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Executive Summary

EXECUTIVE SUMMARY

This Reference Document on best available techniques in the pulp and paper industry reflects
the information exchange carried out according to Article 16(2) of Council Directive 96/61/EC.
The document has to be seen in the light of the preface, which describes the objectives of the
document and its use.

Paper is essentially a sheet of fibres with a number of added chemicals that affect the properties
and quality of the sheet. Besides fibres and chemicals, manufacturing of pulp and paper requires
a large amount of process water and energy in the form of steam and electric power.
Consequently, the main environmental issues associated with pulp and paper production are
emissions to water, emissions to air, and energy consumption. Waste is expected to become a
gradually increasing environmental issue of concern.

Pulp for papermaking may be produced from virgin fibre by chemical or mechanical means or
may be produced by the re-pulping of recovered paper. A paper mill may simply reconstitute
pulp made elsewhere or may be integrated with the pulping operations on the same site.

This document covers the relevant environmental aspects of pulp and papermaking from various
fibrous materials in integrated and non-integrated pulp and paper mills. Non-integrated pulp
mills (market pulp) are only manufacturing pulp that is then sold on the open market. Non-
integrated paper mills are using purchased pulp for their paper production. In integrated pulp
and paper mills the activities of pulp and papermaking are undertaken on the same site. Kraft
pulp mills are operating in both non-integrated and integrated manner whereas sulphite pulp
mills are normally integrated with paper production. Mechanical pulping and recycled fibre
processing is usually an integrated part of papermaking but has become a stand-alone activity in
a few single cases.

Neither environmentally relevant upstream processes like forestry management, production of
process chemicals off-site and transport of raw materials to the mill nor downstream activities
like paper converting or printing are included in this document. Environmental aspects which do
not specifically relate to pulp and paper production such as storage and handling of chemicals,
occupational safety and hazard risk, heat and power plants, cooling and vacuum systems and
raw water treatment are not or only briefly treated.

This BREF consists of an introductory section (general information, Chapter 1) and five major
parts:

» the kraft pulping process (Chapter 2),

* the sulphite pulping process (Chapter 3),

* mechanical pulping and chemi-mechanical pulping (Chapter 4),
* recycled fibre processing (Chapter 5), and

* papermaking and related processes (Chapter 6).

Each of these chapters has five main sections according to the general outline of IPPC BAT
Reference Documents. For most readers it will not be necessary to read the whole document but
only those chapters or sections that are of interest for the mill in question. For example, market
kraft pulp mills are only concerned by Chapter 2; integrated kraft pulp and paper mills are
concerned by Chapter 2 and 6, relevant information on integrated recycled paper processing
mills can be found in Chapter 5 and 6.

At the end of the document there is a list of references and a glossary of terms and abbreviations
that facilitates understanding.
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The general information (Chapter 1) include statistical data about paper consumption in Europe,
the geographical distribution for pulp and paper production across Europe, some economic
aspects, a rough overview about pulp and paper production and major environmental issues, and
a classification of pulp and paper mills in Europe. The chapter on general information closes
with some general remarks on the determination of BAT for the sector that is characterised by a
high diversity of products and (combinations of) processes involved and a high degree of
process-integrated technical solutions.

For each of the major 5 chapters information on the following aspects are presented: applied
processes and techniques; major environmental concerns such as resource and energy demand,
emissions and waste; description of relevant techniques for emission abatement, waste
minimisation and energy savings; identification of best available techniques; and emerging
techniques.

As for the reported emission and consumption figures, it should be borne in mind that, due to
the use of some different measurement methods in the various Member States, data are not
always strictly comparable from country to country. (See Annex III for more information on this
issue but the different methods used do not alter the conclusions drawn in this document).

The discussion of the techniques to consider in determination of BAT all follow the same
structure and cover a short description of the technique, main achieved environmental
performance, applicability, cross-media-effects, operational experiences, economics, driving
forces for implementing this technique, example plants and reference literature. The section on
Best Available Techniques includes ranges of emission and consumption levels that are
associated with the use of BAT. The conclusions on BAT are based on experiences from real
world examples and the expert judgement of the TWG.

Pulp and papermaking is a complex area that consists of quite many process stages and different
products. However, the wide range of raw materials used, processes involved in pulp and
papermaking can be broken down into a number of unit operations for the sake of discussion. In
this document, environmental concerns and relevant techniques for prevention and reduction of
emissions/waste and reducing consumption of energy and raw materials are described separately
for five major classes (Chapter 2 to 6). Where appropriate and considered as necessary, these
main classes are further sub-divided in sub-classes.

The document reflects at sector level the variety in terms of raw materials, energy sources,
products and processes in the European paper industry. However, in specific cases within each
main product category there is a certain range of raw materials and product specification that
differ from production of standard qualities and may have an impact on operational conditions
and the potential for improvement. This is especially true for special paper mills producing a
high number of different qualities in sequential manner on their machines or for paper mills
producing ,,special qualities* of paper.

The exchange of information has allowed conclusions on BAT. The sections in each of the
Chapters that describe BAT should be referred to for a complete understanding of BAT and the
associated emissions. The key findings are summarized below.

General BAT for all processes
During the information exchange it emerged that the most effective measure for the reduction of
emissions/consumption and the improvement of economic performance is the implementation

of the best available process and abatement technologies in combination with the following: -

* Training, education and motivation of staff and operators;
* Process control optimisation;
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¢ Sufficient maintenance of the technical units and the associated abatement techniques;
¢ Environmental management system which optimises management, increases awareness and
includes goals and measures, process and job instructions etc.

BAT for Kraft pulp processing (Chapter 2)

The sulphate or kraft process is the dominating pulping process worldwide due to the superior
pulp strength properties and its application to all wood species. In kraft pulping the wastewater
effluents, the emissions to air including malodorous gases and the energy consumption are the
centres of interest. In some countries also waste is expected to become an environmental issue
of concern. The main raw materials are renewable resources (wood and water) and chemicals
for cooking and bleaching. Emissions to water are dominated by organic substances. Effluent
from bleach plant, where chlorine-containing bleaching chemicals are used, contains organically
bound chlorine compounds, measured as AOX. Some compounds discharged from mills show
toxic effects on aquatic organisms. Emissions of coloured substances may effect the living
species in the recipient negatively. Emissions of nutrients (nitrogen and phosphorus) can
contribute to eutrophication in the recipient. Metals extracted from the wood are discharged in
low concentrations but due to high flows the load can be of significance. A significant reduction
of both chlorinated and non-chlorinated organic substances in the effluent of pulp mills have
been achieved to a large extent by in-process measures.

Best available techniques for kraft pulp mills are considered to be

¢ Dry debarking of wood;

¢ Increased delignification before the bleach plant by extended or modified cooking and
additional oxygen stages;

*  Highly efficient brown stock washing and closed cycle brown stock screening;

e Elemental chlorine free (ECF) bleaching with low AOX or Totally chlorine free (TCF)
bleaching;

¢ Recycling of some, mainly alkaline process water from the bleach plant;

e Effective spill monitoring, containment and recovery system;

e Stripping and reuse of the condensates from the evaporation plant;

e Sufficient capacity of the black liquor evaporation plant and the recovery boiler to cope
with the additional liquor and dry solids load;

¢ Collection and reuse of clean cooling waters;

¢ Provision of sufficiently large buffer tanks for storage of spilled cooking and recovery
liquors and dirty condensates to prevent sudden peaks of loading and occasional upsets in
the external effluent treatment plant;

* In addition to process-integrated measures, primary treatment and biological treatment is
considered BAT for kraft pulp mills.

For bleached and unbleached kraft pulp mills the BAT emission levels to water that are
associated with the use of a suitable combination of these techniques are the following:

Flow COD BOD TSS AOX | TotalN | Total P
m’/Adt | kg/Adt | kg/Adt | kg/Adt | kg/Adt | kg/Adt kg/Adt
Bleached pulp | 30 - 50 8-23 03-1.5 | 0.6-1.5 | <025 | 0.1-025 | 0.01-0.03
Unbleached 15-25 5-10 0.2-0.7 | 0.3-1.0 - 0.1-02 | 0.01-0.02
pulp

These emission levels refer to yearly averages. The water flow is based on the assumption that
cooling water and other clean water are discharged separately. The values refer to the
contribution of pulping only. In integrated mills emissions from papermaking (see Chapter 6)
have to be added according to product mix manufactured.

Pulp and Paper Industry iii



Executive Summary

Off-gas emissions from different sources are considered as the other relevant environmental
issue. Emissions to the atmosphere originate from recovery boiler, lime kiln, bark furnace, chip
storage, cooking digester, pulp washing, bleaching plant, bleaching chemical preparation,
evaporation, screening, washing, white liquor preparation, and various tanks. A part of this is
the diffuse emissions that escape from various points of the process. The main point sources are
the recovery boiler, the lime kiln and auxiliary boilers. Emissions consist mainly of nitrogen
oxides, sulphur-containing compounds such as sulphur dioxide, and malodorous reduced
sulphur compounds. In addition there are emissions of particulates.

Best available techniques for reducing emissions to air are

e Collection and incineration of concentrated malodorous gases and control the resulting SO,
emissions. The strong gases can be burnt in the recovery boiler, in the lime kiln or a
separate, low NO, furnace. The flue gases of the latter have a high concentration of SO, that
is recovered in a scrubber.

e Diluted malodorous gases from various sources are also collected and incinerated and the
resulting SO, controlled.

* TRS emissions of the recovery boiler are mitigated by efficient combustion control and CO
measurement;

* TRS emissions of the lime kiln are mitigated by controlling the excess oxygen, by using
low-S fuel, and by controlling the residual soluble sodium in the lime mud fed to the kiln.

 The SO, emissions from the recovery boilers are controlled by firing high dry solids
concentration black liquor in the recovery boiler and/or by using a flue gas scrubber;

* BAT is further the control of NO emissions from the recovery boiler (i.e. ensuring proper
mixing and division of air in the boiler), lime kiln and from auxiliary boilers by controlling
the firing conditions, and for new or altered installations also by appropriate design;

e SO, emissions from auxiliary boilers are reduced by using bark, gas, low sulphur oil and
coal or controlling S emissions with a scrubber.

e Flue gases from recovery boilers, auxiliary boilers (in which other biofuels and/or fossil
fuels are incinerated) and lime kiln are cleaned with efficient electrostatic precipitators to
mitigate dust emissions.

For bleached and unbleached kraft pulp mills the BAT emission levels to air from the process
that are associated with a combination of these techniques are shown in the following table. The
emission levels refer to yearly averages and standard conditions. Emissions from auxiliary
boilers e.g. due to production of steam used for drying of pulp and/or paper are not included.
For emission levels from auxiliary boilers it is referred to the section BAT for auxiliary boilers
further below.

Dust SO, (as S) NOx (NO+NO, TRS (as S)
kg/Adt kg/Adt as NO,) in kg/Adt kg/Adt
Bleached and 0.2-0.5 0.2-0.4 1.0-1.5 0.1-0.2
unbleached kraft pulp

The values refer to the contribution of the pulp production only. That means that in integrated
mills the figures for the process emissions are related to the kraft pulp production only and do
not include air emissions from steam boilers or power plants that might be operated to provide
the energy needed for paper production.

Best available techniques for reducing waste is to minimise the generation of solid waste and
recover, recycle and re-use these materials, wherever practicable. Separate collection and
intermediate storage of waste fractions at source can be beneficial to meet this aim. When the
collected waste is not re-usable in the process external utilisation of residuals/waste as
substitutes or incineration of organic materials in suitably designed boilers with energy recovery
is considered as BAT.

iv Pulp and Paper Industry



Executive Summary

In order to reduce the consumption of fresh steam and electric power, and to increase the
generation of steam and power internally, a number of measures are available. In energy
efficient non-integrated pulp mills the heat generated from black liquor and incineration of bark
exceeds the energy required for the entire production process. However, fuel oil will be needed
at certain occasions like start-up and also at many mills in the lime kiln.

Energy efficient kraft pulp and paper mills consume heat and power as follows:

* Non-integrated bleached kraft pulp mills: 10-14 GJ/Adt process heat and 0.6-0.8 MWh/Adt
of power;

* Integrated bleached kraft pulp and paper mills (e.g. uncoated fine paper): 14-20 GJ/Adt
process heat and 1.2-1.5 MWh/Adt ofpower;

¢ Integrated unbleached kraft pulp and paper mills (e.g. kraftliner): 14-17.5 GJ/Adt process
heat and 1-1.3 MWh/Adt power.

BAT for Sulphite pulp processing (Chapter 3)

The production of sulphite pulp is much smaller than the production of kraft pulp. The pulping
process can be carried out with different cooking chemicals. The document focuses on
magnesium sulphite pulping because of its importance in terms of capacity and numbers of
mills running in Europe.

In many respects the kraft and sulphite processes have similarities not least regarding the
possibilities of applying different internal and external measures to reduce emissions to
environment. The major differences between the two chemical pulping processes from an
environmental point-of-view are to be found in the chemistry of the cooking process, the
chemical preparation and recovery system and the reduced bleaching required because of better
initial brightness of sulphite pulp.

As in kraft pulping also in sulphite pulping the wastewater effluents and the emissions to air are
the centres of interest. The main raw materials are renewable resources (wood and water) and
chemicals for cooking and bleaching. Emissions to water are dominated by organic substances.
Some compounds discharged from mills show toxic effects on aquatic organisms. Emissions of
coloured substances may effect the living species in the recipient negatively. Emissions of
nutrients (nitrogen and phosphorus) can contribute to eutrophication in the recipient. Metals
extracted from the wood are discharged in low concentrations but due to high flows the load can
be of significance. For bleaching of sulphite pulp the use of chlorine containing bleaching
chemicals is normally avoided, i.e. TCF-bleaching is applied. Therefore, the effluents from the
bleach plant do not contain relevant amounts of organically bound chlorine compounds.

Information on techniques to consider in the determination of BAT is generally much weaker
for sulphite mills than for kraft pulp mills. Therefore, from the limited information supplied by
the members of the TWG in the course of the information exchange on BAT only a few
techniques could be described to the same extent as for kraft pulping. The available data set is
relatively small. This could be partly compensated because of the inherent similarities between
sulphite and kraft pulping. A number of techniques for pollution prevention and control for kraft
pulping are also valid in most respects for sulphite pulping. Where there are particular
differences between kraft and sulphite technologies attempts have been made to collect the
necessary information. However, only information from Austria, Germany and Sweden could
be used for the description of the techniques and the conclusion on BAT. A significant
reduction of emissions to water has been achieved by in-process measures.
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Best available techniques for sulphite pulp mills are considered to be:

*  Dry debarking of wood;

* Increased delignification before the bleach plant by extended or modified cooking;

* Highly efficient brown stock washing and closed cycle brown stock screening;

»  Effective spill monitoring containment and recovery system;

*  Closure of the bleach plant when sodium based cooking processes is being used;

* TCF bleaching;

* Neutralising of weak liquor before evaporation followed by re-use of most condensate in the
process or anaerobic treatment;

e For prevention of unnecessary loading and occasionally upsets in the external effluent
treatment due to process cooking and recovery liquors and dirty condensates sufficiently
large buffer tanks for storage are considered as necessary;

* In addition to process-integrated measures, primary and biological treatment is considered
BAT for sulphite pulp mills.

For bleached sulphite pulp mills the BAT emission levels to water that are associated with the
use of a suitable combination of these techniques are the following:

Flow COD BOD TSS AOX | TotalN | Total P
m*/Adt | kg/Adt | kg/Adt | kg/Adt | kg/Adt | kg/Adt kg/Adt
Bleached |40-55 [20-30 1-2 1.0-2.0 - 0.15-0.5 | 0.02-0.05
pulp

These emission levels refer to yearly averages. The waste water flow is based on the assumption
that cooling water and other clean water are discharged separately. The values refer to the
contribution of pulping only. In integrated mills emissions from papermaking (see Chapter 6)
have to be added according to product mix manufactured.

Off-gas emissions from different sources are considered as the other relevant environmental
issue. Emissions to the atmosphere originate from different sources the most relevant being the
recovery boiler and the bark furnace. Less concentrated SO, containing releases originate from
washing and screening operations and from vents of the evaporators and from various tanks. A
part of these emissions escapes diffuse from various points of the process. Emissions consist
mainly of sulphur dioxide, nitrogen oxides and dust.

Best available techniques for reducing emissions to air are:

e Collection of concentrated SO, releases and recovery in tanks with different pressure levels;

e Collection of diffuse SO, releases from various sources and introducing them in the
recovery boiler as combustion air;

* Control of SO, emissions from the recovery boiler(s) by use of electrostatic precipitators
and multi-stage flue gas scrubbers and collection and scrubbing of various vents;

¢ Reduction of SO, emissions from auxiliary boilers by using bark, gas, low sulphur oil and
coal or controlling S emissions;

* Reduction of odorous gases by efficient collection systems;

¢ Reduction of NO, emissions from the recovery boiler and from auxiliary boilers by
controlling the firing conditions;

* C(Cleaning of the auxiliary boilers flue gases with efficient electrostatic precipitators to
mitigate dust emissions;

* Emission optimised incineration of residues with energy recovery.

The BAT emission levels from the process associated with a combination of these techniques
are depicted in the following table. Emissions from auxiliary boilers e.g. due to production of
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steam used for drying of pulp and/or paper are not included. For these installations emission
levels that are associated with BAT are presented in the section BAT for auxiliary boilers
further below.

Dust SO, (as S) NOx (as NO,)
kg/Adt kg/Adt kg/Adt
Bleached pulp 0.02 -0.15 0.5-1.0 1.0-2.0

These emission levels refer to yearly averages and standard conditions. The values refer to the
contribution of the pulp production only. That means that in integrated mills the figures for the
process emissions are related to the pulp production only and do not include air emissions from
auxiliary boilers or power plants that might be operated to provide the energy needed for paper
production.

Best available techniques for reducing waste is to minimise the generation of solid waste and
recover, recycle and re-use these materials, wherever practicable. Separate collection and
intermediate storage of waste fractions at source can be beneficial to meet this aim. When the
collected waste is not re-usable in the process, external utilisation of residuals/waste as
substitutes or incineration of organic materials in suitably designed boilers with energy recovery
is considered as BAT.

In order to reduce the consumption of fresh steam and electric power, and to increase the
generation of steam and power internally, a number of measures are available. Sulphite pulp
mills are heat and power self-sufficient by using the heat value of the thick liquor, bark and
wood waste. In integrated mills there is a need for additional steam and electricity that is
generated in on- or off-site power plants. Integrated sulphite pulp and paper mills consume 18 -
24 GJ/Adt process heat and 1.2 - 1.5 MWh/Adt electricity.

BAT for Mechanical pulping and chemi-mechanical pulping (Chapter 4)

In mechanical pulping the wood fibres are separated from each other by mechanical energy
applied to the wood matrix. The objective is to maintain the main part of the lignin in order to
achieve high yield with acceptable strength properties and brightness. There are two main
processes to be distinguished:

e The groundwood process where logs are pressed against a rotating grinder stone with
simultaneous action of water and:
¢ refiner mechanical pulp that is produced by defiberizing wood chips between disc refiners.

The characteristics of the pulp can be affected by increasing the process temperature and, in the
case of refining, by the chemical pre-treatment of the wood chips. The pulping process in which
the wood is pre-softened with chemicals and refined under pressure is called chemo-thermo-
mechanical pulping and is also covered by this document.

Most mechanical pulping is integrated with paper manufacture. Therefore, the emission levels
associated with the use of BAT are given for integrated pulp and paper mills (except for
CTMP).

In mechanical pulping and chemi-mechanical pulping the wastewater effluents and consumption
of electricity for the drives of grinders or refiners are the centres of interest. The main raw
materials are renewable resources (wood and water) and some chemicals for bleaching (for
CTMP also for chemical pre-treatment of the chips). As processing aids and to improve the
product properties (paper auxiliaries) various additives are applied during paper manufacturing.
Emissions to water are dominated organic substances that are lost in the water phase in the form
of dissolved or dispersed substances. If mechanical pulp is bleached in one or two alkaline
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peroxide steps the releases of organic pollutants increase significantly. Peroxide bleaching result
in additional COD-loads before treatment of about 30 kg O,/Adt. Some compounds discharged
from mills show toxic effects on aquatic organisms. Emissions of nutrients (nitrogen and
phosphorus) can contribute to eutrophication in the recipient. Metals extracted from the wood
are discharged in low concentrations but due to high flows the load can be of significance.

A big part of techniques to consider in the determination of BAT refer to the reduction of
emissions to water. In mechanical pulping processes the water systems are usually quite close.
Surplus clarified waters from the paper machine are usually used to compensate for the water
leaving the circuit with the pulp and the rejects.

Best available techniques for mechanical pulp mills are considered to be:

¢ Dry debarking of wood

*  Minimisation of reject losses by using efficient reject handling stages

*  Water recirculation in the mechanical pulping department

» Effective separation of the water systems of the pulp and paper miill by use of thickeners

*  Counter-current white water system from paper mill to pulp mill depending on the degree of
integration

* Use of sufficiently large buffer tanks for storage of concentrated wastewater streams from
the process (mainly for CTMP)

* Primary and biological treatment of the effluents, and in some cases also flocculation or
chemical precipitation.

For CTMP mills a combination of an anaerobic and aerobic treatment of the wastewater is also
regarded as an efficient treatment system. Finally, evaporation of the most contaminated
wastewater and burning of the concentrate plus activated sludge treatment of the rest might be
especially an interesting solution for upgrading mills.

The emission levels that are associated with a suitable combination of these techniques are
presented separately for non-integrated CTMP mills and integrated mechanical pulp and paper
mills. These emission levels refer to yearly average values.

Flow m’/t

COD
kg/t

BOD
kg/t

TSS
kg/t

AOX
kg/t

Total N
kg/t

Total P
kg/t

Non-integrated

15-20

10-20

0.5-1.0

0.5-1.0

0.1-0.2

0.005-0.01

CTMP mills
(contribution of

pulping only)

Integrated 12-20 | 2.0-5.0 0.2-0.5 | 0.2-0.5 | <0.01 | 0.04-0.1

mechanical pulp &
paper mills (such as
newsprint, LWC and
SC paper mills)

0.004-0.01

In case of integrated CTMP mills, emissions from papermaking (see Chapter 6) have to be
added according to product mix manufactured.

For integrated mechanical pulp and paper mills the emission levels refer to both pulping and
papermaking and are related to kg pollutant per tonne of paper produced.

In mechanical pulping, the ranges for COD depend especially on the share of the fibre furnish
that is bleached with peroxide because peroxide bleaching results in higher initial loads of
organic substances before treatment. Therefore, the upper end of the emission range associated
with BAT is valid for paper mills with a high proportion of peroxide bleached TMP.
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Emissions to the atmosphere are mainly emissions from heat and electricity generation in
auxiliary boilers and volatile organic carbons (VOC). Sources of VOC emissions are chip heaps
and evacuation of air from chests from wood-chip washing and from other chests and
condensates from the steam recovery from refiners that are contaminated with volatile wood
components. A part of these emissions escapes diffuse from various points of the process.

Best available techniques for reducing emissions to air is efficient heat recovery from refiners
and abatement of VOC emissions from contaminated steam. Apart from VOC emissions,
mechanical pulping generate releases to the atmosphere that are not process-related but caused
by energy generation on-site. Heat and power is produced by combustion of different types of
fossil fuels or renewable wood residuals like bark. BAT for auxiliary boilers is discussed further
below.

Best available techniques for reducing waste is to minimise the generation of solid waste and
recover, recycle and re-use these materials, wherever practicable. Separate collection and
intermediate storage of waste fractions at source can be beneficial to meet this aim. When the
collected waste is not re-usable in the process external utilisation of residuals/waste as
substitutes or incineration of organic materials in suitably designed boilers with energy recovery
is considered as BAT, thus minimising the disposal of rejects to landfill.

In order to reduce the consumption of fresh steam and electric power a number of measures are
available. Energy efficient mechanical pulp and paper mills consume heat and power as follows:

* Non-integrated CTMP: For pulp drying recovered process heat can be used i.e. no primary
steam is needed. The power consumption is 2 - 3 MWh/ADt.

* Integrated newsprint mills consume 0 - 3 GJ/t process heat and 2 - 3 MWh/t of electricity.
The steam demand depends on the fibre furnish and the degree of steam recovery from the
refiners.

e Integrated LWC paper mills consume 3 - 12 GJ/t process heat and 1.7 - 2.6 MWh/t of
electricity. It has to be noted that the fibre furnish of LWC consists usually only of about
one third of PGW or TMP the rest being bleached kraft pulp and fillers and coating colours.
If the production of bleached kraft pulp is carried out at the same site (integrated) the
contribution of the energy demand of kraft pulping have to be added according to fibre
furnish mix manufactured.

e Integrated SC paper mills consume 1 - 6 GJ/t process heat and 1.9 - 2.6 MWh/t of
electricity.

BAT for Recycled fibre processing (Chapter 5)

Recovered fibre has become an indispensable raw material for the paper manufacturing industry

because of the favourable price of recovered fibres in comparison with the corresponding grades

of virgin pulp and because of the promotion of recovered paper recycling by many European

countries. The recovered paper processing systems vary according to the paper grade to be

produced e.g. packaging paper, newsprint, testliner, or tissue paper and the type of furnish used.

Generally, recycled fibre (RCF) processes can be divided in two main categories:

e processes with exclusively mechanical cleaning i.e. without deinking. They comprise
products like testliner, corrugating medium, board and cartonboard

e processes with mechanical and chemical unit processes i.e. with deinking. They comprise
products like newsprint, tissue, printing and copy paper, magazine papers (SC/LWC), some
grades of cartonboard or market DIP.

The raw materials for RCF based paper production consist mainly of recovered paper, water,
chemical additives, and energy in the form of steam and power. Large quantities of water are
used as process water and cooling water. As processing aids and to improve the product
properties (paper auxiliaries) various additives are applied during paper manufacturing. The
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environmental impact of recovered paper processing comprises basically emissions to water,
solid waste (especially if wash de-inking is applied as e.g. in tissue mills) and atmospheric
emissions. Emissions to the atmosphere are mainly related to energy generation by combustion
of fossil fuels in power plants.

Most recovered paper processing mills are integrated with paper manufacture. Therefore, the
emission levels associated with the use of BAT are given for integrated mills.

A big part of techniques to consider in the determination of BAT refer to the reduction of
emissions to water.

Best available techniques for recovered paper processing mills are considered to be:

e Separation of less contaminated water from contaminated one and recycling of process
water;

e Optimal water management (water loop arangement), water clarification by sedimentation,
flotation or filtration techniques and recycling of process water for different purposes;

*  Strict separation of water loops and counter-currents flow of process water;

*  Generation of clarified water for de-inking plants (flotation);

* Installation of an equalisation basin and primary treatment;

* Biological effluent treatment. An effective option for de-inked grades and depending on the
conditions also for non-de-inked grades is aerobic biological treatment and in some cases
also flocculation and chemical precipitation. Mechanical treatment with subsequent
anaerobic-aerobic biological treatment is the preferable option for non-deinked grades.
These mills usually have to treat more concentrated wastewater because of higher degree of
water circuit closure;

» Partial recycling of treated water after biological treatment. The possible degree of water
recycling is depending on the specific paper grades produced. For non-deinked paper grades
this technique is BAT. However, the advantages and drawbacks need to be carefully
investigated and will usually require additional polishing (tertiary treatment).

* Treating internal water circuits

For integrated recovered paper mills, the emission levels associated with the use of a suitable
combination of best available techniques are the following:

Flow CcOD BOD TSS Total N Total P
m’/t kg/t kg/t kg/t kg/t kg/t

AOX
kg/t

Integrated RCF paper | <7 0.5-1.5 | <0.05-0.15 | 0.05-0.15 | 0.02-0.05 | 0.002-0.005
mills without de-
inking (e.g. wellen-
stoff, testliner, white
topliner, cartonboard
etc.)

<0.005

RCEF paper mills with
de-inking (e.g. 8-15 2-4 <0.05-0.2 0.1-0.3 0.05-0.1 | 0.005-0.01
newsprint, printing &
writing paper etc.)

<0.005

RCF based tissue 8-25 2.0-4.0 | <0.05-0.5 0.1-0.4 | 0.05-0.25 | 0.005-0.015
mills

<0.005

The BAT emission levels refer to yearly averages and are presented separately for processes
with and without de-inking. The waste water flow is based on the assumption that cooling water
and other clean water are discharged separately. The values refer to integrated mills i.e.
recovered paper processing and papermaking is carried out at the same site.
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Common treatment of wastewater from a RCF paper mill or a consortium of RCF paper mills in
the municipal wastewater treatment plant is also considered as BAT when the common
treatment system is appropriate for dealing with paper mill effluents. The removal efficiencies
of the common waste water treatment system should be calculated and the comparable removal
efficiencies or concentrations of releases established before considering this option as BAT.

Air emissions in RCF based paper mills are mainly related to plants installed for the production
of heat and in some cases for co-generation of electricity. Saving of energy corresponds
therefore with reduction of air emissions. The power plants are usually standard boilers and can
be treated like any other power plants. To decrease energy consumption and air emission the
following measures are considered as BAT: Co-generation of heat and power, improving
existing boilers and when equipment is replaced use of less energy consuming equipment. For
emission levels associated with the use of BAT it is referred to the section BAT for auxiliary
boilers further below.

Best available techniques for reducing waste are to minimise the generation of solid waste and
recover, recycle and re-use these materials, wherever practicable. Separate collection and
intermediate storage of waste fractions at source can be beneficial to meet this aim. When the
collected waste is not re-usable in the process external utilisation of residuals/waste as
substitutes or incineration of organic materials in suitably designed boilers with energy recovery
is considered as BAT. Reduction of solid waste can be achieved by optimising the fibre
recovery by upgrading of stock preparation plants, optimisation of the amount of cleaning
stages in the stock preparation, application of dissolved air flotation (DAF) as in-line treatment
of water-loops to recover fibres and fillers and to clarify process water. A balance between
cleanliness of stock, fibre losses and energy requirements and costs has to found and are usually
depending on the paper grades. The reduction of the amount of solid waste to be landfilled is
BAT. This can be achieved by efficient reject and sludge handling on-site (de-watering) to
enhance dry solids content and subsequent incineration of sludge and/rejects with energy
recovery. Produced ash can be used as raw material in the building materials industry. Different
options for incineration of rejects and sludge are available. The applicability is limited by the
size of the mill and to a certain extent by the fuel used for generation of steam and power
respectively.

Energy efficient recovered paper mills consume process heat and power as follows:

* Integrated non-deinked RCF paper mills (e.g. testliner, fluting): 6 - 6.5 GJ/t process heat and
0.7 - 0.8 MWh/t of power;

* Integrated tissue mills with DIP plant: 7 - 12 GJ/t process heat and 1.2 - 1.4 MWh/t of
power;

* Integrated newsprint or printing and writing paper mills with DIP plant: 4 - 6.5 GJ/t process
heat and 1 - 1.5 MWh/t of power.

BAT for Papermaking and related processes (Chapter 6)

The manufacturing of fibres used for papermaking has been described in the Chapters 2 to 5. In
Chapter 6 paper and board manufacturing is described independently from pulp manufacturing.
This approach has been chosen because the same unit processes around the paper and board
machine are required in every paper mill whether it is integrated with pulp production or not.
The description of papermaking as part of integrated pulp mills would increase the complexity
of the technical description. Finally, in numbers, most paper mills in Europe are non-integrated
mills.

For integrated paper mills this chapter is relevant as far as the papermaking is concerned.

Paper is made from fibres, water and chemical additives. Furthermore, a lot of energy is needed
to drive the whole process. Electric power is mainly consumed for the operation of various
motor drives and for refining in stock preparation. Process heat is mainly used for heating of
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water, other liquors, and air, evaporating water in the dryer section of the paper machine, and
conversion of steam into electric power (in case of co-generation). Large quantities of water are
used as process water and cooling water. As processing aids and to improve the product
properties (paper auxiliaries) various additives may be applied during paper manufacturing.

The environmental issues of paper mills are dominated by emissions to water and by the
consumption of energy and chemicals. Solid waste is also generated. Atmospheric emissions are
mainly related to energy generation by combustion of fossil fuels in power plants.

Best available techniques for reducing emissions to water are

e Minimising water usage for different paper grades by increased recycling of process waters
and water management;

* Control of potential disadvantages of closing up the water systems;

* Construction of a balanced white water, (clear) filtrate and broke storage system and use of
constructions, design and machinery with reduced water consumption when practicable.
This is normally when machinery or components are replaced or at rebuilds;

* Application of measures to reduce frequency and effects of accidental discharge;

*  Collection and reuse of clean cooling and sealing waters or separate discharge;

* Separate pre-treatment of coating wastewaters;

* Substitution of potentially harmful substances by use of less harmful alternatives;

* Effluent treatment of wastewater by installation of an equalisation basin;

* Primary treatment, secondary biological, and/or in some cases, secondary chemical
precipitation or flocculation of wastewater. When only chemical treatment is applied the
discharges of COD will be somewhat higher but mainly made up of easily degradable
matter.

For non-integrated paper mills the emissions levels that are associated with the use of BAT are
presented for uncoated and coated fine paper and tissue separately in the table below. However,
the differences between the paper grades are not very distinct.

Parameters Units Uncoated Coated fine Tissue
fine paper paper

BOD; kg/t of paper 0.15-0.25 0.15-0.25 0.15-0.4
COD kg/t of paper 0.5-2 0.5-1.5 0.4-1.5
TSS kg/t of paper 0.2-0.4 0.2-0.4 0.2-0.4
AOX kg/t of paper < 0.005 < 0.005 <0.01
Total P kg/t of paper 0.003-0.01 0.003-0.01 0.003-0.015
Total N kg/t of paper 0.05-0.2 0.05-0.2 0.05-0.25
Flow m’/t of paper 10-15 10-15 10-25

The BAT emission levels refer to yearly averages and exclude the contribution of pulp
manufacturing. Although these values refer to non-integrated mills they can also be used to
approximate emissions caused by papermaking units in integrated mills. The waste water flow
is based on the assumption that cooling water and other clean water are discharged separately.

Common treatment of wastewater from a paper mill or a consortium of paper mills in the
municipal wastewater treatment plant is also considered as BAT when the common treatment
system is appropriate for dealing with paper mill effluents. The removal efficiencies of the
common wastewater treatment system should be calculated and the comparable removal
efficiencies or concentrations of releases established before considering this option as BAT.

Air emissions from non-integrated paper mills are mainly related to steam boilers and power
plants. These plants are generally standard boilers and do not differ from any other combustion
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plants. It is assumed that they are regulated like any other auxiliary boiler of the same capacity
(see below).

BAT concerning solid waste is the minimisation the generation of solid waste and recovery, re-
use and re-cycle of re-usable materials as far as possible. Separate collection of waste fractions
at source and intermediate storage of residuals/waste can be beneficial to allow for a greater
proportion to be reused or recycled rather than landfilled. Reduction of fibre and filler losses,
the application of ultra-filtration for coating wastewater recovery (only for coated grades),
efficient de-watering of the residues and sludge to high dry solids are further available
techniques. BAT is the reduction of the amount of waste to be landfilled by identification of
possibilities for recovery operations and - if feasible - utilisation of waste for material recycling
or incineration with energy recovery.

In general in this sector BAT is considered to be the use of energy efficient technologies. A lot
of options for energy saving in many stages within the manufacturing process are available.
Usually these measures are linked with investments to replace, rebuild or upgrade process
equipment. It should be noticed that energy saving measures are mostly not applied only for
energy saving. Production efficiency, improvement of product quality and reduction of overall
costs is the most important basis for investments. Energy savings can be achieved by
implementation of a system for monitoring energy usage and performance, more effective
dewatering of the paper web in the press section of the paper machine by using wide nip (shoe)
pressing technologies and use of other energy efficient technologies as e.g. high consistency
slushing, energy efficient refining, twin wire forming, optimised vacuum systems, speed
adjustable drives for fans and pumps, high efficiency electric motors, well sized electric motors,
steam condensate recovery, increasing size press solids or exhaust air heat recovery systems. A
reduction of direct use of steam can be achieved by careful process integration by using pinch
analysis.

Energy efficient non-integrated paper mills consume heat and power as follows:

* Non-integrated uncoated fine paper mills have a process heat demand of 7 - 7.5 GJ/t and a
power demand of 0.6 - 0.7 MWh/t;

* Non-integrated coated fine paper mills have a process heat demand of 7 - 8 GJ/t and a power
demand of 0.7 - 0.9 MWh/t;

* Non-integrated tissue mills based on virgin fibre have a process heat demand of 5.5 - 7.5
GJ/t and a power demand of 0.6 - 1.1 MWh/t.

BAT for auxiliary boilers

Depending on the actual energy balance of the given pulp or paper mill, the type of external

fuels used and the fate of possible biofuels as bark and wood-waste there are atmospheric

emissions from auxiliary boilers to consider. Pulp and paper mills manufacturing pulp from

virgin fibres are normally operating bark boilers. For non-integrated paper mills and RCF paper

mills air emissions are mainly related to steam boilers and/or power plants. These plants are

generally standard boilers and do not differ from any other combustion plant. It is assumed that

they are regulated like any other installation of the same capacity. Therefore, generally

acknowledged BAT for auxiliary boilers are only briefly mentioned in this document. Those

techniques are:

* application of cogeneration of heat and power if the heat/power-ratio allows it

* use of renewable sources as fuel such as wood or wood waste, if generated, to reduce the
emissions of fossil CO,

* control of NO, emissions from auxiliary boilers by controlling the firing conditions, and
installation of low-NOx burners

* reducing SO, emissions by using bark, gas or low sulphur fuels or controlling S emissions

* In auxiliary boilers burning solid fuels efficient ESPs (or bag filters) are used for the removal
of dust.
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BAT associated emission levels from auxiliary boilers in pulp and paper industry that incinerate
different kind of fuels are summarized in the table below. The values refer to yearly average
values and standard conditions. However, the total product specific releases to air are very site
specific (e.g. type of fuel, size and type of installation, integrated or non-integrated mill,
production of electricity).

Released substances Coal Heavy fuel oil | Gas oil Gas Biofuel
(e.g. bark)

mg S/MIJ fuel input 100 -200 ! 100 —200 ' 25-50 <5 <15

(50 - 100)° (50-100)°
mg NO/MI fuel 80-1107 80— 1102 45-60 ° 30 -60 2 60 —100 >
input (50-80 SNCR)® | (50-80 SNCR)® (4070 SNCR)?
mg dust/Nm’ 10-30* 10-40* 10-30 <5 10-30*

at 6% O, at3 % 0, 3% 0, 3% O, at 6% O,
Notes:

1) Sulphur emissions of oil or coal fired boilers depend on the availability of low-S oil and coal. Certain reduction
of sulphur could be achieved with injection of calcium carbonate.

2) Only combustion technology is applied

3) Secondary measures as SNCR are also applied; normally only larger installations

4) Associated values when efficient electrostatic precipitators are used

5) When a scrubber is used; only applied to larger installations

It has to be noted that auxiliary boilers within the pulp and paper industry are of a very variable
size (from 10 to above 200 MW). For the smaller only the use of low-S fuel and combustion
techniques can be applied at reasonable costs while for the larger also control measures. This
difference is reflected in the table above. The higher range is considered BAT for smaller
installations and is achieved when only quality of fuel and internal measures are applied; the
lower levels (in brackets) are associated with additional control measures like SNCR and
scrubbers and are regarded as BAT for larger installations.

Use of chemicals and additives

In the pulp and paper industry a large number of chemicals are used depending on the paper
grade produced, the process design and operation and the product qualities to be achieved. On
the one hand process chemicals for the production of pulp are required, on the other hand
chemical additives and auxiliaries are applied in paper production. Chemical additives are used
to give paper various characteristics while chemical auxiliaries are used to increase efficiency
and reduce disruption of the production process.

For chemical usage the availability of a database for all used chemicals and additives and the
application of the principle of substitution is considered as BAT. That means that less hazardous
products are used when available. Measures to avoid accidental discharges to soil and water
from handling and storage of chemicals are applied.

Degree of consensus

This BREF has met support from most members of the TWG and participants at the 7™ meeting
of the Information Exchange Forum. However, CEPI — representing the pulp and paper industry
— and a few Member States did not express their full support for this final draft and contested
some of the conclusions presented in the document. Mention is made below of some of the key
areas of contention and Chapter 7 provides further detail.

CEPI and one Member State took the view that the economic difference between new/existing
and large/small mills had not been sufficiently considered and that clear differences should have
been established in the BREF. Furthermore, CEPI and three Member States believe that a
typical mill will not be able to, at the same time, reach all the presented emission and
consumption levels associated with the use of a suitable combination of the various techniques
that are considered as BAT. In their view, no sufficiently integrated assessment of all
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parameters has been carried out. Contrary to this view, however, mills have been identified who
do achieve all the presented levels at the same time and this minority view above was not shared
by most members of the TWG.

Apart from these general issues, there are also a few specific issues where the final conclusions
did not receive unanimous support in the TWG. CEPI and two Member States consider that for
TSS for bleached kraft pulping, the upper end of the range associated with the use of BAT
should be 2.0 kg/Adt instead of 1.5 kg/Adt. CEPI and one Member State also consider that
some of the ranges associated with the use of BAT for the various paper grades are too
stringent. Conversely, there are TWG members who consider that certain concluded BAT
associated levels are excessively lenient bearing in mind the more recent achievements of some
pulp and paper mills.

The European Environmental Bureau — representing environmental organisations — expressed
some further dissenting views, including that ECF-bleaching in kraft pulp mills does not meet
the BAT criteria regarding the precautionary and the prevention principles and that, in general,
tertiary treatment of effluents should include treatment with ozone, peroxide or UV radiation
followed by a biofiltration step.
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PREFACE

1. Status of this document

Unless otherwise stated, references to “the Directive” in this document means the Council
Directive 96/61/EC on integrated pollution prevention and control. This document forms part
of a series presenting the results of an exchange of information between EU Member States and
industries concerned on best available techniques (BAT), associated monitoring, and
developments in them. It is published by the European Commission pursuant to Article 16(2) of
the Directive, and must therefore be taken into account in accordance with Annex IV of the
Directive when determining “best available techniques”.

2. Relevant legal obligations of the IPPC Directive and the definition of BAT

In order to help the reader understand the legal context in which this document has been drafted,
some of the most relevant provisions of the IPPC Directive, including the definition of the term
“best available techniques”, are described in this preface. This description is inevitably
incomplete and is given for information only. It has no legal value and does not in any way alter
or prejudice the actual provisions of the Directive.

The purpose of the Directive is to achieve integrated prevention and control of pollution arising
from the activities listed in its Annex I, leading to a high level of protection of the environment
as a whole. The legal basis of the Directive relates to environmental protection. Its
implementation should also take account of other Community objectives such as the
competitiveness of the Community’s industry thereby contributing to sustainable development.

More specifically, it provides for a permitting system for certain categories of industrial
installations requiring both operators and regulators to take an integrated, overall look at the
polluting and consuming potential of the installation. The overall aim of such an integrated
approach must be to improve the management and control of industrial processes so as to ensure
a high level of protection for the environment as a whole. Central to this approach is the general
principle given in Article 3 that operators should take all appropriate preventative measures
against pollution, in particular through the application of best available techniques enabling
them to improve their environmental performance.

The term “best available techniques” is defined in Article 2(11) of the Directive as “the most
effective and advanced stage in the development of activities and their methods of operation
which indicate the practical suitability of particular techniques for providing in principle the
basis for emission limit values designed to prevent and, where that is not practicable, generally
to reduce emissions and the impact on the environment as a whole.” Article 2(11) goes on to
clarify further this definition as follows:

“techniques” includes both the technology used and the way in which the installation is
designed, built, maintained, operated and decommissioned;

“available” techniques are those developed on a scale which allows implementation in the
relevant industrial sector, under economically and technically viable conditions, taking into
consideration the costs and advantages, whether or not the techniques are used or produced
inside the Member State in question, as long as they are reasonably accessible to the operator;

“best” means most effective in achieving a high general level of protection of the environment
as a whole.
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Furthermore, Annex IV of the Directive contains a list of “considerations to be taken into
account generally or in specific cases when determining best available techniques ... bearing in
mind the likely costs and benefits of a measure and the principles of precaution and prevention”.
These considerations include the information published by the Commission pursuant to
Article 16(2).

Competent authorities responsible for issuing permits are required to take account of the general
principles set out in Article 3 when determining the conditions of the permit. These conditions
must include emission limit values, supplemented or replaced where appropriate by equivalent
parameters or technical measures. According to Article 9(4) of the Directive, these emission
limit values, equivalent parameters and technical measures must, without prejudice to
compliance with environmental quality standards, be based on the best available techniques,
without prescribing the use of any technique or specific technology, but taking into account the
technical characteristics of the installation concerned, its geographical location and the local
environmental conditions. In all circumstances, the conditions of the permit must include
provisions on the minimisation of long-distance or transboundary pollution and must ensure a
high level of protection for the environment as a whole.

Member States have the obligation, according to Article 11 of the Directive, to ensure that
competent authorities follow or are informed of developments in best available techniques.

3. Objective of this Document

Article 16(2) of the Directive requires the Commission to organise “an exchange of information
between Member States and the industries concerned on best available techniques, associated
monitoring and developments in them”, and to publish the results of the exchange.

The purpose of the information exchange is given in recital 25 of the Directive, which states that
“the development and exchange of information at Community level about best available
techniques will help to redress the technological imbalances in the Community, will promote
the world-wide dissemination of limit values and techniques used in the Community and will
help the Member States in the efficient implementation of this Directive.”

The Commission (Environment DG) established an information exchange forum (IEF) to assist
the work under Article 16(2) and a number of technical working groups have been established
under the umbrella of the IEF. Both IEF and the technical working groups include
representation from Member States and industry as required in Article 16(2).

The aim of this series of documents is to reflect accurately the exchange of information which
has taken place as required by Article 16(2) and to provide reference information for the
permitting authority to take into account when determining permit conditions. By providing
relevant information concerning best available techniques, these documents should act as
valuable tools to drive environmental performance.

4. Information Sources

This document represents a summary of information collected from a number of sources,
including in particular the expertise of the groups established to assist the Commission in its
work, and verified by the Commission services. All contributions are gratefully acknowledged.

5. How to understand and use this document

The information provided in this document is intended to be used as an input to the
determination of BAT in specific cases. When determining BAT and setting BAT-based permit
conditions, account should always be taken of the overall goal to achieve a high level of
protection for the environment as a whole.
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The rest of this section describes the type of information that is provided in each section of the
document.

Chapters 1 provide general information on the industrial sector concerned and the first sections
of Chapter 2 to 6 give information on the industrial processes used within the sector. Data and
information concerning current emission and consumption levels are then presented in the
second sections of Chapter 2 to 6 reflecting the situation in existing installations at the time of
writing.

The third sections of Chapter 2 to 6 describe in more detail the emission reduction and other
techniques that are considered to be most relevant for determining BAT and BAT-based permit
conditions. This information includes the consumption and emission levels considered
achievable by using the technique, some idea of the costs and the cross-media issues associated
with the technique, and the extent to which the technique is applicable to the range of
installations requiring IPPC permits, for example new, existing, large or small installations.
Techniques that are generally seen as obsolete are not included.

A conclusion section on Best Available techniques in each of Chapter 2 to 6 presents the
techniques and the emission and consumption levels that are considered to be compatible with
BAT in a general sense. The purpose is thus to provide general indications regarding the
emission and consumption levels that can be considered as an appropriate reference point to
assist in the determination of BAT-based permit conditions or for the establishment of general
binding rules under Article 9(8). It should be stressed, however, that this document does not
propose emission limit values. The determination of appropriate permit conditions will involve
taking account of local, site-specific factors such as the technical characteristics of the
installation concerned, its geographical location and the local environmental conditions. In the
case of existing installations, the economic and technical viability of upgrading them also needs
to be taken into account. Even the single objective of ensuring a high level of protection for the
environment as a whole will often involve making trade-off judgements between different types
of environmental impact, and these judgements will often be influenced by local considerations.

Although an attempt is made to address some of these issues, it is not possible for them to be
considered fully in this document. The techniques and levels presented in the conclusion section
on Best Available Techniques in each of Chapters 2 to 6 will therefore not necessarily be
appropriate for all installations. On the other hand, the obligation to ensure a high level of
environmental protection including the minimisation of long-distance or transboundary
pollution implies that permit conditions cannot be set on the basis of purely local considerations.
It is therefore of the utmost importance that the information contained in this document is fully
taken into account by permitting authorities.

Since the best available techniques change over time, this document will be reviewed and
updated as appropriate. All comments and suggestions should be made to the European IPPC
Bureau at the Institute for Prospective Technological Studies at the following address:

Edificio Expo-WTC, Inca Garcilaso s/n, E-41092 Seville — Spain
Telephone: +34 95 4488 284 Fax: +34 95 4488 426
e-mail eippcb@)jrc.es

Internet: http://eippcb.jre.es
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SCOPE

A paper mill may simply reconstitute pulp made elsewhere or may be integrated with the
pulping operations on the same site. That is to say, the activities involved in pulping and
recovered paper processing and those involved in papermaking may be undertaken separately or
in combination on the same site. Both pulp mills and paper mills are operated in non-integrated
and integrated ways. Mechanical pulping and recycled fibre processing is usually an integrated
part of papermaking but has now also become a stand-alone activity.

This BREF covers the processes involved in the production of pulp and paper in integrated pulp
and paper mills as well as for non-integrated pulp mills (market pulp) and non-integrated paper-
mills using purchased pulp for paper production.

The main operations covered in this BREF are illustrated in the figure below.

Associated activities:
*Power steam generation
s « Raw water treatment
-------- CHEMICAL PULPING ey « Waste water treatment
(KRAFT AND SULPHITE) + Waste handling
« Storage and handling of chemicals

Paper
1 ted pull 3
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process units

The main operations covered by the descriptions are:
*  Chemical pulping
= Kraft (sulphate) pulping process
=  Sulphite pulping process
*  Mechanical and chemi-mechanical pulping
= Recovered paper processing with and without de-inking
» Papermaking and related processes

Upstream processes such as forestry management, production of process chemicals off-site and
transport of materials used and downstream activities, such paper converting and printing, are
not included in this BREF. The latter nevertheless have an influence on the quality of the
recovered paper and the processes for preparation of used paper products.

There are also a number of environmentally relevant processes and operations, which do not
specifically relate to the pulp and paper production and so will only be mentioned briefly in this
document. These include:

* Occupational safety and hazard risk * Storage and handling of chemicals
¢ Raw water treatment ¢ Cooling and vacuum systems
* Heat and power plants * Monitoring of emission
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Chapter 1

1 GENERAL INFORMATION

1.1 Paper consumption in Europe

In developed societies the use of a multitude of paper and board based products is everyday
reality for most people. Paper as we know it today has been in existence for over two thousand
years, and is competing successfully with modern electronic information media and advanced
plastic and composite packaging materials. A look at the main functional uses of paper and

board shows the diversity of products.

Functional Typical grade Typical end Important trends
use products
Information - Newsprint - Newspapers Increased use of multicolour
- collection - Coated and uncoated - Journals printing and copying;
- distribution magazine (SC and LWC) | - Books Electronic media taking over
- storing - Coated and uncoated - Computer printouts | banking and trading
woodfree printing and - Xerographic copies | documents;
writing - Inserts Increased recycling as raw
- Illustrations material,
Increased use of additives.
Packaging - Liner - Bags Increased use for distribution
-transportation | - Sack - Boxes of food,
-distribution - Corrugating medium - Wrappings General increase in recycling
-protection - Folding box board - Containers of packaging materials;
- Liquid packaging board Increased use of composites.
- Wrapping
Hygienic Tissue - Toilet tissue Use increases with general
- personal care | - dry crepe - Kitchen towels living standard;
- cleanliness - wet crepe - Facial tissue End of the chain for the
- disease - Napkins recycling of fibres.
prevention - Hand towels Use of virgin fibre for top-end
- Hospital clothing products
- Wipers
Speciality - Official papers - Notes An ever-increasing number of
- a great - Filter paper - Stamps new applications.
variety - Fire resistant papers - Air filters
- Coffee filters
- Baking paper

Table 1.1: Functional use of paper and board
[Finnish BAT Report, 1997, modified by EIPPCB]

A trend not shown above is that more and more functions in many products are combined, such
as printing on packages and towels.

The consumption of paper and board is strongly related to living standards and over long-term
periods there is a strong correlation between the increase in the consumption of these products
and the growth in the GNP (Gross National Product). As is shown in Table 1.2 there is a
considerable variation in the world-wide consumption of paper per capita. Even within Europe
there are big differences. The European countries with the highest paper consumption are
Germany (23.4%), United Kingdom (17.5%), France (14.3%), Italy (12.6%), Spain (7.9%) and
Netherlands (4.8%). It is expected that EU countries that are now below the EU average would
increase their paper consumption to reach the present average. It can be predicted that paper
manufacturing will be a growth industry for years to come.
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Region Country Consumption of paper | Paper consumption in
per capita [kg/year] ¢ 95 1000 t (1995)

Western Europe 171 65834
Austria 192 1550
Belgium 237 2663*
Denmark 214 1134
Finland 175 896
France 164 9631
Germany 194 15821
Greece 82 857
Ireland 102 361
Italy 140 8076
Luxembourg 168 * see Belgium
Netherlands 201 3120
Norway 176 756
Portugal 82 802
Spain 129 5147
Sweden 210 1857
United Kingdom 194 11288

Eastern Europe 19
USA 332 87409
China 22 26499
Indonesia 14 no data
Japan 239 30019
Brazil 35 5433
Egypt 9 No data

Total world 49 276231

Note:

* There was only a common figure for Belgium and Luxembourg available

Table 1.2: Consumption of paper per capita 1995
[Pulp and Paper International (PPI), 1996], [Verband Deutscher Papierfabriken, Papier ¢ 97]

1.2 The European Pulp Industry

Europe plays an important role in the global pulp and paper industry; it is the second largest
producer and consumer of paper and board, North America being the leader. Its role in pulp
production is significant — the annual production of woodpulp is about 35 million t/a the amount
produced representing about 1/5 of the world’s total supply.

The pulp supply consists of market pulp producers and of companies using the bulk of their
pulp output in their own integrated paper production and selling only the remaining part to the
open market. In Western Europe, market pulp is supplied by a few large mills in Finland,
Sweden, Portugal, Spain, Austria, Belgium and France. With respect to market pulp bleached
kraft is the dominating grade making up more than three-quarters of whole production of 9
million tonnes. Of that, only 11.4 % sulphite pulp, 7% mechanical and semi-chemical pulp and
3.2% unbleached sulphate pulp were delivered to the open paper market.

Finland and Sweden are major producers of softwood and hardwood pulps, Portugal and Spain
providing significant amounts of hardwood pulp grades. Practically all bleached softwood kraft
pulp and nearly 90% of the bleached hardwood pulp used in Central Europe is market pulp.
Some 3.5 million t/a of pulp come from Finland and Sweden, whereas Portugal and Spain
export approximately 1.5 million tonnes of pulp annually to EC countries. The four biggest
markets for market pulp are Germany, France, Italy and U.K.
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The main grades of woodpulp for papermaking in 1996 across Europe were bleached sulphate
(13 Mt/a corresponding to 40.8%) and mechanical & semi-chemical pulp (12.3 Mt/a
corresponding to 38.3%) followed by 4.1 Mt/a unbleached sulphate (12.7%) and 2.4 Mt/a
sulphite pulp (7.5%).

In terms of geographical distribution, Figure 1.1 and Figure 1.2 show how Sweden (30.2%) and
Finland (29.9%) dominate the amount of woodpulp for papermaking. Iberia accounts for 9.4%,
France for 8%, Norway for 7.0% and Germany for 5.6% of the woodpulp produced.

Total Pulp Production by grade across Europe
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Figure 1.1: An overview of the industry distribution across Europe for pulp production
[CEPI 1997, Annual Statistics 1996]

In Europe, relating to pulp grades most sulphate production (total: 67 mills) is located in
Finland and Sweden with Spain, Portugal, France and Austria making up the balance. Most
sulphite production (total: 24 mills) is located in Sweden, Germany, Austria and France with
some more in Italy and Portugal.

In Western Europe, there are 101 mills producing mechanical pulp locating mainly in Finland,
Germany, Sweden, France, Italy and Norway. The main producers of semi-chemical pulp (total:
23 mills) are Sweden, Finland, Norway and Italy.
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Size structure of Industry across Europe for Pulp Mills (1996)
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Figure 1.2: An overview of the mill size distribution across Europe for pulp production
[CEPI 1997, Annual Statistics 1996]

Sweden and Finland have most of the larger mills over 250000 tonnes per year capacity and
only a few small in the size range of less than 10000 tonnes per year. The average size of pulp
mills in Western Europe is 180000 t/a [PPI, 1996]. Of the 222 pulp mills in Western Europe 74
are producing market pulp.

Besides virgin fibres, approximately 30 million t/a of recycled fibre — this corresponds to about
45 percent of the total fibres used for papermaking - are used in Western Europe. The utilisation
rate is relatively high in newsprint (49%), tissue and other hygiene papers (66.9%), liner and
fluting (85.9%) and cartonboards (52.2%). The production of recycled fibre is large in countries
with a high population density and high per capita consumption, such as Germany, France, Italy
and the Netherlands as shown in Figure 1.3. About two thirds of the recovered paper is used for
non de-inking purposes (22 Mt) and about one third of the recovered paper (10 Mt) is used for
de-inked paper grades like newsprint, other graphic papers and hygienic papers.
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Total Recovered Paper Utilisation* across Europe
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* Utilisation means quantity of recovered paper of any kind put into the pulper at the paper mill

Figure 1.3: Recovered paper utilisation in Europe 1996
[CEPI, Annual statistics, 1996]

1.3 Geographical Distribution of the European Paper Industry

European paper production in 1996 totalled about 75 million tonnes, which corresponds to
approximately a quarter of the world’ s total paper and board production. The term paper covers
paper and paperboard of all grammages. The main paper producers are Germany (20.2%),
Finland (14.2%), Sweden (12.4%), France (11.7%), Italy (9.6%) and UK (8.5%). In 1996 total
exports amount to 41 million tonnes, imports come to 34 million tonnes (the figures of this
section are mainly derived from [CEPI, Annual Statistics 1996]).

From the whole paper production about 40% was packaging; 13% was newsprint; 38% was
other graphic papers (writing / printing) and 6% tissue. About half of the writing and printing
production was coated (12.8 Mt/a).

The main producers of graphic papers are Germany and Finland followed by Sweden, France,
Italy and U.K. Newsprint production has traditionally concentrated in Finland and Sweden. The
increased use of recycled fibres by the Central European producers has caused the location of
industry to shift to the large consumer centres, such as Germany. Due to the nature of newsprint
as a commodity paper grade, production units are large per machine capacity, amounting to an
average of 145000 t/a in total Western Europe.

Wood-containing printing and writing papers are mainly produced in Finland and Germany,
which together account for approximately a 60% share of total production. Wood-containing
papers are supplied by large-scale integrated mills.

In the manufacturing of woodfree printing and writing papers Germany, France, Finland, Italy,
Sweden, Austria play the leading role with remarkable amount of paper produced in most other
European countries. The majority of the market consists of a small number of concentrated
producers.
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Major producers of liner and fluting are Germany and France. They represent approximately
35% of total production. Recycled-fibre-based production, concentrating in Central Europe has
grown more rapidly than virgin fibre based production.

For manufacturing of cartonboards both recovered and virgin fibres are used as raw material.
Recycled fibre-based grades are dominantly supplied by the region of Central Europe, whereas
the virgin fibre based folding boxboard and liquid packaging board production is concentrated
in the Nordic countries. Production capacity consists of rather small mills and machines, the
average machine capacity amounting to 33000 t/a, except for the mills located in Finland and
Sweden, with an average machine capacity of 110000 t/a.

Tissue production is concentrated in four countries with France, Germany, Italy and the UK
producing over 70% of Europe’s tissue. Although there are over 60 companies in total
producing tissue, three multinationals dominate; two American and one Swedish, with over
60% between them. There are still many small companies producing 10000 t/a or less, which
are private or family owned businesses. The average machine size is very small, approximately
19000 t/a.

Figure 1.4 and Figure 1.5 show how paper manufacturing is more widely spread across Europe
than the pulp mills.

The Figure 1.4 distinguishes graphic papers (newsprint, uncoated mechanical, uncoated
woodfree, coated papers), sanitary and household papers (tissue and other hygienic papers) and
packaging papers (case materials, folding boxboard, wrapping up to 150 g/m” and other papers
mainly for packaging).

Size structure of industry across Europe for Paper Mills (1996)
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Figure 1.4: An overview of the industry distribution across Europe for paper production
No data was available on the size structure for the Greek paper mills [CEPI 1997, Annual Statistics
1996]
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Total paper production by main grades across Europe (1996)
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Figure 1.5: An overview of the mill size distribution across Europe for paper production
[CEPI 1997, Annual Statistics 1996]

The total amount of paper mills in Western Europe accounts for 1064 most of them located in
Italy, Germany, France and Spain representing together 679 mills. Only 66 very large mills are
found in the category of >250000 tonnes per year but 342 mills in the small category of less
than 10000 tonnes per year. Compared to pulp production a relatively high number of small and
medium-sized paper manufacturing facilities are in operation.

About 30% of the paper mills are integrated with pulp production. Mechanical paper grades,
like newsprint, SC and LWC, are usually integrated with mechanical pulp and often buy only
small amounts of chemical pulp. Especially for recovered paper manufacturing the level of
integration is high; nearly all recovered paper mills include recovered paper processing, some of
them adding purchased pulp. However, fine paper production in Central Europe is mainly based
on purchased pulp i.e. has a high share of non-integrated industry, whereas in Nordic countries
paper mills have in many cases been built adjacent to a pulp mill.

Historically, pulp and paper mills were, and mostly still are located close to some body of water
as the availability of water plays a major role in the production process. Rivers were used to
generate the power needed for the pulping, to supply process water and as recipient for
discharges from the mills. The waterways were used for the transportation of both raw materials
and products. As consumption of paper and board increased, the size of the mills started to grow
and frequently mills were developed close to the raw material source. The global marketing of
pulp and the increased use of recycled fibre now tends to favour locating new paper mills close
to the market.
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1.4 Economic situation

Pulp and paper industries are going through a process of consolidation and globalisation, which
has not yet reached a more stable status. The concentration process will lead to a reduction of
companies. As a result of these moves, the industry’ s structure is changing markedly. In 25
years the number of paper machines in Europe has been reduced by about 60% while the total
capacity has almost doubled. Many companies have grown by investing in new capacity but
also by consolidating a large number of small obsolete paper and board mills. Thus, the
European Paper Industry comprises a relatively small number of very large multi-national
groups at one end of the scale yet a large number of small businesses at the other. The large
number of relative small sized mills has developed niche strategies on the market.

There has been a significant change in the ownership structure in the last 10 years. Typical
features in this development have been concentration of producers into bigger companies and
integration of paper mills with the overseas pulp producers into bigger companies and
integration of paper mills with the overseas pulp producers or acquisitions or financial co-
operation relationships between European and overseas manufacturers. Companies from the
United States, the Republic of South Africa or Indonesia have been integrated in or have
established closer business relationships with European paper and board manufacturers.
Likewise, there have been more regional and local integration trends inside some countries like
Sweden and Finland. This reflects the global nature of the pulp and paper business today. By
2010 it is anticipated that the major markets of the USA, Europe and Japan are joined by Asia
and in particular China and Indonesia. Southeast Asian markets are likely to grow and lead the
world’ paper consumption. International trade in paper and papermaking fibre will probably
continue to be a feature of the industry with growth continuing in all main production regions.
The fastest growth will be seen in the paper and paperboard trade as countries with surplus of
fibre add value before exporting.

It is typical of the pulp and paper industry that extreme price variations occur e.g. the
fluctuations of the price of market kraft pulp resulting from over-capacities and simultaneous
temporarily demand drops. The price variation is not the same for all pulp and paper products.
The closer a company is to the ultimate consumer, the smaller the price fluctuations of the
product. For example, the price of pulp is much more volatile than that of tissue paper. The
smaller the transactions and the smaller the customer the smaller the variations tend to be.

The overall demand for paper and board generally shows an upward trend with world-wide
paper consumption increasing from 30 million tonnes in 1946 to 214 million tonnes in 1987.
The rate of increase since 1987 was slightly reduced and world-wide total paper consumption in
1996 was approximately 280 million tonnes. Whether this growth will continue largely depends
on developments around the world but the paper and board industry expects an average annual
growth of about 3 percent up to the year 2010 although the changes would not be expected to be
the same for different paper types.

Dominating pulp producers are the industrialised countries of the Northern Hemisphere, i.e.
USA, Canada, Sweden, Japan and Finland. In Europe, Finland and Sweden, in particular,
largely rely upon the revenue from exports of pulp and paper products. This is due to the high
"nativeness" of these products i.e. very little import is needed in order to support the production.

1996 the Western European pulp and paper industry gives work to about 260000 employees i.e.
arithmetically one person employed manufactures about 280 tonnes of paper per year. This
marked the paper industry as a very capital-intensive branch.
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1.5 Environmental issues of the pulp and paper industry

The pulp and paper industry has historically been considered a major consumer of natural
resources (wood) and energy (fossil fuels, electricity), including water, and a significant
contributor of pollutant discharges to the environment. However, in regions with a well-
developed pulp and paper industry, by means of a number of environmental measures for
improved emission control, internal as well as external ones, the emissions have typically been
reduced by 80-90% or more on a specific basis since about 1980.

For pulp mills the main raw material is a renewable resource (wood). In some countries
methods of sustainable forestry have been implemented. In 1996 the overall consumption of
pulpwood used for pulping in Western Europe was 119.5 millions m’® (solid under bark). The
consumption of raw materials for papermaking accounted to 81.6 Mt of which 45.9% were
woodpulp, 39.3% recovered paper, 14.3% non-fibrous materials (like fillers, dyes etc.) and
0.5% other pulp (cotton, linen, bark, hemp, jute, straw and rags).

There is a development to close up water circuits in pulp and paper mills and a further reduction
of discharges can be expected (towards effluent free mills). However, today there are no kraft
mills operating full time, which completely recover all bleach plant effluent. One CTMP mill, a
Na-based sulphite pulp mill and a few producers of corrugating medium and testliner using
recycled fibre have realised zero effluents to water.

Since a few years, there is a debate about minimum-impact pulp manufacturing [Axegard,
1997]. This minimum-impact mill stand for a concept with a broader range of issues and
challenges covering minimisation of resource consumption and emissions, minimising cross-
media effects, taking into account economic aspects and working environment.

In recent years, pulp mills caused serious emissions of sulphur (acidification) but during the last
years especially the sulphur air emissions has been reduced considerably by large progresses of
process technology. The recycling of fibres of used paper in Western Europe has reached a quite
advanced level and for some paper grades a further increase may be expected. The recovery of
energy from wastes from pulp and paper manufacturing processes (rejects, sludge) is possible
thereby avoiding a waste disposal problem. But in this respect there is still a high potential for
increased use of efficient on-site techniques. For chemical pulping no external energy is needed
but the total demand of process energy is still on a high level. Mechanical pulping is the most
energy-intensive process because of the electricity demand of the refiners. Also recovered paper
processing and papermaking are energy-intensive processes. This is caused by the fact that for
papermaking the solid content of a dilute suspension of fibres and possibly fillers has to be
brought to about 95% solids as a typical dry solid content in finished papers by means of
pressing and drying (evaporation of water).

During the period before the 1970-1980s the pulp and paper industry caused substantial
wastewater discharges into receiving waters. The effects observed were sometimes of dramatic
character with oxygen depletion and fish kills. From the end of the 1970’s until recently, the
main emphasis was put on the role of chlorinated substances formed in the bleach plant. Dioxins
and Furanes had been detected in some effluents of pulp mills and the public discussion
focussed on the harmful effects of chlorine bleaching. The public concern about the potential
environmental hazard imposed by the use of chlorine in the bleach plants has brought about a
drastic decrease in the use of molecular chlorine as a bleaching chemical during the last decade.
The environmental control authorities in many countries have set severe restrictions on the
discharges of chlorinated organics measured as AOX into the aquatic environment. A reduction
of AOX was achieved by a combination of several measures: The use of molecular chlorine has
been largely replaced by chlorine dioxide and introduction of other oxygen-containing
chemicals such as molecular oxygen, peroxide and ozone. Due to the strong reduction of the
chloride content of the effluents a closure of the mill system and recycling of the bleach plant
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effluent back to the chemical recovery system of the mill has been made possible. The reduction
of both chlorinated and non-chlorinated organic substances in the effluents of pulp mills has
been achieved to a large extent by in-process measures as for instance: increased delignification
before the bleach plant by extended or modified cooking and additional oxygen stages, spill
collection systems, efficient washing, and stripping and reuse of condensates. Another
contributing factor to the decreased emissions of AOX and unchlorinated toxic organic
compounds into receiving waters, was the installation of external treatment plants of different
designs.

In order to comply with market and environmental demands the current trends within the pulp
and paper industry is toward increased closure of the bleach plants either by using ECF
(Elementary Chlorine Free) or TCF (Totally Chlorine Free) bleaching of pulp.

In paper mills an increased reuse of treated process waters by implementing production-
integrated advanced wastewater treatment systems will be allowed. Wastewater discharges,
environmentally friendly handling of wastes, energy saving and recovery and locally smell from
kraft pulp mills are expected to remain also future priorities of environmental actions in pulp
and paper industry.

1.6 Overview of pulp and paper manufacturing

Paper is essentially a sheet of cellulose fibres with a number of added constituents to affect the
quality of the sheet and its fitness for intended end use. The two terms of paper and board (No.
6.1 b, Annex 1 of the IPPC-Directive) generally refer to the weight of the product sheet
(grammage) with paper ranging up to about 150 g/m” and a heavier sheet regarded as board
(paperboard).

The pulp for papermaking may be produced from virgin fibre by chemical or mechanical means
or may be produced by the re-pulping of recovered paper (RCF). In the pulping process the raw
cellulose-bearing material is broken down into its individual fibres. Wood is the main raw
material but straw, hemp, grass, cotton and other cellulose-bearing material can be used. The
precise composition of wood will vary according to the type and species but the most important
constituents are cellulose, hemicelluloses and lignin.

Wood naturally contains around 50% water and the solid fraction is typically about 45%
cellulose, 25 % hemicelluloses and 25% lignin and 5% other organic and inorganic materials. In
chemical pulping, chemicals are used to dissolve the lignin and free the fibres. The lignin and
many other organic substances are thus put into solution from which the chemicals and the
energy content of the lignin and other organics may be recovered. The extent of this recovery is
dependent upon the chemical base used and the process configuration. In mechanical pulping
processes mechanical shear forces are used to pull the fibres apart and the majority of the lignin
remains with the fibres although there is still dissolution of some organics.

Pulps produced in different ways have different properties, which make them suited to particular
products. Most pulp is produced for the purpose of subsequent manufacture of paper or
paperboard. Some is destined for other uses such as thick fibreboard or products manufactured
from dissolved cellulose.

Paper produced by the use of recovered paper as fibre source will involve some cleaning of
contaminants prior to use and may involve de-inking depending upon the quality of material
recycled and the requirements of the end product the recycling process. The fibres are reusable a
number of times depending on the quality of the recycled material and the purpose of the end
product. The paper product may also comprise up to 45% of its weight in fillers, coatings and
other substances.
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There are many different products produced by the papermaking industry and can be broadly
categorised as follows:

. Newsprint . Packaging paper boards*
. Uncoated printing and writing papers . Liner and fluting

. Coated printing and writing papers . Tissue

. Packaging papers . Speciality papers

* From high quality finished cardboard to a range of qualities of cardboard packaging

Each of these categories demands specific properties of the product and the most appropriate
manufacturing route to these products may differ substantially. For instance, newsprint is a
product required in high volume on a regular basis but is only required to have moderate
strength, opacity, printability and a relatively short life. Thus a manufacturing route which
involves a high yield of pulp at the expense of maximum achievable strength, brightness and
texture can contribute to the efficient use of raw materials.

In contrast, the critical quality of packaging papers is their strength if they are to be fit for their
intended use. In this case it is necessary to accept a lower yield inherent to a different
manufacturing route in order to achieve this strength. Printing and writing papers need a
different balance of brightness, texture and strength, and some can be required to last for great
many years. Tissue papers are made to have good dry and wet strength for their weight and
typically will be used once and not re-enter the fibre cycle.

1.7 Classification of pulp and paper mills

The high degree of process-integration in pulp and paper industry implies that the concept of
BAT must be related not only to separate processes, systems or lines, but also to the whole
integrated units. For instance, in order to reduce effluent volumes, water has to be recirculated
typically from the paper mill to the pulp mill in addition to internal loops in both parts of a mill.

At the same time, a certain product may be manufactured through various different processes
and systems and it may be equally relevant to compare such different options, although based
on quite different processes, when considering BAT. For instance, newsprint may be
manufactured from several different pulp sources such as stone groundwood (SGW),
pressurised groundwood (PGW), thermomechanical pulp (TMP), refiner mechanical pulp
(RMP), chemithermomechanical pulp (CTMP), sulphite pulp (Si), bleached softwood kraft pulp
(BSKP), and/or deinked pulp (DIP). Different furnishes will of course give rise to different
emissions.

As pulp and paper products are highly diverse and applied processes even for one and the same
product may vary greatly, many factors of production technology must be taken into account to
guarantee a high level of environmental protection. The best techniques for the pulp and paper
industry cannot be defined solely by describing unit processes. Instead, the whole installations
must be examined and dealt with as entities.

In a document supplied by Finland to the EIPPCB [J. Poyry, 1998 b], a proposal was made how
to classify the pulp and paper industry operating in the European Union by distinguishing the
technical properties of the installations and their product range. Following this proposal, the
technically diverse installations in the EU area are presented using a grouping of 9 main classes.
This classification scheme is product-orientated i.e. distinguishes BAT for different pulp and
paper products.

In Figure 1.1 the relationship between the amount of mills and capacities on a European level
according to this classification is illustrated.
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Figure 1.6: Capacities versus amount of mills in Europe
[According to J. Poyry, 1998; changes made by EIPPCB]. In this study the 9 main classes of the
classification scheme are further subdivided in 33 subclasses according to different end products

However, In the European paper industry there is a trend to use a mixture of raw materials as
fibre furnishes (e.g. mixture of different types of virgin fibres and recovered fibres). There are
also a lot of mills in Europe that are only partly integrated or use fibre mixtures, which are not
covered by the proposal. For example there are tissue mills using 10%, 20%, 30% and so on till
90 or 100% of recovered fibres. These mills can not only be described on a product-orientated
level. Furthermore, several of the mills are conglomerates giving problems in allocating the total
discharges to the different pulp and/or paper types produced when they are not strictly described
on a process level as proposed within the BREF.

The process of pulp and papermaking consists of quite many stages. Besides the fibrous
material different chemicals and a great amount of water and energy in the form of steam, fuel
oil or electric power is required in the process. The wide range of processes involved in the
manufacture of pulp and paper can be broken down into a number of unit operations for the sake
of discussion. A sequence of operations can be described from raw materials to product but
individual processes will not involve all the operations and some are mutually exclusive
alternatives.

Bearing in mind that there is no single right or wrong proposal but only reasonable and
manageable proposals preference were given to classifying the European Paper industry as
described below. To obtain clearer arrangements of the variety of processes involved, the most
important pulp, paper and board manufacturing processes are described separately for five main
classes that are described in separate chapters in this document. The main types of pulp and
paper manufacturing are sub-divided in several sub-classes. The proposed structure of the
European pulp and paper industry and the composition of the BREF are shown Figure 1.7. It
strikes after a description of the major differences of pulp and paper production from an
environmental-point-of-view:

12 Pulp and Paper Industry



Chapter 1

KRAFT PULP &

N PAPER MILLS .

(CHAPTER 2) Non integrated b!cachcd Integrated blcachcd' Integrated unblcachcd

kraft pulp mills kraft pulp and paper mills pulp and paper mills
(see also Chap. 6) (see also Chap. 6)
SULPHITE PULP &

— PAPER MILLS

(CHAPTER 3) Integrated bleached

sulphite pulp & paper
(see Chap. 6)

MECHANICAL I |

I PULP &
PAPER MILLS Non-integrated Integrated Integrated Integrated
(CHAPTER 4) CTMP pulp mills Newsprint mills LWC mills SC mills
(see also Chap. 6) (see also Chap. 6) (see also Chap. 6)
Integrated mills Integrated
without de-inking paper mills with de-inking
RECYCLED FIBRE (see also Chap. 6) (see also Chap. 6)
—  PAPERMILLS
(CHAPTER 5) —l |
Uncoated fine Coated fine Tissue mills based on Speciality papers based on
NON INTEGRATED paper mills paper mills purchased chemical pulp purchased chemical pulp
— PAPER MILLS
(CHAPTER 6) _l |

Figure 1.7: Classification of pulp and paper mills proposed by this document including cross-
references to the relevant chapters for those mills

The kraft pulping process is described in Chapter 2. Within kraft pulping emission levels
associated with the use of BAT for bleached and unbleached grades are distinguished. The BAT
emission levels for non-integrated and integrated kraft pulp mills are both given in this chapter.
The impact of the paper mill can be regarded as included for water discharges within the
uncertainties given. On the other hand, as paper drying is more energy consuming than pulp
drying figures for energy consumption and air emissions will differ between integrated and non-
integrated pulp mills. These aspects are discussed in this chapter. However, the corresponding
sections of the papermaking chapter (Chapter 6) have to be considered when determining BAT
for integrated kraft pulp and paper mills (available techniques for papermaking). Some process
steps of kraft pulping are similar for all ways of pulp manufacturing (e.g. wood handling,
drying) and are therefore described only once and references to other parts of the documents are
given.

The sulphite pulping process is described in Chapter 3. The sulphite process is much less
uniform (e.g. different bases and pH-values) than the kraft pulping process which makes it more
difficult to select BAT. The description is concentrated on the major sulphite pulping process in
Europe, the magnesium sulphite pulping. Some additional information on NSSC and dissolving
pulp will also be given in this chapter.

Mechanical and chemi-mechanical pulping is described in Chapter 4. Groundwood pulping,
TMP and chemi-mechanical pulping (CTMP) has been distinguished. Most mechanical pulping
is integrated with paper manufacturing. Therefore, the emission levels associated with the use of
BAT for both mechanical pulping and papermaking are given in the Chapter 4. However, the
corresponding chapter on papermaking (Chapter 6) has to be taken into account to identify the
techniques to consider in the determination of BAT for integrated mechanical pulp and paper
mills. Cross-references are given to other sections of the document to consider.
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Recycled fibre processing is described in Chapter 5. BAT associated levels for processes with
and without de-inking are distinguished thereby discussing some further differences in
recovered fibre preparation as for e.g. tissue, LWC/SC, carton-board. The emission levels
associated with the use of BAT presented are referring to integrated pulp and paper mills
because most recovered fibres based mills are integrated mills. The corresponding chapter on
papermaking (Chapter 6) has also to be taken into account. There, the techniques to consider in
the determination of BAT as far as papermaking is concerned are described. Cross-references
are given to the sections to consider.

Papermaking and related processes is described in Chapter 6 for the major paper grades being
manufactured in European paper mills. Paper manufacturing at a site of its own (non-integrated
paper mills) is dealt with in this separate chapter because, in numbers, most of paper mills in
Europe are those mills. There is a certain overlapping to integrated pulp and paper mills that
manufacture pulp and paper at the same site. Cross-references are given in those cases to the
relevant sections.

No specific information on techniques to consider in the determination of BAT for board
manufacturing was provided. Therefore, the document gives no separate description of the
production of board. From environmental-point-of-view, the most important differences are
between tissue and other paper grades and also between coated paper and board compared to
uncoated paper and boards. Thus the following grades where distinguished within Chapter 6:

- Coated printing and writing paper as for instance coated fine paper used for printing,
writing and copying

- Uncoated printing and writing paper as for instance uncoated fine paper.

- Tissue paper mills

- Speciality paper mills

This group (mainly woodfree paper grades) is at the same time the major types of non-
integrated paper mills in Europe. Of course, there are also integrated paper mills within that

group.

Speciality paper mills is an extremely diverse grouping, which covers a high amount of different
products. Speciality paper mills are often producing with more than one change of type per
working day. Many speciality paper mills are also non-integrated paper mills. Because of its
variety of products no emission levels associated with the use of BAT will be presented for
speciality paper mills. The different products have their specific "environmental problems". The
values and explanations presented in the BAT chapter should be taken as examples about
emission levels to be expected from some types of speciality paper mills. They are not regarded
as to cover the whole group of speciality papers completely.
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1.8 Presentation of BAT

To avoid repetition, some general remarks on the selection of BAT apply across the pulp and
paper sector.

For describing best available techniques for pulp and paper industry the following aspects have
to be considered:

e There is no single reference of best available techniques in pulp and paper industry. In
contrast, the list of techniques to consider in the determination of BAT provides a lot of
different options of an overall BAT for given mills, which may be combined in different
ways.

¢ The BAT-concept is process-related because the environmental impact is caused on this
level i.e. by different manufacturing processes as for instance cooking, bleaching, de-inking,
coating etc. The single processes, the raw materials used and the product properties to be
achieved determine the emission of a mill. That means when approaching the pulp and
paper industry different types of raw materials used and processes involved have to be
distinguished.

* As pulp and paper products are highly diverse and utilised processes even for one and the
same product may vary greatly, many factors of production technology must be taken into
account to guarantee a high level of environmental protection. For the pulp and paper
industry the best available techniques cannot be defined solely by describing unit processes.
Instead, the whole installations must be examined and dealt with as entities. BAT in pulp
and paper industry is linked to the environmental performance of mills.

e There are different options for suitable combinations of processes depending - besides other
things - on the product properties to be achieved. As a consequence, the process-oriented
approach has to be extended by a product-oriented concept i.e. the BAT approach must be
linked to the environmental performance of specific types of mills where specific products
are manufactured. Thus, in this document best available techniques are presented for major
mill classes separately (see Section 1.7).

Instead of single distinctive values the environmental performance of paper mills is expressed as
a range of values. This reflects that the manufacturing of different paper grades requires
different quantities and qualities of raw materials (e.g. kraft pulp, different groundwoods,
mixture of furnishes etc.), with the consequence that emissions per end product are of different
levels. To a certain extent, higher emissions caused by the use of more polluting raw materials
or processes respectively can be compensated by higher efforts for pollution prevention and
control. Presenting ranges considers also that emissions vary with time to a certain extent, e.g.
between years, even if the same techniques have been used.

There may be a numerous number of mills that have concentrated first on emissions to water
and water consumption and then on air achieving very good performance in the former. They
might be less performing in solid waste reduction. But following the objective of IPPC mills
should try to run and control the whole system in an integrated manner to reduce emissions and
the impact on the environment as a whole. Following the integrated approach it is evident that
BAT levels can be achieved in different ways, i.e. there are several options to achieve similar
emission levels.

The final choice of a suitable combination of pollution prevention and control measures is
generally somewhat different in existing mills and new mills. Furthermore, for existing mills the
installation of BAT is in general more expensive. This is due to limitations in changing already
fixed lay out solutions, retrofitting costs when the plant is in full operation (downtime costs) and
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the fact that some techniques may be used a shorter time period than within new mills (shorter
depreciation time). But beyond that and except of possible limitations in space for existing
mills, the best available techniques given below are, if not stated otherwise, applicable to
existing and new mills.

It should be noted that the lack of harmonisation in the methods of analysis used in Europe and
the variations in the utilised process systems and fuels make the direct comparison of the
emission levels between countries sometimes difficult. In the context of the information
exchange on BAT there is a need to improve the comparability of data concerning
environmental performance of mills.

In general prevention is the most effective and preferred measure to reduce emissions. Besides
prevention, emission reduction can be achieved by implementing technologies in the process.
Finally, there are a few end-of-pipe techniques for pollution control available.
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2 THE KRAFT (SULPHATE) PULPING PROCESS

The sulphate or kraft process accounting for ca. 80% of world pulp production is the most
applied production method of chemical pulping processes. The importance of the sulphite
process has decreased steadily over the last years. Today, only 10% of the world production are
obtained by this method. The term "sulphate" is derived from the make up chemical sodium
sulphate, which is added in the recovery cycle to compensate for chemical losses. In the
chemical pulping process the fibres are liberated from the wood matrix as the lignin is removed
by dissolving in the cooking chemical solution at a high temperature. Part of the hemicellulose
is dissolved as well in the cooking. In the kraft pulp process the active cooking chemicals (white
liquor) are sodium hydroxide (NaOH) and sodium sulphide (Na,S). As a result of the large
amount of sodium hydroxide used, the pH value at the start of a cook is between 13 and 14
(alkaline pulping process). It decreases continuously during the course of cooking because
organic acids are liberated from lignin and carbohydrates during the pulping reaction.

Today the kraft process is the dominating chemical pulping process worlwide due to the
superior pulp strength properties compared with sulphite process, its application to all wood
species, as well as to the efficient chemical recovery systems that have been developed and
implemented. But the chemistry of the Kraft process carries with it an inherent potential
problem of malodorous compounds.

As a result of chemical reactions in the cooking stage, chromophoric groups of the residual
lignin are formed thus causing the pulp to become darker in colour than the original wood.
Because of the higher pH, the Kraft pulping process induces more chromophores than sulphite
pulping and unbleached Kraft pulp has a considerably lower initial brightness than unbleached
sulphite pulp.
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2.1 Applied Processes and Techniques

Figure 2.1 gives an overview of the processes of a kraft pulp mill [SEPA-Report 4713-2, 1997].
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Figure 2.1 Overview of the processes of a kraft pulp mill
[SEPA-Report 4713-2, 1997]. Often there is a screening after bleaching, too

A kraft pulp mill can be divided into four main parts: raw material handling, chemical
defibration (delignification) with almost completely closed chemical and energy recovery
system, bleaching with an open water system and the process external wastewater treatment
system. Another more conventional division is the fibre line, recovery system and external
wastewater treatment. Some auxiliary systems like reject handling, manufacturing of bleaching
chemicals and auxiliary power generation are connected to the main departments.

2.1.1 Reception and storage of wood

Wood may be received as logs directly from the forest or as by-product chips from some other
wood working industry like sawmills and plywood mills. Logs are mainly delivered with the
bark on and have to be debarked before further processing. Chips are normally free of bark and
can be used after screening and possibly washing. The wood is transported to the mills by ship,
truck or rail but also to a limited extent by floating logs to the mill site. Where the latter is used,
there will be some leaching of resin acids and nutrients while the wood is in contact with water.
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Mechanical pulping techniques may use either logs or chips but chemical pulping techniques
will always use chips. The objective in chipping is to form uniform sized chips, which will
result in a better pulp product. Some chemical pulp mills store wood chips in piles for up to 40
days during which time there is some degradation of extractives within the wood by oxidative
and enzymatic mechanisms. The pile of wood chips can become quite warm during this
maturation period. Storage for greater than 40 days would be expected to reduce the subsequent
fibre yield. Mechanical pulping on the other hand requires fresh wood and in all cases it is
desirable to maintain the moisture content of the wood.

2.1.2 Debarking

The most common method for debarking is drum debarking. Bark is removed as the logs rub
against each other when made to tumble by the rotating action of the debarking drum. Loose
bark and wood sticks fall from the drum through special chutes. Debarked logs are showered
with water before being delivered to the pulp mill.

The wet debarking process uses large volumes of water. In recent years “dry” debarking has
been installed in many mills. Dry debarking give bark with lower water content, which will
result in a better energy balance for the mill if the bark is burnt.

In Nordic Countries frozen logs and snow are thawed before debarking. This can be done in the
debarking drum with hot water or steam or on special de-icing conveyors before the debarking
drum.

Bark from the debarking unit is typically fed into a bark shredder and, if wet, pressed for
burning. Some alternative uses for the bark exist and in some cases it is sold off site but the
sheer volume involved in large installations favours on site disposal and energy recovery.

2.1.3 Wood Chipping and Screening

For chemical pulping processes the logs are reduced to chips in a chipper. A uniform chip-size
distribution is necessary for the efficiency of the processes and for the quality of the pulp. The
more uniform the chips are after the chipper, the lower the raw material consumption. After the
chipper station the chips are screened in order to remove oversized chips and sawdust. However,
sawdust can also be cooked together with chips or separately in a sawdust cooker, or it can be
burnt or used for other purposes. Oversized chips may go for re-processing in a crusher or re-
chipper. Chips are screened for thickness, as this is a critical parameter both in chemical and
mechanical pulping. Often the overall optimum is reached by sacrificing some raw material to
secure stable processing conditions, which, in turn, promote better pulp quality and less
pollution. The material removed in the screening operation can be sold for other purposes or
burnt in a solid fuel boiler with the heat recovery.

2.1.4 Cooking and delignification

In the Kraft process the fibres are liberated in the cooking plant by dissolving the lignin and part
of the hemicellulose in the cooking chemical solution (white liquor), which contains sodium
hydroxide and sodium sulphide as active chemicals. When the final product is unbleached pulp,
the cooking is the only delignification stage.

The cooking process can be performed either in batch digesters or in a continuous digester.
When using batch processes, in the cooking stage the wood chips and the liquors are charged
into a batch digester where the cook is carried out in elevated temperature and pressure. When
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the desired residual lignin content (measured as Kappa number) is reached, the contents are
discharged to a blow tank and the cooking cycle is repeated. The amount of lignin that remains
in the pulp can be determined approximately by multiplying the kappa number by the factor
0.165 [Uhlmann, 1991] i.e. a kappa number of 30 relates to about 4.95% residual lignin.

The cooking can also be carried out in a continuous digester (see Figure 2.2) where the
wood/chemical charge and retention time as well as the temperature in the cooking zone defines
the resulting lignin content. The chips are pre-heated by steam before entering the continuous
digester in order to remove air, which interferes with the impregnation. After entering the
digester, the chips are impregnated with cooking liquor and the temperature raised to 155 -
175°C. The cooking time at the maximum temperature is in the range of 1-2h. In conventional
cooking the delignification of softwood (spruce or pine) can be brought down to a Kappa
number of 30 - 35 whilst maintaining acceptable pulp strength properties. For hardwood
(aspen, birch and eucalyptus) the Kappa number can be brought down to 14 - 22 [CEPI, 1997].

it
Chips
Black liquor
Pulp
White liquor e
Washing liquor

Figure 2.2: Continuous digester

As a result of the poor bleachability of kraft pulps and the pollution caused by pulp bleaching,
several cooking modification methods have been developed with the aim of removing more
lignin from the wood during cooking without reducing the yield. The Kappa number from the
cooking of softwood can be reduced to a level of 15 - 25 through extended delignification
[Finnish BAT report, 1996], while the yield and strength properties are still maintained. This
means that 25 - 50% less lignin is left in the pulp compared with pulp that has a kappa of 32.
The requirements for any subsequent bleaching chemicals are, therefore, reduced and the
effluent discharges from the bleaching plant are decreased. Comparable kappa reductions can
be achieved in the cooking of hardwood (see also 2.1.6).

2.1.5 Washing and screening

The pulp coming from the digester contains both fibres and spent cooking liquor (black liquor).
About half of the wood is dissolved in the cooking. Consequently the black liquor contains
inorganic chemicals and a large amount of organic substances. The black liquor is removed
from the pulp in the subsequent washing and led to the chemical recovery system, where
cooking chemicals and energy are recovered.
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The dissolved organic substances together with the spent cooking chemicals are washed away
from the cellulose fibres in the brown stock washing stages. Modern systems normally recover
at least 99% of the chemicals applied in the digester. Washing the pulp coming from a
conventional batch digester plant is normally carried out with drum washers, while a continuous
digester plant utilises the Hi-heat wash zone in the digester with additional drum washers or
diffuser washers. In today's batch as well as continuous cooking fibrelines, washing starts
already in the digester by displacing hot black liquor with cold wash liquor. Subsequent
washing is carried out in various types of washing equipment, e.g. vacuum drum washers, wash
presses, diffusers or wire type washers.

Efficient washing reduces the carry-over of black liquor with the pulp resulting in a decreased
consumption of chemicals in bleaching and reduced discharges from the bleaching plant.
Efficient washing reduces chemical consumption also in oxygen delignification. The outcome
of the washing is highly dependent on the efficiency of the equipment used, the outlet
consistency of the pulp and the amount of wash water applied. However, if washing is improved
by increasing the amount of wash water, the demand for steam will increase in the subsequent
stage to evaporate and concentrate the black liquor.

Wash presses and diffuser washers are especially effective in the removal of dissolved organic
substances, and this is one reason why wash presses have become more common, especially as
the last washing stage before bleaching. Washing with the longest delay can be achieved in a
diffuser type of equipment. Adding carbon dioxide to the wash water will improve the washing
effect.

Before further processing, the pulp is screened with pressure screens and centricleaners. The
objective of screening is to separate knots and fibre bundles from the main pulp stream with a
series of vibrating equipment, filtration through pressure screens and centrifugal separation of
fibres and other particles with different specific weights. Rejects from screening constitute a
further waste stream to be dealt with.

2.1.6 Oxygen delignification

After cooking, delignification can be continued by oxygen in one-stage or in two stages with or
without intermediate washing. Oxygen delignification can be combined with conventional and
extended cooking.

Oxygen delignification takes place in alkaline conditions. In order to maintain the sodium
balance of the mill, the oxygen stage normally uses the oxydised white liquor, where sodium
hydroxide is the main alkaline chemical and sodium sulphide has been oxidised to thiosulphate.
Due to relatively low solubility of oxygen to the alkaline liquor, the delignification reactor is
pressurised and the temperature is elevated to about 100 °C. In oxygen delignification
magnesium salt (MgSQ,) is added in order to preserve the strength of the pulp. The oxygen is
mainly purchased but also some on-site plants are in operation. Because of better selectivity and
lower investment costs the Medium Consistency (MC, 10-15%) system has dominated mill
installations for the past ten years but high consistency installations (HC, 25-30%) are in use as
well. Recently the industry has opted to install two-stage oxygen delignification systems to
increase the selectivity of the treatment. Oxygen delignification is usually an intermediate stage
in the pulp washing. The wash water is added onto the last washing stage after oxygen
delignification and led counter-current to the pulp flow. Washing after oxygen delignification is
usually done with one or two wash presses alone or in combination with some other type of
washer. The organic material that is dissolved during oxygen delignification can be recovered
and led to the chemical recovery system without major changes in the process. The recovery
reduces the amount of organic material ending up in the wastewater and the amount of
chemicals needed.
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The degree of further delignification is 40-50% in a one-stage system and can be up to 70% in a
two-stage system [Finnish BAT report, 96]. The Kappa number after conventional cooking and
oxygen delignification is typically 18-22 for softwood and 13-15 for hardwood without
extended delignification (CEPI, 1996). Depending on the wood species, oxygen delignification
with extended cooking can achieve a reduction in Kappa number to around 8 - 12. The overall
pulp yield might decrease by 1.5 - 2.5% and there is still lignin left that has to be removed by
other means when high brightness pulp is demanded. The table below summarises kappa
numbers currently achieved with different delignification technologies.

Delignification Technology Hardwood Softwood
Conventional Cooking 14 - 22 30-35
Conventional Cooking and Oxygen Delignification 13-15 18 -22
Extended Cooking 14 - 16 18 -22
Extended Cooking and Oxygen Delignification 8-10 8-12

Table 2.1: Kappa numbers currently achieved after different technologies used

The reduction of the Kappa of unbleached pulp (brown stock), whether it is achieved through
extended digester delignification, oxygen delignification or some other method, will reduce the
load of bleaching-plant pollutants that enter the external effluent treatment system. This is
because dissolved substances are piped to the recovery system and then burned in the recovery
boiler.

2.1.7 Bleaching

The purpose of bleaching chemical pulp is to obtain certain pulp quality criteria with respect to
brightness, brightness stability, cleanness and strength. The brightness of unbleached Kraft pulp
is rather low, below 30% ISO whereas fully bleached pulp has a brightness of 88% ISO or
higher. Cooking and oxygen delignification cannot remove all the lignin and to achieve this
brightness it is necessary to remove or oxidise the remaining lignin and impurities in the pulp.
The Kappa number after bleaching is reduced below 1 unit [CEPL, 1996]).

Whereas delignification can be carried out within closed water systems bleach plants tend to
discharge effluent to external treatment. These effluents from the bleach plant cannot easily be
recirculated into the chemicals recovery mainly due to the fact, that these bleach plant effluents
would increase built-up of chlorides and other unwanted inorganic elements to the chemical
recovery system which can cause corrosion, scaling and other problems. Nevertheless, there are
running projects on how to close up the bleach plant and some plants are operated with semi-
closed water systems.

The bleaching of kraft pulp is carried out in several stages, usually four to five. The most
commonly used chemicals are chlorine dioxide, oxygen, ozone and peroxide. Lately, peracetic
acid has become commercially available as bleaching chemical. Chlorine and hypochlorite have
largely been phased out as primary bleaching chemicals over recent years (e.g. PARCOM
Decision on the Phasing-Out of the Use of Molecular Chlorine (Cl,) in the Bleaching of Kraft
and Sulphite Pulp). Small amounts of chlorine are formed as a by-product in most of the
chlorine dioxide generation systems used, and a part of this chlorine will be present when
chlorine dioxide is used in bleaching. Chlorine dioxide and ozone have to be produced on site
(see Section 2.1.11). Peroxide, oxygen and alkali can be delivered to the mills.

Ozone is a very reactive bleaching agent whilst chlorine dioxide, oxygen and hydrogen peroxide
are less reactive. Because of the different reaction mechanisms different types of bleaching
chemicals are utilised in a bleaching sequence. Acid and alkaline stages are used to complement
each other.
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Peroxide bleaching is relatively slow and requires long reaction times and therefore large
reactor volumes or increased pulp consistency. Increased pressure makes higher reaction
temperatures possible, resulting in a reduced reaction time or improved bleaching outcome. It is
necessary to remove metal ions to avoid degradation of the hydrogen peroxide by using metal
chelating agents (i.e. EDTA or DTPA) or acid washing. An advantage with peroxide compared
with the other oxygen bleaching chemicals is that peroxide bleaching at optimal conditions
brightens the residual lignin.

Enzyme treatment before bleaching has been in use at some plants since 1991. It can be
combined with different bleaching sequences to enhance the effectiveness of the chemicals used
but typically results in a small loss of yield.

A bleach plant consists of a sequence of separate bleaching stages with different chemicals
added. Each bleaching stage consists of:

- devices for mixing the chemicals and the pulp

- ableaching reactor (upflow or downflow towers) designed with a suitable residence time for
chemical reactions

- washing equipment for separation of used chemicals, removed lignin and other dissolved
material from the pulp (drum washer or diffuser washer)

The bleaching stages are designed using symbolic shorthand according to the bleaching agent
applied:

Acid stage where chelating agent EDTA or DTPA has been used for removal of metals

Ozone using gaseous ozone (O;)

Alkaline stage with hydrogen peroxide (H,0,) as liquid

Chlorine dioxide stage using a water solution of chlorine dioxide (C1O,)

Extraction stage using sodium hydroxide (NaOH)

E/O  Extraction stage using sodium hydroxide with subsequent addition of gaseous oxygen as
a reinforcing agent

E/P  Extraction stage using sodium hydroxide with subsequent addition of hydrogen peroxide

solution as a reinforcing agent

Mmoo NO

Nowadays an oxygen delignification has become more and more common delignification stage
followed by bleaching sequence of D-E-D-E-D, D-E-D-D, D-EOP-D-E-D or QP-DQ-PO.

Some mills have responded to the market demands of Totally Chlorine Free (TCF) pulps by
modifying the bleaching sequence. Nowadays, TCF is an established technology. A number of
mills have the possibility of producing ECF- of TCF-pulps depending on the market situation. New
sequences have been and are being developed, such as Q-E/P-E-P, Q-Z-P-E-P, OP-ZQ-PO or OP-
Q-PO [CEPI, 1997].

The introduction of extended cooking and oxygen delignification have resulted to more efficient
recovery of organic substances and allowed also development of use of other chemicals in
bleaching and minimisation of use of chlorine chemicals. As a consequence, the total amount of
organic compounds and total amount of chlorinated organic compounds have been reduced
significantly.

The two main types of bleaching methods in use are so-called ECF (Elemental Chlorine Free
i.e. when no molecular or gaseous chlorine is dosed in the bleaching) and TCF (Totally Chlorine
Free) bleaching. ECF bleaching uses chlorine dioxide, alkali for the extraction of dissolved
lignin, peroxide and oxygen for the reinforcement of the extraction stages. TCF bleaching uses
oxygen, ozone or peracetic acid and peroxide with alkali for lignin extraction. Selectivity is
important as far as the total yield and pulp quality is concerned because high selectivity means
that the bleaching chemical is primarily reacting with the lignin. Chlorine dioxide and chlorine
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are the most selective bleaching agents and selectivity is better in the bleaching stage than in
cooking and oxygen delignification.

TCF bleaching requires a low incoming Kappa for the pulp (10 - 12) to attain full brightness and
good strength properties because of the power of the bleaching chemicals and fibre degradation
during bleaching although a final brightness of 89% ISO is achievable with TCF bleaching
without yield loss. A larger amount of residual lignin remains in TCF bleached pulp than in
ECF bleached pulp and this residue has to be stabilised to minimise yellowing after production.
ECF bleaching can be done on a pulp with a higher Kappa.

The discussion about ECF vs. TCF bleaching

Over the last 10 years there were an intensive discussion and research on the environmental
benefit of TCF compared to ECF. The evaluation of results of research and of synthesises of the
great amount of laboratory and model ecosystem tests as well as field studies with whole mill
effluents from bleached kraft mills (BKME) can be summarised as follows:

¢ The chemical composition of the effluent from modern kraft mills using low-kappa ECF or
TCF bleaching of oxygen-delignified low-kappa pulp has largely changed in comparison
with the situation 10-15 years ago, even if the operational standard of the individual mills is
of major importance for the amount and quality of emissions [SEPA Report 4785, 1997]

*  Modern mills with low-kappa ECF bleaching give very low emissions of chlorinated
organic substances and high-chlorinated phenolic compounds generally cannot be detected
in the effluent [ibid.]

* A comparison of toxic responses of bleach plant and whole mill effluents from mills using
different schemes for non-chlorine bleaching, i.c. low-kappa ECF versus TCF bleaching,
shows that neither technical concept invariably produces effluents with a lower toxic
potency [FEI, 1996]. No clear difference in the effect pattern and effect intensity between
effluent from mills using low-kappa ECF (chlorate reduced) and TCF bleaching has been
detected.

* Relative merits of low-kappa ECF versus TCF (or vice versa) are not consistent due to
different experimental strategies in test procedures and also to non-bleaching factors within
the different mills as e.g. the operational standard of the mill [ibid.]

* Secondary treatment of effluents usually tends to decrease the toxicity of the effluents and
according to model ecosystem studies effects on ecosystem level are mitigated after external
treatment [ibid.]

* Recent model ecosystem studies have indicated a correlation between effluent COD and the
effects observed. These findings suggest that it is not a question of whether to use ECF or
TCF as the choice of bleaching, but rather to improve the pulping operation in itself [ibid.].
Thus, the amounts of fatty acids, resin acids and sterols in effluent from modern kraft mills
are affected more by the fibre raw material or by contributions from the unbleached side
rather than from the bleaching process [SEPA Report 4785, 1997]

* A TCF bleaching sequence is the more advantageous alternative for further system closure.
However, the use of totally chlorine-free bleaching chemicals requires an extensive removal
of the metals (such as manganese, iron, copper ions) out of the pulp due to their negative
impact on the peroxide bleaching. This removal is usually effected by a chelating treatment
or an acid wash of the pulps. There is a discussion about the environmental compatibility of
chelating agents, because under normal conditions they are poorly biodegradable. There are
developments to reduce the disposal of filtrates from chelating stages into the environment
(see Section 2.5.3).
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2.1.8 Bleached Stock Screening

After bleaching there is generally a final screening of pulp. Secondary screening takes place
with the same type of equipment than the screening of unbleached pulp.

2.1.9 Drying

In an integrated pulp and paper mill, the pulp stock will be transferred forward to papermaking
in a wet state (at about 4% consistency) and the accompanying water forms part of the overall
water balance of the mill. For a non-integrated pulp mill where the pulp is not used for
manufacturing of paper at the same mill site the pulp will be first pressed and then dried for
transport. Drying machine consists of a wire part similar but simpler than wire part of a paper
machine for initial dewatering of the pulp. After dewatering stage the pulp is dried with steam in
a multi-stage drying part of the machine. After cutting into sheets bales for shipment are
formed.

2.1.10 Chemical and Energy Recovery System
The recovery system in a kraft pulp mill has three functions:

- the recovery of the inorganic pulping chemicals

- the destruction of the dissolved organic material and recovery of the energy content as
process steam and electrical power

- the recovery of valuable organic by-products (e.g. tall oil).

The fuel value of the recoverable black liquor is normally enough to make the kraft pulp mills
more than self-sufficient in heat and electrical energy. Organic by-products play a limited
economic role in most kraft pulp mills.

The main process units in the chemical recovery system are the evaporation of the black liquor
(cooking liquor and counter current washing liquor, incineration of the evaporated liquors in a
recovery boiler and causticizing, including lime regeneration.

An overview of the circuits of chemicals is presented in Figure 2.3 [BMU Austria, 1995]
illustrating the main process steps and their functions.
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Figure 2.3 Recovery cycles of chemicals for a kraft mill

Black liquor from pulp washing normally has a dissolved solids content of 14 - 18% which has
to be increased considerably before the liquor can be burnt. The liquor is concentrated in a
multi-effect evaporation plant to a dry-solids content of 65 - 75% but as the dry-solids content
increases, the viscosity of the black liquor increases and may become too high for pumping. At
atmospheric pressure the upper limit is about 72 - 74% DS but two different principles are used
to overcome the problem:

- pressurising the liquor, so that at a higher liquor temperature lowers the viscosity;

- changing the liquor rheology through a thermal depolymerization process.

The liquor can be concentrated to over 80% DS by using heat treatment on the strong black
liquor and pressurised evaporation. In heat treatment some of the combustible material
separates as non-condensable gases (NCG) which contain Total Reduced Sulphur (TRS). These
gases are collected and burnt together with other malodorous gases.

Condensates from the black liquor evaporators and the cooking plant will vary in their degree of
contamination according to origin but will typically contain TRS, methanol and some other
volatile organic compounds. They are treated in a stripper column that is normally integrated
with the black liquor evaporation by using secondary (or primary) steam. Stripping condensates
makes it possible to reuse the condensate in washing unbleached pulp and in the causticizing
plant.

The concentrated black liquor is burnt in the recovery boiler to recover the sodium and sulphur
content in a suitable chemical form to regenerate the pulping chemicals and recover energy from
the flue gases.

An increase in the dry-solids content of the black liquor from 65 - 70% to 80 - 85% changes the
material and energy balances and the burning conditions in the recovery boiler. The flue gas
flow decreases as less water enters the furnace. By increasing the dry-solids content to e.g. over
80% an increase in production or extended delignification with more efficient recovery of the
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black liquor can be possible in a mill where the recovery boiler is the production capacity
bottleneck. The combustion temperature increases with higher DS feedstock and causes more
sodium (Na) to be vaporised which then reacts with sulphur and reduces sulphur emissions from
the recovery boiler.

The smelt from the recovery boiler is dissolved in water or weak white liquor to produce “green
liquor” which consists mainly of sodium sulphide and sodium carbonate. The green liquor is
clarified and causticized with lime where sodium carbonate is converted to sodium hydroxide to
produce white liquor for pulping. Ash residues and other impurities are removed from the
process as green liquor dregs. The calcium carbonate lime mud from causticizing is separated
from the white liquor, washed and calcined in a lime kiln resembling somewhat a standard rotary
cement kiln to regenerate the lime. This calcination is a high-temperature, endothermic reaction,
requiring external fuel.

The handling and burning of black liquor with a high sulphur content releases sulphur into the
air as sulphur dioxide and malodorous gases containing reduced sulphur compounds such as
hydrogen sulphide (H,S), methyl mercaptan (CH;SH), dimethylsulphide (CH;SCH;) and
dimethyldisulphide (CH;SSCHj).

Strong malodorous gases are collected and generally burnt in a separate burner or in the lime
kiln. The latter is less favoured because it might upset the operation of the lime kiln. Flue gases
are in most cases treated through a scrubber, and the scrubber water is led back to the chemical
recovery system. Some Kraft pulp mills also collect weak malodorous gases to a varying
extent. Weak gases are emitted from chip pre-steaming, screening, pulp washing, the smelt
dissolver and tank ventilations etc.

2.1.11 Preparation of Bleaching Chemicals on site

The most commonly used chemicals for bleaching of chemical pulps are chlorine dioxide,
oxygen, ozone and peroxide. Chlorine dioxide and ozone have to be produced on site. Peroxide,
oxygen and alkali can be delivered to the mills.

2.1.11.1 Chlorine dioxide

Chlorine dioxide must be generated on site because it is unstable as a gas and can only be stored
as a solution of approximately 1% in water. The gas stable at typical process temperatures of 40
to 70°C and if the partial pressure of chlorine dioxide is kept below 100 mm Hg for at least five
seconds. Once absorbed into solution chlorine dioxide can be stored for several months in the
dark at -5°C without any gas space. Gaseous chlorine dioxide decomposes to chlorine and
oxygen and this decomposition is explosive at =300 mm Hg partial pressure.

There are a number of possible reactions to produce chlorine dioxide and some techniques can
produce up to 0.7 tonnes of by-product chlorine per tonne of chlorine dioxide whilst others
produce very small amounts. In pulp and paper industry chlorine dioxide is formed by acidic
reduction of the chlorate ion ClO5".

Sodium chlorate is the common commercial source of the chlorate ion, but the choice of
reducing agent has a great bearing on by-products and economics. Reducing agents, which have
been used, include the chloride ion, hydrogen peroxide, sulphur dioxide and methanol.

Techniques have evolved over many years in order to maximise the yield of chlorine dioxide
from the sodium chlorate, to minimise the formation of by-product chlorine and also to optimise
the generation of waste acids. The two main techniques, which produce minimal by-product
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chlorine, are the Matheson process that uses sodium chlorate, sulphuric acid and sulphur
dioxide; and the more recent SOLVAY derived R8 process, which principally uses sodium
chlorate, sulphuric acid, and methanol. Additionally some chloride ion is essential for the
generation of chlorine dioxide in all these processes. Table 2.2 gives an overview about
different chlorine dioxide generation methods.

MATHIESON [ R3 | R3H | RS R6 R7 R8 | LURGIR6
Input chemicals
(t/t CLO,)
NaClO, 1.75 1.6 | 1.68 | 1.75 1.68 | 1.65
NaCl 8 0.35 ] 0.03 1.08
H,SO, 1.30 1.1 0.80 0.40 | 1.10
HCl 51070 | 1.40
SO, 0.75 1.7 0.40
CH;0OH 3 0.15
Cl, 0.80
E1 power (MWh) 8.50
By products
(t/t C1Oy)
Na,SO,4 1.20 23| 1.20 1.60
H,SO, 1.60 0
NagH(SO4)2 1.30
Cl, 0 0.70 { 0.80 | 0.30 | 0.20 0 0.10
H, 0.7 0.05
NaCl 0 0.95
NaOH 0.70

Table 2.2: Chlorine dioxide generation methods in use in Finland
[Finnish BAT report, 1997]

It can be seen that only "Mathieson" and the so-called "R 8" technique does not produce
chlorine as by-product.

Ideally any by-product sodium and sulphur from the generation of chlorine dioxide could be
taken into the pulp mill as make-up chemicals and there would be very little or no effluent.
However, if sodium or sulphur is produced in excess of the mill make-up requirements, they
have to be removed from the process (see also Section 2.2.2.5).

A potential problem when ClO, is used is the formation of chlorateAbout 10% of ClO, as active
chlorine shows up a chlorate. This means that about 4-6 kg of chlorate is formed per t of pulp at
ECF-bleaching at kappa 18. Chlorate is toxic to bacteria and plankton at levels of about 3-4
mg/l. In addition is inhibits growth of brown algae, e.g. bladder wrack, at concentrations from
about 20 micrograms/l. The reason being that when N is the limiting factor for growth, algae
take up chlorate, which is a known herbicide, instead of NO;".

2.1.11.2 Ozone

Ozone is produced from dry air or oxygen by the application of high voltages (10 - 20 kV)
across two electrodes separated by the reactant gas. Ozone is not very stable and the yield of
ozone is fairly low with a high level of unreacted oxygen expected in the product gas. A
modern ozone generator fed with oxygen uses about 10 - 15 kWh/kg O generated.
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2.1.11.3 Other bleaching chemicals

Other bleaching chemicals are bought in ready for use - Hydrogen Peroxide as 50% solution;
Dithionite as a solid. Oxygen is mainly purchased but there are a few mills in Europe, which
generate oxygen on site. In a few pulp mills in TCF-bleaching sequences peracetic acid is used
as bleaching chemical. For the production of peracetic acid about 3 kWh electricity /kg of
product is required.
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2.2 Present Consumption/Emission Level for Integrated and
Non-Integrated Mills

2.2.1 Overview of input/output

An overview of the raw material and energy input as well as the output of products, by-products
and the major releases (emissions, waste etc.) of the production of kraft pulp is presented in

Figure 2.4.
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—process water
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03, MgS0O,, CaO

Peracetic acid

. X .
Kraft Pulp mill
Wood- Cooking| Screening| Washing | O,-deligni-
handling fication Pmdulitst ]
* — market pu
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— dregs, lime mud
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— green liquor sludge

— primary and biosludge

— others

— wood waste, bark, rejects
— cleaning and mixed household type waste

— small amounts of hazardous waste

Figure 2.4: Mass stream overview of a kraft pulp mill.
The presence of some substances depend on the way of delignification and bleaching
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The subsequent sections present specific consumption data, as well as specific emission data for
individual operational steps associated with kraft pulp manufacturing.

2.2.2 Consumption and emission levels arising from process units

In kraft pulping the wastewater effluents and the emissions to air including malodorous gases
are the centres of interest but in the next years it is also expected that waste will become an
environmental issue of concern. The most relevant consumption of raw materials and emissions
to water, air and soil (waste) as well as energy aspects are discussed below covering the
following aspects:

- Wood consumption
- Water consumption and wastewater emissions from different process steps
- Woodhandling
- Condensates from evaporators
- Spillages
- Washing losses
- Bleaching
- Discharges of nutrients
- Discharges of metals
- Emissions to the atmosphere
- from the recovery boiler
- from the lime kiln
- from auxiliary boilers
- Malodorous gases
- Chlorine compounds from bleaching and bleaching chemical preparation
- Solid waste generation
- Consumption of chemicals
- Use of energy
- Noise

Where data are available emissions to water, air or soil (waste) are given before and after
external treatment.

As for the reported emission and consumption figures, it should be borne in mind that, due to
the use of some different measurement methods in the various Member States, data are not
always strictly comparable from country to country. (See Annex III for more information on this
issue but the different methods used do not alter the conclusions drawn in this document).

2.2.21 Wood consumption

All wood species can be used as raw material in the kraft pulp process. Logging and sawmill
residues can also be pulped with the kraft pulp process. The use of wood and the yield for production
of bleached pulp is dependent on the selectivity in delignification and bleaching. The wood required
for manufacturing 1 tonne of chemical pulp is normally between 4 and 6.6 m’. In forestry the
volume is measured as wood under bark. The density of wood varies with species but is between
about 0.4 and 0.6 g/cm’. The amount of bark varies also, but is about 12 - 15% by weight.
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2.2.2.2 Water consumption and waste from different proccess steps

As shown in Figure 2.5 emissions to water from a kraft pulp mill including a bleach plant
originate from different process stages. They also include accidental spills.

Fresh water

Wood f Pup Pulp Oxygen i f Pulp
E:>{ handling ]:\‘>{ Cooking '::>1: screening J::>{ washing delign. Washing Bleaching drying

Bark Tem_po_rar Temporary Temporary Fibres Fibres
Fibres emissions) emissions emissions Dissolved organic substances Dissolved organic
. Sand CHhorinated substances substances
Dissolved organic substances Chlorate
Toxic substances Phosphorous
Nirogen
Condensate Black Salts
treatment liquor
(L
Dissolved organic
substances
Spills

Lime White liquor Recovery
rebuming preparation boiler

Dissolved salt:

Figure 2.5: Emissions to water from a kraft pulp mill

Emissions to water are dominated by oxygen consuming organic substances, which are
measured as COD and BOD. Effluent from bleach plant, where chlorine-containing bleaching
chemicals are used, contains organically bound chlorine compounds, measured as AOX. Some
compounds discharged from mills show toxic effects on aquatic organisms as some of the
extractive components like resin acids that may be leached from bark in the wood handling.
Emissions of coloured substances may affect the living species in the recipient negatively, since
the water transparency is decreased. Emissions of nutrients (nitrogen and phosphorous) have a
negative impact due to eutrophication. In lower concentration individual metals extracted from
the wood can be determined in the effluents.

The water consumption varies considerably between different mills in EU or by more than a
factor 10 or between 15 and 100 m’/t. Figures higher than about 50m’ are normally due to the
fact that clean cooling water is included. Water consumption can be reduced in a pulp and paper
mill by increasing internal water recirculation. In a kraft pulp mill, it can be realised e.g. by
transferring wet debarking to dry debarking, by changing over to more efficient washing
equipment, by recycling alkaline bleach filtrate, by using the condensates from evaporation and
by closing the screen room with respect to water. There is a difference in water management
between integrated and non-integrated pulp mills. In an integrated mill the pulp will come from
the pulp process to the papermaking process at about 4% consistency and wastewater from
pulping and from papermaking are usually treated in one single treatment plant. In non-
integrated pulp mills the market pulp has to be de-watered and dried.

The volume of water used is closely linked to the wastewater load discharged from the mill. The
pollution depends mainly on the design and operation of the processes that cause the major part
of discharges and on the degree of closure of the mill. The main sources of wastewater and the
corresponding load of pollutants are discussed in the following.
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Wastewater from woodhandling

Stormwater run-off from the wood-yard might be polluted. The major source of pollution in
woodhandling is however the debarking plant. It consumes water and creates an effluent
containing nutrients, fibres and oxygen-consuming organic compounds like resin acids, fatty
acids etc. that are toxic to aquatic life before treatment. Biological treatment has proven to be
very efficient in eliminating toxicity. In a transfer from wet to dry debarking, water
consumption and discharges are reduced. The dryness of the removed bark is however only
marginally influenced. This is due to the fact that dry debarking means that water is recycled not
that water is not used. In wet debarking 0.6 to 2 m’ of water is used per solid m’ of wood. Dry
debarking still uses 0.1 to 0.5 m’® water per m’ of wood to wash the logs and some organics are
dissolved but to a lesser extent compared to wet debarking.

Dryness of the bark can be increased by pressing or drying the bark. An increase in dryness will
improve heat generation but result in an increased pollution load. Spans in pollution load in
debarking effluents are given in Table 2.3 below.

Debarking Effluent BOD; COD Tot-P

technique Volume m*/ kg/ m’ kg/ m’ g/ m’
m’ wood wood wood wood

Wet debarking and 0.6 -2 0.9 -2.6 4 -6 5-7

press

Dry debarking and 0.1 -0.5 0.1 -04 02 -2 2 -4

press

Table 2.3: Pollution load of debarking effluent before biological treatment
[Finnish BAT Report, 1997]; BOD; has been converted into BODs by use of the formula BOD, /1.16
= BOD; proposed within the same report

Bark is normally 35 - 45 % solid contents (dryness) on the tree. After normal wet or “dry”
debarking, the bark is about 30 - 35 % dryness. This can be increased to 40 - 45% in a press but
then there is an additional press effluent to consider. Bark press effluent is toxic and high in
COD (20 - 60 kg/m?). It could be dealt with at a chemical pulp mill by feeding it to the digester
with the chips for subsequent evaporation and burning of the concentrate in the recovery boiler.

During the wintertime in northern countries frozen logs and snow must be melted before
debarking. This can be done in the debarking drum with hot water or steam or on special de-
icing conveyors before the debarking drum. At any given installation the water consumption
and discharges from dry debarking will increase and will then be in the middle to upper range
given in the above table.

Condensates from cooking and evaporation

Condensates originate from the process vapours from digesters and the evaporation plant. About
8 - 10 m*/ADt of total condensates are formed with a COD load of about 20 - 30 kg/t and 7-10
kg/ADt of BOD;s. The COD is mainly methanol (5-10 kg/Adt) with some ethanol and a number
of organic sulphuric compounds (1-2 kg/Adt TRS), 1-2 kg turpentine and inorganic nitrous
compounds. Foul condensate contains furthermore ketones, terpenes, phenolics, resin and fatty
acids and various dissolved gases. A large proportion of nitrogen discharged from a Kraft pulp
mill is contained in condensates.

About 1 m’ of condensate per tonne of pulp has a COD concentration of 10 - 20 kg/m®. The
level is higher in condensates from hardwood pulp than from softwood. These strong
condensates are normally treated in a stripper where the removal efficiency for most compounds
is over 90% depending on the pH. Stripping systems usually remove malodorous gases (TRS)
and COD contributing substances at the same time. Stripped condensates after treatment can be
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1 - 1.5 kg COD/m’ of condensate. Normally about 0.2 tonnes of steam/tonne of condensate is
fed to the stripper column. Energy saving techniques enable lowering steam consumption from
0,2 t steam/t of condensate down to 0.02-0.04 t steam/t of condensate.The stripped gases are
either incinerated in a dedicated burner with subsequent SO, scrubbing or burnt in the lime kiln.

About 7 - 9 m’ of weaker condensates are formed with COD ranging from 0.5 to 2 kg/m’
containing a total of about 8 - 12 kg of COD/t of pulp. These condensates are free of metals and
therefore particularly useful for washing in the bleach plant when aiming at closing up this part
of the process. They can also be reused as scrubbing liquor for lime kilns or as white liquor
make-up water. This means that some condensates will be used in closed parts of the process
and not discharged to waste. Other condensates will be used in open parts, e.g. the bleach plant,
and end up in the effluent together with those condensates, which are not reused but discharged
directly to waste. Measured as COD, the total discharges of condensates to effluent are
normally about 4 - 8 kg COD/t of pulp but this is mostly readily biodegradable.

Alternatively, moderately contaminated condensates can be stripped in a system linked to the
evaporation plant thereby effecting treatment without any substantial additional use of energy.
In this way the total COD load before any reuse is reduced to about 5 kg/t, a reduction of about
50% compared to only treating the most contaminated condensates.

Spills from different process departments

Spillage of fibres and black liquor occurs in the digestion plant, screening plant, and during
washing. There are also spillage from the evaporation plant and from tanks. Spillage of white
liquor, weak liquor, lime etc. occurs during causticizing. Most spills can be collected and
recycled if adequate buffer volumes are used and appropriate procedures employed. Leakage
from mechanical components such as pumps can be limited e.g. by choosing the right seals.

The conductivity or the fibre content of individual outflows of wastewater is normally checked
in order to decide which liquids spilled are recycled in the process and which are directed to
waste. Improved collection of spillage can be achieved if clean water, such as cooling and
sealing water, is piped off separately. The remaining spillage water can then be more easily
recycled in the appropriate part of the process.

Measured as COD, discharge of organic matters in spills is normally between 2 and 10 kg/t
pulp. The lower figure is achieved using sufficiently large buffer volumes and proper
supervision procedures. It should in principle be possible to reduce discharges of spills to zero if
clean cooling and sealing waters are piped off separately, sufficient buffer volumes are in place
and good house-keeping practised.

Improved collection of spillage not only reduces discharges to water but is also a reuse of
valuable resources like chemicals, fibres and energy.

Black liquor residues (washing losses) from the handling of unbleached pulp

Pulp washing efficiency in chemical pulping relates initially to recovering as much as possible
of the cooking chemicals and of dissolved organic substances. Press washing at the ultimate
stage can reduce the amount of water from 6 - 10 m’/t of pulp to 2 - 3 m’/t thereby increasing
the amount of chemicals and contaminants eventually burnt in the recovery boiler. The
reduction of contaminants in the pulp is however less than the reduction of flow indicates.
Washing is not 100% efficient so a certain amount of chemicals and pollutants is transported
with the pulp to the bleaching stage where it consumes bleaching chemicals and enters the
effluent.

Standardised methods exist for measuring this carry over which is often denoted "washing loss"
and was originally measured as kg sodium sulphate per tonne of pulp. As this loss of make-up
chemical has become less important for the process and environmental protection more, the
washing loss is now normally measured as COD. Washing losses are currently typically 5 - 10
kg of COD/t for softwood and 7 - 12 kg of COD/t for hardwood.
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Discharges from the bleach plant

The bleach plant is the most important point of discharge of pollutants to water in a pulp mill. If
the bleachery can be wholly or partly closed, this would result in substantial further reductions
in discharges to water of organic substances, nutrients and metals. Typical figures for
wastewater quantities from a bleachery are 20 - 40 m® water per tonne of pulp. Many mills have
tried to increase the degree of closure of the bleach plant by reducing the water volume. Partial
closure of the bleach plant is currently achieved at both ECF and TCF-plants. Compared to open
bleacheries the reduction in COD-load has been 25-50 % and the reduction in flow even higher
or down to 5-10 m*/t pulp compared to the more normal 25 m*/t pulp.

The emissions from the bleach plant depend on a number of factors: the degree of
delignification achieved before the pulp enters the bleachery, the washing loss, the bleaching
sequences chosen and bleaching chemicals used, the type of wood, the final brightness of the
bleached pulp to be attained and the degree of closure of the bleach plant.

In Table 2.4 examples for the interrelation between wood-type, techniques and degree of
delignification before the bleach plant, and COD generated during bleaching are compiled. The
kappa numbers are based on values currently attained on a commercial scale using various
delignification techniques. The calculation for the discharge of residual lignin in kg COD/t pulp
assumes a discharge of approximately 2 kg COD per kappa unit and a pulp to be bleached to
full brightness. However, where the kappa number is less than 10 the discharge of COD is
closer to 1.5 kg per kappa unit [OSPAR, 1994].

Cooking Oxygen Delignif./ Hardwood pulp Softwood pulp
Method Ozone Bleaching
kappa COD kappa COD
[kg/ADT] [kg/ADT]

Conventional Cook. -—- 18 38 30 63
Conventional Cook. Oxyg. Delign. 13 27 15 32
Modified Cooking - 16 34 20 42
Modified Cooking Oxyg. Delign. 10 15 12 25
Further Modified C. -—- 13 26 15 30
Further Modified C. Oxyg. Delign. 10 15 10 15
Conventional Cook. | Ox. Delig.+Ozone N.L 3 N.I 6
Explanatory note:
N.I. = No information available

Table 2.4: Expected discharge of residual lignin measured as COD from bleach plants for different
delignification techniques
[OSPAR, 1994]

Chlorinated organic substances (AOX)

Since many years the public debate on the pulp and paper industry has focussed on discharges
of chlorinated organic substances. A different perception of the impact of chlorinated
compounds in the public enhanced the environmental pressure on pulp mills in Western Europe
and thus, a change in the marketing concepts of the mills virtually stopped the use of molecular
chlorine for bleaching of pulp. This means that the formation of chlorinated dioxins and
dibenzofurans has virtually ceased and the degree of chlorination of the remaining chlorinated
substances has declined. At the same time, the composition of AOX formed has undergone a
change parallel with the reduction of AOX discharges from pulp mills. For example, phenolic
compounds with 3-5 chlorine atoms in the atomic ring, i.e. the phenolic compounds that degrade
most slowly and are most toxic, have decreased significantly below 1 g/t ADP. In recent years,
following market demands, some mills have completely eliminated the use of bleaching
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chemicals containing chlorine by combining oxygen delignification with an ozone stage and/or
a peroxide stages.

For both, softwood and hardwood pulp, the following tables give examples for different
bleaching sequences used in European pulp mills and the corresponding discharge of
chlorinated organic substances, measured as AOX. The tables include delignification
techniques, bleaching sequences, kappa numbers, use of chlorinated bleaching chemicals and
discharges of chlorinated organic substances before treatment.

Cooking techniques Bleaching sequences kappa | ClO, AOX
[kg/t] [kg/t]

Conventional Cooking D(EOP)DED 30 95 2
Conv. Cooking + Oxy. Delign. | D(EOP)DED 16 60 0.8
Modified Cook. +Oxy. Delign. | D(EOP)D(EP)D 10 30 0.3
Conyv. Cooking + Oxy. Delign. | ZD No inf. 10 0.1
Modified Cook. +Oxy. Delign. | ZP No inf. 0 0
Notes:
"D" means Chlorine Dioxide; "E" means Extraction; "O" means Oxygen; "P" means Peroxide; "Z" means Ozone

Table 2.5: Examples for different sequences for bleaching of softwood pulp used in European pulp
mills and the corresponding discharge of chlorinated organic substances measured as AOX
[OSPAR, 1994]

Cooking techniques Bleaching sequences kappa | ClO, AOX
[ke/t] [ke/t]

Conv. Cooking + Oxy. Delign. | D(EO)DED 13 40 0.5
Modified Cook. +Oxy. Delign. | D(EOP)DED 10 30 0.3
Cony. Cooking + Oxy. Delign. | ZD No inf. 5 0.1
Modified Cook. +Oxy. Delign. | ZP No inf. 0 0
Notes:
"D" means Chlorine Dioxide; "E" means Extraction; "O" means Oxygen; "P" means Peroxide; "Z" means Ozone

Table 2.6: Examples for different sequences for bleaching of hardwood pulp used in European pulp
mills and the corresponding discharge of chlorinated organic substances measured as AOX
[OSPAR, 1994]

Pulps entering the bleach plant with low kappa numbers require less bleaching chemicals. For
example, if the kappa number is below 10, the need of chlorine dioxide as active chlorine can be
limited to about 30 kg/t for softwood pulp, equivalent to about 6 kg chlorides. Another 1 kg
chlorides/t comes with the wood. The amount of chloride resulting from bleaching stages with
chlorine containing chemicals is of concern because one reason why it is not been possible to
recycle bleachery wastewater to the closed system is its content of chlorides. These chlorides
cause corrosion in the process equipment if they cannot be expelled in the effluent.

Summary of discharge before treatment
Discharges of organic substances

The volume and total load of organic substances of effluents discharged from different process
steps after primary treatment are summarised in Table 2.7.
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Process stage COD kg/ADt
Wood handling 1-10
Condensates 2- 8
Spillage 2-10
Washing loss 6- 12
Bleaching 15 - 65
Total from mills 31-105

Table 2.7: Discharges of organic substances before external treatment from kraft pulp mills

The differences between softwood and hardwood are quite small and the following figures for
subprocesses are not monitored on a continuous basis while the total figure is based on available
data on annual averages and on continuous and flow-proportional sampling [OSPAR, 1994],
[Finnish BAT report 1996], [CEPI 97]

At present the lowest total discharges after primary treatment in bleached kraft pulp mills are
25-30 kg COD/t of pulp for softwood. One Portuguese eucalyptus pulp mill (hardwood)
reported 17.3 COD/t pulp as a yearly average in 1997 and 21.7 COD/t pulp in 1998 after
primary treatment only.

Discharges of nutrients

Nutrients originate mainly from the wood itself although biological effluent treatment may
require the addition of nutrients if deficient. Studies at kraft pulp mills have shown that nitrogen
discharges principally derive from the unbleached part of the process, whereas phosphorus
discharges come from the bleachery.

The prospects of reducing nutrient discharges from the process are mainly dependent on the
possibilities of further processing of the condensate and further delignifying the pulp in the
closed part of the process. Data below gives an indication of specific figures for phosphorus and
nitrogen discharges in kg/t of kraft pulp before treatment.

Process Phosphorous kg/ADt Nitrogen kg/ADt

Unbleached 0.01-0.04 0.2-0.4

Bleachery 0.04 -0.06 <0.1%*

Total from mill 0.05-0.10 0.2-0.4*

Note:

* Use of chelating agents can increase this figure of nitrogen by about 0.1 - 0.2 kg/t. Chelating agents will
normally end up in the white water. Some mills add the chelating agents (also) in the closed part of the
process. In this case the complexing agents end up in the recovery boiler i.e. are incinerated.

Table 2.8: Discharges before treatment of phosphorus and nitrogen in kg/t of kraft pulp
[OSPAR, 1994]

Discharges of metals

The wood used contains metals, which are discharged with the wastewater. As is the case for
phosphorus a reduction in discharges of metals is probably possible by increasing the degree of
process closure but options for external treatment to reduce metals are very limited.
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Cd Pb Cu Cr Ni Zn
Unbleached pulp 0.03 0.3 0.5 0.2 0.4 5
Bleached pulp 0.1 0.4 1 0.7 0.9 15

Table 2.9: Discharges of metals from Kraft pulp mills in g/Adt
[OSPAR, 1994]

Summary of discharge after external treatment

Minimum current external treatment is sedimentation and for pulp mill effluents secondary
biological treatment is commonly also applied. Data below show variations in total treatment
effects of sedimentation and biological treatment of kraft pulp mill effluents as % reductions.
The more recent plants have reduction figures in the upper part of the ranges given. Aerated
lagoon can be modified to incorporate sludge recycling. In that case, the treatment efficiency
approaches that of an activated sludge plant.

Reduction rate of BODs [%] COD [%] AOX [%] P [%] N [%]
Aerated lagoon 40 -85 30 - 60 20 -45 0-15 0
Activated sludge 85 -98 40 -70 40 - 65 40 -85 20 -50

Table 2.10: Percentage reduction at wastewater treatment plants at chemical pulp mill
[OSPAR, 1994], [Finnish BAT report, 1996]

Alternatives to activated sludge exist which are more compact and less expensive. The
experience from such installations is more limited but they are claimed to have equivalent
reduction levels to activated sludge.

Data on current discharges to water expressed as loads based on available data from kraft pulp
mills within EU are given in Table 2.11.

Flow BOD; CODb AOX TSS Tot-N Tot-P
[m’/t] [ke/t] [keg/t] | [kg/t] | [kg/t] [ke/t] [g/t]
Unbleached pulp | 20 -80 1-20 7-50 - 02-15] 0.1-1 3-40
Bleached pulp 30— 02-40 [4-90” | 0-2 [02-10]0.1-08| 5-90
110"
Explanatory notes:
1) Figures above 50 m’/t is normally due to that cooling water is included
2) A green-field mill starting to operate in 1996 reports 4 kg COD/t as annual average for 1998.

Table 2.11: Reported annual average discharges from kraft pulp mills within EU

[Finnish BAT report, 1996], [SEPA Report 4869], [Finnish Forestry Industries Federation, 98],
[CEPI 97]. The figures have been derived from the different analytical methods that are described
in ANNEX III. All of these methods are considered to yield equivalent results. Water samples
analysed have been homogenised and are unfiltered and undecanted. Figures given are long time
averages, normally annual values.
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2.2.2.3 Emissions to the atmosphere

An overview of the emissions to the atmosphere from a kraft pulp mill is shown in Figure 2.6.
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Figure 2.6: Emissions to the atmosphere from kraft pulp mills

Emissions to the atmosphere from a kraft pulp mill originate from chip storage, cooking
digester, pulp washing, bleaching plant, bleaching chemical preparation, chemicals recovery,
evaporation, bark furnace, recovery boiler, white liquor preparation, lime kiln, tanks and pulp
drying (only for market pulp). They consist mainly of sulphur-containing compounds such as
sulphur dioxide and malodorous reduced sulphur compounds like methyl mercaptan, dimethyl
sulphide, and hydrogen sulphide. The latter compounds are commonly referred to as total
reduced sulphur (TRS). From furnaces nitrogen oxides are also emitted and furthermore small
amounts of dust (solid particulates) as fly ash. From bleach plants and from bleaching chemical
preparation chlorine compounds may leak to the atmosphere. Volatile Organic Compounds
(VOCs) mainly turpenes, are emitted to the atmosphere from wood chips stored in heaps
outdoors the process. The VOC emission from chip piles vary among other things with the time
chips are stored, temperature and the wood species. In the following the major sources of air
emissions are discussed in more detail.

22231 Air emissions from the recovery boiler

The recovery boiler is a major source of atmospheric emissions in a kraft pulp mill. Emissions
are mainly represented by sulphur dioxide. In addition there are emissions of particulates
(primarily sodium sulphate and sodium carbonate), nitrogen oxides and malodorous compounds
(hydrogen sulphide).

The recovery boiler is fed with the evaporated black liquor. Approximately one third of the dry
substance in the evaporated liquor consists of inorganic chemicals and two thirds are dissolved
organic substance. After a conventional evaporation the black liquor (strong liquor) has a dry
solids content of about 65%. The aim of evaporation is to achieve a high dry solids (DS) content
in the thick black liquor fed to the recovery boiler in order to generate more steam. By installing
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further equipment a dry solids content of 75 - 80+ % can be achieved. The sulphur emissions
from the boiler will typically be reduced by about 80% when the DS content is increased from
65 - 67 to 74 - 76 % due to higher temperature in the recovery boiler and the more favourable
incineration conditions. Some examples exist however where emissions of S have not reduced
beyond DS of 72 - 73%. A drawback to the higher temperature is that emission of NO, can
increase. The recovery boiler is equipped with an electrostatic precipitator in order to remove
the large amount of particulates (mainly Na,SOy4) from the flue gases. The dust is fed back into
the furnace by mixing into the strong black liquor. Additionally, recovery boilers are often
equipped with a scrubber in order to decrease the emission of SO..

Typical emissions to air from recovery boilers are given in Table 2.12. The gas flow is normally
about 6000 - 9000 m® ndg/t of pulp while process steam production is between about 13 and 18
GlJ/t of pulp. Due to the lower yield for softwood pulping this figure is higher for softwood than
for hardwood. An increased closure of the process also has a higher energy production as a
consequence.

Sulphur dioxide
- without scrubber and 63-65 % DS of black 100-800 mg/m’n
liquor 60-250 mg/MJ
1-4 kg/ADt
- with scrubber and 63-65% DS of black liquor 20-80 mg/m’n
10-25 mg/MJ
0.1-0.4 kg/ADt
- without scrubber and 72-80 % DS of black 10-100 mg/m’n
liquor 12-30 mg/MJ
0.2-0.5 kg/ADt
Hydrogen sulphide "
- over 90% of the time (90 percentile) <10 mg/m’n
<0.05 kg/ADt
- temporarily higher
Nitrogen oxides 100-260 mg/m’n
(as NO,) 50-80 mg/MJ
0.6-1.8 kg/ADt
Particulates
- after electrostatic precipitator 10-200 mg/m’n
0.1-1.8 kg/ADt
Notes:
1) Level corresponding to Swedish emission limitation

Table 2.12: Emissions from Kraft pulp recovery boilers in kg/ADt at a gas flow of about 6000 - 9000
m’/t
[Mainly from SEPA report 4008, 1992]

In the following the main principles and operating variables that influence the emissions from
the recovery boiler are discussed to explain the complexity of pollution prevention at this
installation.

Figure 2.7 below shows some principal inorganic reactions in a recovery boiler and also where
in the furnace the reactions take place. In a conventional recovery boiler there is an oxidising
zone in the upper part and a reducing zone in the lower part. The strong liquor is introduced
through one or several nozzles into the reducing zone. Combustion air is mostly supplied at
three different levels as primary, secondary and tertiary air (from the bottom up).
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A smelt consisting mainly of sodium sulphide (Na,S) and sodium carbonate (Na,COs3) is formed
at the bottom of the furnace. When the sulphur is reduced to sulphide in the smelt also some
hydrogen sulphide is formed. Small amounts of hydrogen sulphide may leave with the flue
gases if the air supply is not sufficient or if the mixing of air into the furnace is incomplete.
Temporary high emissions of hydrogen sulphide from the smelt may occur as a consequence of
disturbances caused by deposits of dry substances on the furnace walls falling into the smelt. In
the oxidising part of the furnace, the sulphur is oxidised to sulphur dioxide and sodium in the
gas phase reacts with the sulphur dioxide to form sodium sulphate. A higher dry solids content
leads to a high temperature in the furnace and thus a lower emission of hydrogen sulphide and a
higher emission of sodium. The higher sodium emission means that more sulphur is bound as
sodium sulphate and thus the emission of sulphur dioxide is decreased.

N2,H20,007,02,50 2,NOx
Na,S0, ,NaCl,HCL(CO,H,S)

Steam
-]
—
Water
Oxidizing zone
No,S0,,0, —=No, S0, Terti
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Figure 2.7: Some conceptual chemical reactions in a recovery boiler
[SEPA report 4008, 1992]

In general, the emission of sulphur from the recovery boiler is influenced by the following
operating variables:

- temperature in the different zones which on the other hand is influenced by the heating
value and dry solids content of the strong black liquor and the amount of combustion air

- the sulphur-to-sodium ratio (S/Na,)in the liquor (sulphidity). A high S/Na,-ratio means that
the release of sodium in the furnace in relation to the sulphur amount is not sufficient to
bind the sulphur and thus a larger share of the sulphur leaves the furnace as sulphur dioxide
instead of sodium sulphate. High dry solid contents of the black liquor may compensate this
effect.

- supply (amount of air excess and primary air temperature) and distribution of combustion
air

- distribution of the black liquor across the boiler area

- the load on the furnace. Operating a recovery boiler in an overloaded mode has an adverse
effect on the emissions characteristics, especially on the quantity of hydrogen sulphide
produced.
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A general observation is that even if general indications of emission levels can be given, each
recovery boiler is an individual and optimum conditions have to be carefully sought.

In order to decrease the SO, emissions from the recovery boiler it is often equipped with a flue
gas scrubber operating at pH 6-7. pH is controlled by adding sodium hydroxide (NaOH), weak
liquor or oxidised white liquor. A higher pH would remove hydrogen sulphide but carbon
dioxide would be absorbed which would quickly neutralise the alkali. Surplus liquor from a
scrubber is recycled to the process, normally to the white liquor preparation.

The formation of NOj in a recovery boiler is mainly influenced by the nitrogen content in the
black liquor and excess O, during combustion. The NOy formation per MJ input is generally
low due to the relatively low oxygen concentration needed for an efficient recovery of
chemicals and the emission of NO, normally varies between 1 and 2 kg/t of pulp.

An increase in excess O, from 1.5 to 2.5% may increase NO, by about 20% and increased DS
content from 65 to 75% may increase NOy by up to 20%. The nitrogen content is higher in
hardwood liquors than in softwood which can also result in about 10% higher NO.

Reduced NO, can normally be achieved by modifications to the air feed system and optimising
combustion conditions. Emissions are normally between 50 and 80 mg/MJ but new recovery
boilers can achieve levels down to about 40 mg/MJ or well under 1 kg NO,/t (e.g. Moensteras
mill, Sweden).

2.2.2.3.2 Air emissions from the lime kiln

In the lime reburning process the calcium carbonate formed during the recausticising process
(see Figure 2.3) is thermally converted back to calcium oxide according the reaction equation
CaCO; — CaO + CO,. The reaction takes place in a rotary kiln where wet lime mud is dried,
heated up to the reaction temperature, calcinated and cooled again. The calcination reaction
starts at 800°C and to complete the reaction temperatures up to 1000-1100°C are required in the
hot end of the kiln. The cooling is done by air in heat exchangers. The gas flow in a lime kiln is
about 1000 Nm’ /t (dry gas) of pulp and the energy used is about 1.5 - 1.8 GJ/t of pulp.

The major air emissions from the lime kiln are sulphur dioxide, nitrogen oxides, reduced
sulphur compounds (TRS) and particulate matter. Typical emissions to air from a lime kiln are
shown in Table 2.13.
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Sulphur dioxide

- oil firing without non-condensable 5-30 mg/m’n

gases 2.5-16 mg/MJ
0.003-0.002 kg/ADt

- oil firing with non-condensable gases 150-900 mg/m’n
80-740 mg/MJ
0.1-0.6 kg/ADt

Hydrogen sulphide

- normally <50 mg/m’n
<0.03 kg/ADt

- temporarily higher

Nitrogen oxides (as NO,)

- oil firing 240-380 mg/m’n
130-200 mg/MJ
0.2-0.3 kg/ADt

- gas firing 380-600 mg/m’n
200-320 mg/MJ
0.3-0.4 kg/ADt

Particulates

- after electrostatic precipitator 20-150 mg/m’n

0.01-0.1 kg/Adt

- after wet scrubber only 200-600 mg/m’n
0.1-0.4 kg/Adt

Table 2.13: Typical emissions to air from a lime kiln

[SEPA report 4008, 1992]; The higher SO, values when firing with non-condensable gases are
caused by the fact that the capacity of the lime Kkiln to trap sulphur is often not sufficient if all TRS
containing air is treated in the lime kiln.

The emissions from the lime kiln in a kraft mill are mainly affected by solids retention time, gas
contact area, type of fuel and temperature.

SO, emissions

Sulphur emissions from the lime kiln are due to sulphur in the fuel and malodorous gases if such
are burnt. The role of sulphur entering the sulphur with lime mud is in this respect marginal.

A limited amount of sulphur can be absorbed in the lime kiln by gaseous Na forming sodium
sulphate according to the reaction equations

Na,COs (1) + - 2 Na (g) + CO, + 1/2 0,
SO, (g) + 2 Na (2) 05 — Na,SO, (1) — Na,SO, (s)

The main sulphur absorbing compound is thus the sodium carbonate (Na,CO;) in the lime mud.
When this capacity is exhausted, SO, is released. This effect is enhanced when malodorous non-
condensable gases are incinerated in a kiln. Therefore, SO, emissions are usually a clear
function of the amount of malodorous gas flow.

To minimise the formation of SO, either the sulphur content in the fuel can be reduced or if
malodorous non-condensable gases (NCGs) are to be burnt in the lime kiln, sulphur compounds
can be scrubbed out of these gases prior to burning in the lime kiln. A small internal NaOH
scrubber for the malodorous gas flow (i.e. not for the total flue gas flow) will reduce H,S almost
completely while the methylsulphides are reduced by about 50 - 70 % and methylmercaptane by
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less than 20%. Typical total S emissions from lime kilns are ten up to several hundred mg/m’ if
NCGs are burnt and 10 - 30 if they are not.

Total Reduced Sulphur emissions (TRS)

The TRS emissions from a lime kiln consist mainly of hydrogen sulphide. Observed H,S
concentrations are normally less than 50 mg/m’ (90 percentile) resulting in a total emission of
<0.03 kg/t.

H,S formation in the lime kiln depends on oxygen levels and the amount of sodium sulphide in
the mud burnt in the kiln. The presence of sufficient excess air can be ensured by a residual
oxygen control system. The sodium sulphide content can be controlled by properly operated
lime mud washing and filtering so that sodium sulphide (Na,S) is prevented from entering the
lime kiln. If Na,S enters the cold drying and heating section of the lime kiln in the presence of
CO, and water H,S is formed according the reaction equation

With a proper capacity of the lime mud filter a small amount of air is sucked through the lime
mud cake and the residual Na,S left on the surface of lime mud particles is then oxidised to
sodium thiosulphate that does not cause any H,S formation in the kiln. If H,S problems arise,
the reason is in many cases poor lime mud quality in terms of lime mud dry solids content
(normally over 80%) and purity (low free alkali concentration is required). Technical options
are improvement of green liquor clarification and the lime mud washing or replacing a part of
the lime with make-up lime.

Particulate matter

Particulate matter is made up of lime dust and sodium condensed out of the vapour phase. The
emissions can be controlled internally by design and proper running of the kiln and externally
by adding an electrostatic precipitator or a scrubber. An electrostatic precipitator is capable of
reducing the concentration of particulates down to about 20 - 100 mg/m’ and a water scrubber to
about 200 - 600 mg/m’.

Nitrogen oxides (NO,)

NO, emissions are mainly correlated to burner design and for a particular burner, to nitrogen
content of the fuel and combustion temperature. An increase in emissions would result from the
use of fuel with a higher content of nitrogen. Both incineration of NCGs and use of biogas and
methanol as fuel, increase NO, formation.

NO, concentrations are from about 100 mg/m® when only tall oil is used, up to about 900 mg/m’
with NCGs and methanol together with bark powder, pyrolysis gases or fossil oil.

22233 Air emissions from auxiliary boilers

Bark boilers

Bark will burn autothermically at about 20% dryness. Before incineration the loose bark and
wood sticks removed from the logs in the debarking drum is fed into a bark shredder and is
finally pressed to a dryness of 38-45%. The consumption of energy in a press is about 5 kWh/t
of bark having an initial dryness of about 35% and the increase in heat generation is about 2
GJ/tys, if the dryness increases from about 35 to 45%. At 45% dryness, bark represents a heat
value of about 7 - 8 GJ/t and it can be used as a source of energy within the plant or sold as a
by-product, e.g. as pellets. At the plant it is normally used in an auxiliary boiler. If it is to be
used as fuel within the process or sold as pellets it must first be dried to up to about 90%
dryness. It can then, after either been gasified or pulverised, be used e.g. in the lime kiln.
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Bark is used as power plant fuel in pulp mills to a large extent. As bark contains only small
amounts of sulphur, there will be only low sulphur dioxide emissions depending if other
sulphur-containing fuels are added. When bark is being burnt together with fuels that contain
sulphur (e.g. fossil fuels), the alkaline bark ash binds some of the sulphur and thus reduces the
emissions.

In bark boilers the emission of nitrogen oxides will also be lower than in the burning of other
kinds of fuel due to the low combustion temperature. Emissions are typically 70 - 100 mg/MJ
when only bark is fired but at times when oil is used in the boiler an increase to about 100 - 150
mg/MJ will be the case. Excessive oxygen increases NO, formation but lower excess oxygen
levels increase CO and VOC. The total NOx-reduction achievable in a bark boiler is about 30-
50% by making changes in combustion techniques and/or applying an SNCR-process (Selective
Non-Catalytic Reduction). Examples for the application of the SNCR process on bark boilers
can be found for instance in some Swedish mills (Nymolla, Husum).

Given a heat production from bark of about 7 GJ/t of bark the range of NO, emissions is about
0.3 - 0.7 kg/t bark. The lower figure represents optimised combustion conditions and/or the use
of SNCR where urea is used to reduce NO to nitrogen, carbon dioxide and water. The NO,
emissions would then be about 40 - 60 mg/MJ or 100 - 200 mg/m’ (NTP, dry gas).

Dust emissions are normally reduced to about 20 - 40 mg/Nm’® (dry gas) at 11% O, when
electrostatic precipitators (ESPs) are used and about 200 mg/m’ with cyclones. Emissions of
gaseous sulphur are small at about 5 - 20 mg/MJ when burning bark. Some reported figures on
sulphur emissions from bark boilers from Swedish mills are Stora Fors 7, Morrum 19,
Norrsundet 20, Ortviken 15, Skoghall 13, Dynds 10 mg S/MJ fuel input to the boilers. Probably
some of the S in the bark is removed with the ashes.

Unit S NO, Particulates
kg/t 0.04-0.1 kg/t 0.3-0.7 kg/t 0.1-1kg/t
mg/MJ 5-15 mg/MJ 40 - 100 mg/MJ 20 - 200 mg/m’

Table 2.14: Emissions to air from bark boilers
Data as kg/t bark and mg/MJ respectively. Normal figures of gas flow are about 1600 - 1700 m’/t of

pulp

Other steam boilers

In integrated pulp and paper mills the excess heat produced by the pulp mill is not quite enough
to cover the energy consumption of the paper production. The additional demand for heat has to
be produced in auxiliary steam boilers. Fossil fuel is used as support fuel in bark and sludge
boilers and as the main fuel in auxiliary boilers as well. The fuels used in the boilers are coal,
fuel oil, natural gas, peat, wood waste and fibrous sludge from effluent treatment. The emissions
from power production are dependent on the fuel, the fuel mixture and the impurities content.
For instance oil and coal contain sulphur but natural gas does not. Most of the boilers for solid
fuels are circulating and fluidised boilers especially when difficult mixed fuels with varying
properties are incinerated. These boilers offer the opportunity to use a wider range of fuels and
generate lower emissions than grate boilers. The combustion efficiency is high due to the
effective mixing of the materials and heat transfer between the solid material and the flue gas.
NOx emissions are relatively low due to the low combustion temperature (800°C -950°C). If the
fuel contains sulphur, sulphur emissions can be prevented by the addition of lime to the bed. At
temperatures below 900°C sulphur reacts with lime or calcium in the bark and the sulphur
dioxide emissions are reduced considerably.
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Type of fuel mg NOx/MJ mg S/MJ Particulates [mg/m’|
oil 60 - 150 25-100 " 20 - 200

No data for other fuels

Notes:

" Sulphur content of the fuel oil: 0.1 -0.4 %

Table 2.15: Examples for currently observed emissions from different types of auxiliary boilers
[SEPA Report 4008, 1992], [annual reports by Swedish mills to SEPA]

22234 Malodorous gases

Malodorous gases in kraft pulping are normally H,S, methyl mercaptane, dimethyl-sulphide and
dimethyl-disulphide. Sometimes malodorous gases are referred to as Total Reduced Sulphur,
TRS. The malodorous gas streams are generally divided into strong (concentrated) and weak
(diluted) gases. The latter normally refers to a concentration of < 0.5 g of S/m’, while the more
concentrated or strong gases are normally above 5 g/m’.

Concentrated gases come from digester, evaporation plant and condensate stripper. In total they
add up to about 25 m*/t of pulp. The non-condensable gases from the cooking plant and the
stripper gases from the steam stripping of foul condensates from the evaporation plant usually
contain 1-2.5 kg S/Adt. [Finnish BAT Report, 1997] and are normally higher at hardwood
pulping than at softwood due to different lignin structure.

Concentrated gases are collected and burnt either in the lime kiln, the recovery boiler or in a
separate burner. If a dedicated burner is used a scrubber is normally added to control emission
of the SO, formed.

The heat energy can be used but NO, formation is high, up to 1 g/MJ of fuel. This level can be
reduced by about 70% by optimising combustion conditions.

The advantage of burning the malodorous gases in the lime kiln is that no extra furnace is
needed. In addition, the sulphur in the gas can be absorbed which reduces the emission of
sulphur dioxide. However, as said above, the S-content in malodorous gases can overload the
absorption capacity in the lime kiln.

On average, 15 % of the fuel used in a lime kiln can be replaced by malodorous gas. However,
the variation of the amount of energy of the gas may make it difficult to produce lime of good
and uniform quality. Separating off methanol from the gases minimises the problem with
varying gas quality. The separated methanol can then be fed in liquid phase to the lime kiln or
to a dedicated burner for malodorous gases.

Diluted gases come from e.g. from chip-pre-steaming, screening, pulp washing, smelt dissolver
and ventilation of various tanks that contain black liquor etc. They add up in total to about 2000
- 3000 m’/t of pulp with 0.2 - 0.5 kg S/ADt [Finnish BAT Report, 1997].

Diluted gases at some mills are collected and burnt in the recovery boiler, in the lime kiln, or
scrubbed. Scrubbing is mainly effective on H,S. Burning the weak gases in the recovery boiler
may influence the operation of the boiler and would require modification of the boiler. At some
mills both weak and strong malodorous gases are burnt in the recovery boiler. Information from
this practice is however limited.

In cooking and evaporation, a part of the malodorous compounds are transferred to the
condensates. In addition to reduced sulphur compounds, the condensates contain methanol and
some other oxygen consuming compounds (BOD load). The foul condensates are collected and
treated separately as described above (see: wastewater discharges from different process steps).
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22235 Chlorine compounds from bleaching and bleaching chemical preparation

In bleached kraft pulp mills using chlorine dioxide as bleaching chemical chlorine compounds
from the bleach plant and the ClO,-production are released to the atmosphere. In Table 2.16
some examples of measured values are presented and compared with values set under normal
conditions in permits in Sweden.

Name of the mill Condition in the permit Measured values
(reference year) [kg active chlorine/t of [kg active chlorine/t of bleached pulp]
bleached pulp]

Husum (1995,96) 0.2 annual 0.0-0.04 kg Cl, and Cl10O, as chlorine/ t
of pulp; monthly grab (one 0.4)

Skérblacka (1996) 0.3 monthly 0.08 annual average

Monsteras (1997) 0.05 annual 0 (TCF)

Gruvon (1997) 0.2 monthly 0.02 (one week average)

Skoghall (1997) 0.2 monthly 0.05 (one week average)

Skutskar (1997) 0.0004 bleachery
0.006 ClO,-production

Table 2.16: Examples of measured values of chlorine emissions to air from the bleach plant and
ClO,-production from some Swedish pulp mills

Data from mills' obligatory annual reporting and from permits. The figures cover all emissions
from the plant, normally measured in ventilations from the bleach plant and from chlorine dioxide
production after scrubbers

Summary of emissions to the atmosphere after external treatment

Available data on annual average emissions in kg/t of kraft pulp are summarised in Table 2.17
below. To facilitate the comparison of all emissions of gaseous sulphuric compounds including
SO, have been given as gaseous S. Emission data for the recovery boiler are normally based on
continuous monitoring while the other sources are less frequently monitored. It should be
pointed out, however, that not all mills report diffuse emissions and the methods for calculating
and reporting the total emissions vary between mills and between the Member States.

Source of emission Total gaseous S NOx Particulates

[kg/t ADt] [kg/t ADt] [kg/t ADt]

Recovery boiler 0.01-2 0.8-1.8 0.2-1.8

Lime kiln <0.01-0.7 0.02-0.6 0.02 0.9

Bark boiler 0.02 0.06 " 0.03-0.2 0.03-03"

Malodorous gases 0.01-27? -

Total emissions from mills | 0.04 - 4 0.85 - 2.6 0.25-3

Explanatory notes:

1)  For the bark boiler estimated figure. Any use of fossil fuel in the bark boiler is not included

2) Concentrated gases are assumed to be burnt in the lime kiln

Table 2.17: Long time (annual) average emissions to the atmosphere from kraft pulp mills within
EU

The figures are based on the different analytical methods that are discussed in ANNEX III or
methods yielding equivalent results. NO, is the sum of NO- and NO, emissions calculated as NO,
[SEPA report 4869], [Finnish Forestry Industry Federation, 1998], [Finnish BAT Report, 1996],
[data from personal communication with mills]
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Emissions of Volatile Organic Compounds (VOC) from the process are reported to be about 0.4
kg/t of softwood kraft and less than 0.1 kg/t for hardwood kraft. As mentioned above there are
also some emissions of VOCs from the chip-heaps. As an example VOC emissions from the
chips are about 0.2 - 0.3 kg/m’ of wood at kraft pulping.

2.2.2.4 Solid waste generation

The production of kraft pulp generates various fractions of solid waste: inorganic sludge (dregs
and lime mud) from the chemical recovery; bark and wood residues from woodhandling; sludge
from effluent treatment (inorganic material, fibres and biological sludge); dust from boilers and
furnaces; rejects (mainly sand) from the wood handling; ashes and miscellaneous material (like
building material). Many organic substances, which might be considered waste products, are
burnt for energy recovery. This normally includes bark and wood residues and could include
water treatment sludge.

Dregs and lime mud are separated from the chemical recovery cycle in order to keep the amount
of inert material and non-process chemicals in the cycle at an acceptable level and thus secure
high reaction rates in the chemical recovery system.

Bark and wood residues from woodhandling is normally burnt for energy recovery and should
thus be considered as waste only if they can not be burnt and have to go to permanent
landfilling. Wood ash from bark boilers contains nutrients taken from the forest with the wood
raw material and this ash can be suitable as a fertiliser as long as it is not contaminated by e.g.
metals like Hg, Cd and Pb although these come from the wood itself. A leaching of heavy
metals from the recycled ashes spread to forest or agricultural land might be a drawback of these
measures.

Sludge from wastewater treatment is one of the main groups of potential waste. A large amount
of sludge is generated in primary treatment and in biological treatment with the activated sludge
method. Aerated lagoons generate only small amounts of excess sludge and the generation of
sludge in anaerobic treatment is also moderate. Chemical flocculation produces a considerable
amount of sludge. Biological and chemical sludge has poor de-watering properties.

The sludge is usually thickened before being de-watered in a filter press, screw press or on a
vacuum filter. Often excess sludge from biological wastewater treatment is mixed with primary
sludge and bark sludge before de-watering. Inorganic and/or organic chemicals are used to
improve the de-watering of sludge by forming larger flocs. Mixed sludge can be de-watered to
25-35% dryness with filter presses and to 40-50% with a screw press using steam in the pre-
treatment stage.

In sludge burning the net energy production is about zero or negative if the dry-solids content in
the sludge is below 40% and if the sludge contains a high amount of inorganic material. To
maintain good burning conditions the use of auxiliary fuel is necessary unless the sludge is
mixed with bark and other wood waste material. Burning reduces the volume of waste and the
inorganic content remains as ash, which is normally transported to a landfill site.

Sludge from chemical precipitation cannot be burned alone without the use of auxiliary fuel
because of the high content of inorganic matter and water. The sludge is therefore often
transported to a landfill site. Sludge from flocculation with only synthetic organic
polyelectrolytes is suitable for incineration.

Data on waste generation is limited. Therefore in Table 2.18 available data for various types of
wastes generated in a kraft pulp mill from one Member State is given.
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Type of waste kg dry solids per tonne of pulp
Wastewater treatment sludge 10
Wood ash 9
Other ashes 14
Fibre and coating waste 5
Wood waste 6
Hazardous waste 0.2
Total 43
Explanatory notes:
"wood ash" is fly ash and dust from incineration of wood material (e.g. from the bark boiler)
"other ashes" are ashes from fuels used in energy production other than wood and black liquor
"wood waste" is bark, chips, sawdust, wooden packages etc. Wood waste is landfilled only if it
can't be burned (containing sand or if it is in some other way too dirty)

Table 2.18: Average waste generation in kraft pulp mills in kg dry solids/t pulp

[Finnish BAT Report, 1996]. The absolute figures has been transferred to specific data per tonne of
pulp by dividing the given total values by the yearly production of bleached and unbleached kraft
pulp in Finland (5.7 Mt/a). The figures include both integrated and non-integrated mills

Other reports [CEPI, 97] describe little higher amounts of solids wastes as typically for kraft
mills. There, unbleached kraft pulping is held to produce 20 - 60 kg dry solids organic
waste/ADt (kraft) and 30-60 kg dry solids inorganic waste/ADt. For bleached kraft pulping 30-
60 kg organic wastes (dry basis) per tonne of pulp and 40-70 kg inorganic wastes (dry basis) per
tonne of pulp are reported.

Data on solid waste in Swedish mills (expressed as dry solids, DS) are reported as the
following':

Green liquor sludge, dredges and lime mud

These wastes are often mixed and it is very difficult to give separate figures. In total the amount
varies roughly between 10 and 60 kg/t of pulp with an average of about 30 (SEPA 4869). The
composition in such a mixed waste varies as well. In Report 4 from the project "Miljé 95/96"
data for a number of samples are given. The following averaged data is calculated for green
liquor sludge with different amount of lime mud.

Lime mud | Dry solids, | Ash [%)] Organic tot-Ng/kg tot-P tot S g/kg
[%o] [DS %] content [%] DS g/kg DS DS
<2 45 62 20 0.4 0.6 23
75 59 62 6.5 <0.4 2.8 6.3

Table 2.19: Average composition of green liquor sludge with different amounts of lime mud

The figures are divided into two groups: one with almost no lime mud (< 2%) and the other with
much lime mud (about 75% as an average)

Metal concentrations are also reported for the same samples. In Table 2.20 averaged values are

shown.

Data mainly taken from SEPA report 4869 "Skogsindustrins utsldpp till vatten och luft samt avfallsmdngder och

energiforbrukning 1996" (The Forest Industry’s emissions to the atmosphere and water, amounts of waste and consumption of
energy 1996) and Report 4 ("Avfall frén skogsindustrin- Méngder, sammansittningoch omhéndertagande" = Waste from the
Forest Industry- Amounts, Composition and Disposal) from the project "Miljo 95/96" (Environment 95/96) run by the The
Swedish Forest Industries Water and Air Pollution Research Foundation (the SSVL).
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Lime Ba Cd | Co | Cr Cu Hg Ni Pb Sr Zn
mud [%]

<2 430 16 92 |75 90 0.07 60 18 330 | 2300

75 310 11 53 |85 96 <0.10 | 29 11 290 1000

Notes:
All values expressed as [mg/kg dry substances]

Table 2.20: Average metal concentrations in green liquor sludge with different amounts of lime
mud

Green liquor sludge is in Sweden normally dried on drum filters with a precoat layer of lime
mud given a DS of 30-70%. If centrifuges are used the DS is about 8-20%. (Report 4 of Miljo
95/96). The sludge is normally landfilled.

Ashes, slags, particulate matter (e.g. from electro static precipitators)
According to SEPA 4869 the amounts are for kraft pulp mills between about 5 and 45 kg/t of

pulp.

Wood yard waste to landfill
The amounts vary between 1 and 20 kg/t of pulp. This waste mainly consists of bark, sand and
stones (SEPA 4869).

Rejects from screening/fibre rejects
Limited amount of data in SEPA 4869 shows figures between about 2 and 20 kg/t of pulp

Sludge from biological treatment

With aerated lagoons at kraft pulp mills the amount of sludge is very small usually < 1 kg of
DS/t of pulp (from report 4). Biological treatment in activated sludge plant generates higher
amounts of sludge.

2.2.2.5 Consumption of chemicals
The consumption of chemicals varies from mill to mill and is to a certain extent regarded as

confidential. However, the consumption of main chemicals is reported as typically being as
follows in kg/t of pulp.
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Substance | Consumption for unbleached | Consumption for bleached
kraft pulp [kg/t] kraft pulp [kg/t]

NaOH 10-20 25-50

O, - 5-25

NaClO; - 20-50

EDTA - 0-4

S -

SO, - 2-10

H,0, - 2-30

Os - 0-5

MgSO, - 0-3

CaO 5-10 5-10

Table 2.21: Consumption of main chemicals in kg/t ADP for kraft pulp production
[CEPI 1997]; All chemical consumption are expressed as 100% effective chemicals and not as
commercial solutions containing various amounts of water

The main purpose of the chemicals mentioned above is:

- Magnesium sulphate is added at the rate of 0 - 2 kg MgSO,/ADt for hardwood or 2 - 3 kg
MgSO,/ADt for softwood in order to preserve the strength of the pulp in oxygen
delignification.

- The consumption of oxygen for delignification is 12 - 15 kg/ADt for hardwood pulp and 20
- 25 kg O,/ADt for softwood pulp.

- The alkali consumption is 12 - 15 kg NaOH/ADt for hardwood and 20 - 25 kg NaOH/ADt
for softwood [Finnish BAT Report, 1997]

- Chelating agents like EDTA and DTPA are used to remove the metals in hydrogen peroxide
bleaching sequences in order to prevent the decomposition of the hydrogen peroxide.
Emissions of chelating agents might effect the distribution of the metals in the receiving
water body and in the organisms living there. Moreover, the use of chelating agents cause
emission of nitrogen the amount of which depends on the amount used.

At steady state running conditions, it is a fundamental that any substance entering a mill also
must exit the mill. In kraft pulp mills using NaOH and Na,S as main cooking chemicals the
input and output of sodium and sulphur have to be controlled and balanced. The requirement for
reduced emissions of sulphur dioxide from mills implies that preferably less sulphur should
enter the mill or that sulphur has to be discharged as less harmful substances (as for example
sulphate). The main sources of sulphur are listed in Table 2.22.

Pulp and Paper Industry 51



Chapter 2

Source Amount of sulphur
[kg S/Adt]
Wood, water, chemicals 0.3-0.5
Fuel oil to lime kiln and recovery boiler 1.0-2.0
Tall oil production 20-3.0"
Chlorine dioxide generation 0-15?
Magnesium sulphate for oxygen stage 0-0.8
Total 3.5-255
D" Often spent acid from chlorine dioxide production can be used
2 Depending on type of process and valid for a mill using up to 40 kg/ADt of
chlorine dioxide expressed as active chlorine

Table 2.22: Typical sulphur intakes to a bleached kraft pulp mill
[SEPA report 4008, 1992]

At present, the emissions of sulphur dioxide from kraft mills vary down to levels as low as 0.3
kg S/ADt (see Table 2.17). Non-gaseous losses of sulphur in effluents can be estimated to
correspond to 2 kg/ADt [SEPA report 4008, 1992]. Thus, the total losses of sulphur from a pulp
mill would be as low as about 2.3 kg S/ADt in some cases. A comparison with the intake of
sulphur when operating with a high proportion of chlorine dioxide in bleaching shows that a
high amount of sulphur may have to be discharged or disposed as neutral salts (e.g. Na,SO,).
However, this will simultaneously cause sodium losses that need to be compensated by more
expensive sulphur-free sodium make-up chemicals. To determine correct numbers, the chemical
balances have to be worked out on a case-by-case basis for each mill and each process.

2.2.2.6 Use of Energy

The major part of heat energy is consumed for heating different fluids and for evaporating
water. Heat energy is also used to accelerate or control chemical reactions. Electrical energy is
mostly consumed for the transportation of materials (pumping) and for the operation of the
paper machine (only in integrated pulp- mills).

The manufacturing of bleached kraft pulp consumes about 10-14 GJ/ADt of heat energy (steam
for the production of electrical power not included). The consumption of electrical energy is
600-800 kWh/ADt, including the drying of pulp. The energy consumption for pulp drying is
about 25% of the heat energy and 15-20% of the electrical energy. Over 50% of the electrical
energy consumption are used for pumping.

The energy consumption depends on the process configuration, process equipment and process
control efficiency.

Table 2.23 below summarises reported average energy consumption as heat (excluding that for
back-pressure power generation) and electric power for some non-integrated and integrated pulp
mills.
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Pulp and paper grade Process heat Electric power
[GJ/t] [KWh/t]

Non-integrated production of bleached kraft pulp 14.4 760
- whereof external supply 1.2 0
Unbleached kraft pulp production with integrated 16.4 959
production of paperboard
- whereof external supply 1.5 388
Bleached kraft pulp with integrated production of 17.5 1218
uncoated fine paper
- whereof external supply 3.5 706

Table 2.23: Average energy consumption in Swedish pulp and paper mills in 1995

[SEPA report 4712]

From available data for Swedish mills in Table 2.23 to Table 2.29 [SEPA report 4712] energy
consumption and energy balances for a number of different mills are summarised per sub-
process. Thus, the main energy consuming process stages can be identified. The figures in
Report 472 represent a modernised mill like a mill built in the 1970s and since then modernised.
A newly built or recently modernised existing mill, would most probably have lower values.

Department Process heat Electric power
[MJ/t] [KWh/t]

Wood handling 200 45
Cooking 1700 64
Washing and screening 0 45
Evaporation 4000 21

Recovery boiler 600 48
Auxiliary boiler 0 23
Causticizing 0 14
Lime kiln 1500 7

Miscellaneous, pulp mill 2600 133
Total pulp mill 10600 400
Stock preparation 0 200
Paper machine 5800 350
Total paper mill 5800 550
Effluent treatment 0 9

Total per tonne of paper 16400 959

Table 2.24: Average energy consumption for the production of 243000 ADt/a unbleached Kraft
pulp, and integrated production of 250000 t/a paperboard
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Department Process heat Electricity
[MJ/t] [kWh/t]

Pulp mill
Recovery boiler, process steam +14500
Augxiliary boiler, process steam +2050
(only own bark)
Turbine generator -2050 +571
External supply (heat for lime kiln) +1500 0
Consumption (including lime kiln) -10600 -400
Effluent treatment 0 -9
Excess energy from pulp mill +5400 +162
Paper mill
Consumption -5400 -550
External supply 0 +388
Total external supply 1500 388

Table 2.25: Energy balance for the production of 243000 ADt/a unbleached Kraft pulp, and

integrated production of 250000 t/a paperboard

Department Process heat Electric power
[MJ/ADt] [KkWh/ADt]

Wood handling 150 55
Cooking 2050 65
Washing and screening 0 55
Oxygen delignification 400 45
Bleaching 500 83
Bleach chemical preparation 70 6

Bleached stock screening 0 40
Pulp drying 2850 105
Evaporation 4100 30
Recovery boiler 610 60
Power boiler 0 30
Causticizing 0 20
Lime kiln (direct heat) 1500 10
Miscellaneous, pulp mill 2170 136
Total pulp mill 14400 740
Effluent treatment 0 20
Total per ADt of pulp 14400 760

Table 2.26: Energy consumption for non-integrated 250000 ADt/a bleached Kraft pulp

Department Process heat | Electric power,
[MJ/ADt] [kWh/ADt]

Recovery boiler, process steam +17500
Power boiler, process steam (only own bark) +3000
Turbine generators -2600 +650
External supply +1200 0
Consumption (including lime kiln) -14400 -630
Effluent treatment 0 -20
Excess energy from pulp mill (including waste heat) +4700 0
Total external supply 1200 0

Table 2.27: Energy balance for non-integrated 250000 ADt/a bleached Kraft pulp
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Department Process heat Electric power
[MJ/t] [kWh/t]
Wood handling 230 46
Cooking 1800 55
Washing and screening 0 46
Oxygen delignification 400 38
Bleaching 500 70
Bleach chemical preparation 70 5
Bleached stock screening 0 34
Pulp drying 0 0
Evaporation 3600 25
Recovery boiler 600 51
Power boiler 0 25
Causticizing 0 17
Lime kiln 1300 8
Miscellaneous. pulp mill 1900 115
Total pulp mill 10400 535
Stock preparation 0 250
Paper machine 7100 420
Total paper mill 7100 670
Effluent treatment 0 13
Total per tonne of paper 17500 1218

Table 2.28: Energy consumption for an integrated bleached Kraft mill with 250000 t/a of surface-
sized uncoated fine paper.

Department Process heat Electric power
[MJ/t] [kWh/t]
Pulp mill
Recovery boiler, process steam +13800
Power boiler, process steam +2300
(Only own bark)
Turbine generator -2100 +512
External supply (incl. lime kiln) +1300 +36
Consumption -10400 -535
Effluent treatment 0 -13
Excess energy from pulp mill +4900 0
Paper mill
Consumption -7100 -670
External supply +2200 +670
Total external supply 3500 706

Table 2.29: Energy balance for an integrated bleached Kraft mill with 250000 t/a of surface-sized
uncoated fine paper

As shown in the tables above chemical pulping plants are energy-intensive installations that
consume high amounts of energy but at the same time produce steam and electrical power on
site by use of regenerative fuels. Thus, modern non-integrated kraft pulp mills are energy self-
sufficient mainly because of efficient energy recovery by burning 50% of the incoming wood in
the recovery boiler (strong black liquor) and the use of bark as auxiliary boiler fuel.
Furthermore, secondary energy from different process steps can be recovered as warm and hot

water (40-80° C). Fossil fuels are mainly used as support fuel (e.g. oil in the lime kiln).
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The conventional power plant configuration in a non-integrated kraft pulp mill is a recovery
boiler and a bark boiler feeding a back-pressure turbine with intermediate steam tapping and,
possibly, condensing. The recovery boiler acts as a power station where the strong black liquor
is burnt and generated heat is utilised for the generation of high-pressure, superheated steam.
Part of the energy content in the high-pressure steam is utilised for generating power in a back-
pressure turbine. Medium-pressure steam extracted from the turbine and low-pressure exit steam
are utilised for covering the heat energy demand in the kraft pulp process. The ratio of electrical
effect/heat effect is, usually, 0.2 - 0.3 [Finnish BAT report, 1997].

Malodorous gases are collected and burnt, mainly for environmental protection reasons, as there
is no/little net energy generation.

In an integrated pulp and paper mill the excess heat produced by the pulp mill is not quite
enough to cover the energy consumption of the paper production. The additional demand for
heat has to be produced in wood/bark boilers and auxiliary boilers. Fossil fuel is used as support
fuel in bark and sludge boilers and as the main fuel in auxiliary boilers as well.

Peaks in energy consumption are often satisfied by using a small boiler for fossil fuel.
Combined heat power plants (CHP) based on gas turbine in combination with a steam boiler and
steam turbine are very efficient and a few installations have been made in Europe. CHP plants
are used when the need for electrical energy at a paper mill is high because the electrical
effect/heat effect ratio is usually 0.8 - 0.9 [Finnish BAT report, 1997].

In the following some additional figures of energy consumption of single process stages of pulp
mills are compiled:

- De-icing will consume about 30 MJ of heat as hot water or steam per m® of wood processed.

- The total energy consumption in debarking is 7-10 kWh/m’ of wood [Finnish report]

- The energy for pulp drying (only market pulp) can be of the order of 3 GJ/tonne of pulp or
some 25% of the total heat requirement for a kraft pulp mill and 15-20% of the electrical
energy.

- The average electrical energy consumption in the manufacture of bleaching chemicals is
presented in Table 2.30.

Chemical and (bleaching stage code) | Electrical energy consumption
[kWh/kg chemical]

Chlorine dioxide (D) 10

Oxygen (0) 0.4

Ozone (2) 10

Peroxide P) 3.5

Alkali (E) 1.6

Table 2.30: Average electrical energy consumption in the manufacture of bleaching chemicals,
[Finnish report, 1997]

- External treatment of wastewater normally consumes energy [the following figures are
compiled from Finnish report, 1997]. Anaerobic treatment is an exception if the energy content
in the generated biogas is recovered by burning. The consumption of electrical energy in
activated sludge treatment is in the range of 1.2-2 kWh/kg of reduced BOD (aeration and
pumping), which is the equivalent of 1 -1.5 kWh/ m’. The energy consumed in filtration is
dependent on the drop in pressure across the medium. For example, the ultrafiltration of coating
wastewater consumes 3 - 5 kWh/m’. Evaporation at low pressure using mechanised vapour
recompression consumes 5 - 15 kWh/m’. Typical specific energy consumption per tonne of
bleached kraft pulp is reported as to 3 kWh/t for mechanical treatment and 46 kWh/t for
activated sludge treatment of the effluents from mills.
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2.2.2.7 Noise (local)

The debarking plant generates noise that can be controlled by carefully insulating the debarking
house. There are several other sources of noise like chipping, fans, engines, stacks and steam
vents. Trucks and other vehicles used at the plant can cause noise in the vicinity of the mill.
From two examples of Swedish pulp mills it can be assumed that the noise level about 500 m
from the middle of the pulp plant can be about 50 dB (A) over night and at about 2 km away it
can be about 45 dB (A). The guidelines for all existing industries in Sweden is <45 dB (A) over
night at the closest house where people live. This may be difficult to achieve if houses are
located very close to the mill as for example within a radius of < 500 meter.

2.2.2.8 Emission to soil and groundwater

If preventive control measures for storage and handling of chemicals are in place, well
maintained and controlled operation of pulp and paper mills usually should not give raise to
hazardous emissions to soil and groundwater.

A general policy for prevention of, preparations for and response to industrial accidents is
usually based on the prevention principle (e.g. Annex IV IPPC-D). That means that the plant is
constructed and operated in such a way as to prevent an uncontrolled development of normal
operation and as to reducing the consequences of accidents. The best safety techniques are
applied.

To prevent hazardous emissions to soil and groundwater from storage and handling of
chemicals the safety of industrial installations should be ensured by the following means:

* Design and operation of facilities in such a way that potential pollutant cannot escape

=  Possibility of quick and reliable detection of leakage from all parts of the facility which
come into contact with the hazardous pollutants.

» Single-walled underground containers are not sufficient for this purpose.

=  Quick and reliable detection of leaks of substances and their prevention from escaping and
properly disposal. When not double-walled and provided with a leak indicator, the facilities
are, as a rule, equipped with a collection system/device of a tight and durable design. As a
matter of principle, collection chambers may not have any discharge openings.

= Operating instructions including a monitoring, maintenance and an alarm plan are drawn up
and observed.

The technical and environmental aspects of storage and handling of chemicals do not
specifically relate to the pulp and paper industry and are therefore only briefly treated. They will
be covered by another horizontal BREF on emissions from storage of chemicals (of dangerous
substances and bulk material)

With regard to the cessation of activities and in order to avoid any pollution risk and to return
the site of operation to a satisfactory state, soil protection is of major importance. An integrated
approach requires making sure that at least the following measures are taken:

» Minimisation of the amount of soil that needs to be excavated or replaced due to
construction measures

= Minimisation of the additional input of substances into soil during the operation phase of a
facility (e.g. additional input due to spillage or due to deposition of airborne substances
should not lead to exceeding of precautionary soil levels. Ensuring a clean closure when a
facility will be shut down, e.g. cleaning up of contaminated soil, hazardous landfills
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2.3 Techniques to consider in the determination of BAT

In this paragraph all relevant techniques currently commercially available for prevention or
reduction of emissions/waste and reducing consumption of energy and raw materials, both for
new and existing installations are given. This list of techniques to consider in the determination
of BAT is not exhaustive and may be continued when reviewing this document. These
techniques cover in-process measures and end-of-pipe technology as well and stands for
possibilities for improvement to achieve integrated prevention and control of pollution.

In Table 2.31 an overview of techniques for reduction of emissions from kraft pulping are
given. In the rows the single available techniques are compiled. It was tried to give possible
cross-media effects of every technique in the same table. It can be concluded that it is not an
easy task to describe cross-media effects in a way that would not cause any dispute. There are a
lot of "grey-zones" in the assessment of cross-media effects. Furthermore, they may depend on
other techniques, which may be linked to a given measure, the reference to which a technique is
compared with and the system boundary taken into account as well. Therefore, the qualitative
assessment of cross-media effects should only be taken as help for operators or inspectors which
side-effects a measure may possibly occur and is not much more than a starting-point when
considering possible shifts of pollution. The results of the assessment should not be considered
as imperative. Furthermore, prevention and control measures can avoid some of them. Besides
other things, the cross-media effect will also depend on the specific conditions of every mill.
Therefore, a general statement can hardly be given. However, the table may indicate at which
environmental media (water, air, waste, and energy) a measure is aiming at. The corresponding
paragraphs under the detailed discussion of every technique give further explanations.

In the columns the tendency of effects caused by different techniques on emissions, raw
material consumption and the mill performance are indicated qualitatively by using arrows up
"1" and down "!". The arrows down "!" indicate savings of raw materials or energy and a
reduction of emissions into the different media water, air and soil. Arrows up "1" indicate an
increase of emissions, consumption and impacts on the production process. Some of the
measures for pollution prevention and control presented in this section concern more than one
environmental medium (as water, air or soil) at a time. Some techniques may have a positive
and/or negative impact on other environmental media or on raw material and energy
consumption (cross-media-effects). The given effects will be noted by using the arrows. An
arrow in brackets "(1)" means only a slight - often negligible - increase of energy consumption,
raw material use or emission to environment when implementing a certain measure. The
economic aspects (investments, operational costs) are not included in the table but are explained
in the text. Data on economics can only give a rough picture and indicate the levels of costs.
They will vary with the design of the whole plant and depend among others on the size of the
mill and how a measure fits together with other mill equipment.

Each technique is provided with a reference mark, which helps to identify the according section
in the text where each single technique is discussed in detail. In the following the use of Table
2.31 is explained by means of the brief discussion of one technique (see Section 2.3.1 "dry
debarking"):

In a transfer from wet debarking to dry debarking there is no effect on chemical consumption.
Energy consumption in debarking increases due to the operation of the debarking drum in dry
debarking mode. On the other hand, substantial amount of energy may be gained, if the bark is
used as an auxiliary fuel at lower water content. Dry debarking results in a significant decrease
of emissions to water, e.g. flow reduction in the range of 5 - 10 m’/t, TSS reduction in the range
of 2 - 10 kg/t and total COD loading can be reduced up to 10%. There are no effects on air
emissions and on solid waste generation.
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In this Chapter the main technical options with the best environmental and economical
performance are highlighted. It has been tried to discuss the single measures following a
uniform structure to have a similar presentation of all techniques to consider in the
determination of BAT. Of each technique a description, discussion of applicability, main
achieved environmental performance, monitoring of emissions, cross-media effects, operational
experiences, data on economics, driving force for implementing this technique, reference plants
and literature are given. Most of the techniques can be found in numerous plants in Europe
whereas a few of them are only implemented in some mills.

The right combination out of this list of techniques offers the opportunity to the mills to achieve
both good environmental and economic performance at the same time. However, it is up to the
mill, which of the possible techniques is applied to achieve the resulting consumption and
emission levels given in the next chapter "Best Available Techniques". The description of each
technique includes an outline of advantages, drawbacks and consequences of the
implementation of a certain technique.

Pulp and paper mills are characterised by a relatively high degree of integration so that most of
the opportunities for improvement are process-integrated measures. But a few end-of-pipe
techniques that are considered as BAT are described as well. One has to bear in mind, that there
is a certain overlapping between the further down described process-internal solutions and
external control measures.
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Techniques to consider in the
determination of BAT

Effects on the consumption and emission level (cross-media effects)

Impact on the production
process

Chemical Energy Emission |Emissio [Solid waste| E.g. energy balance, yield,
consumption consumption to water | nto air mill performance
3.3.1 Dry debarking n.e. 1 in debarking 1 COD, n.e. n.e. 1 energy generation in bark
LTSS, boilers
| flow
3.3.2 Extended modified cooking to a low|t in cooking (1) cooking (c), 1 COD 1 odour |n.e 1 energy generation,
kappa 1 lime demand | cooking (b) 1 AOX (1/1) final pulp yield
Continuous (c) or batch (b) | inbleaching [(1) evaporation,
(1) lime kiln
3.3.3 Closed screening n.e. n.e. 1 n.e. n.e. n.e.
3.3.4 Oxygen delignification 1 in Op-stage 1 O,-stage, ! n.e. (1)dregs |(1 energy generation)
| in bleaching 1 white liquor
oxidation,
1 caustic.&lime
kiln
3.3.5 Ozone bleaching 1 in Os-stage 1 Os-stage, ! n.e. n.e. n.e.
| in bleaching 1 O3 generation,
| in bleaching
3.3.6 ECF bleaching technique (vs. TCF) " [(1/1) (1/1) 1 AOX, [1CL |[ne ne.
(at same incoming low Kappa) t ClOy
3.3.7 TCF bleaching technique (vs. ECF) " [(1/1) (1/1) (1 COD), |[n.e. n.e n.e
(at same incoming low Kappa) I AOX,
1 N chelat.
agent)
3.3.8. Partly closure of the bleach plant + in-|1 bleaching 1 evaporation ! (1) (1 dregs) [(} water consumption)
creased evaporation
3.3.9 Collection of almost all spillage n.e. (1_evaporation) . n.e. n.e. n.e.
3.3.10 Efficient washing and process control | bleaching 1 washing (electr.) |1 n.e. n.e.
1 cooking
3.3.11 Stripping and re-use of condensates | in bleaching 1 steam 1 COD, N |! odour [n.e n.e.
3.3.12 Buffer tanks for concentrated liquids ~ |n.e. n.e. 1 n.e. n.e. n.e.
3.3.13 Biological wastewater treatment B B | (1t odour) |1 Sludge burning ?
3.3.14 Tertiary treatment (precipitation) 1 1 I n.e. 1 Sludge burning ?
3.3.15 Increase of DS of black liquor n.e 1 evaporation n.e. 1 SO,, |ne 1 evaporation capac. needed
(1 1 energy generation in the
NOx) rec. boiler, 1 prod. capacity
3.3.16 Installation of scrubbers on the[n.e. 1) n.e Il n.e. (1/1) energy balance
recovery boiler
3.3.17 Incineration of odorous gases in the|]l S make-up|t handling system |n.c. L TRS [ne 1 energy generation
recovery boiler demand/ (burning with heat recovery)
1 S excess
3.3.18 Incineration of odorous gases in the|l S make-up|t handling system |n.c. L TRS [ne (1 energy generation)
lime kiln demand/
1 S excess
3.3.19 Incineration of odorous gases in a|l S make-up|t handling system |n.c. L TRS, [n.e 1 energy generation
separate furnace + scrubber demand/ (1 NOx) (burning with heat recovery)
1 S excess
3.3.20 Low NOx auxiliary boilers n.e. n.e. n.e. INOx [n.e n.e.
Low NOx burners in the lime kiln
3.3.21 SNCR on bark boilers 1 urea/NH; 1 handling system [n.e INOx |[n.e. n.e
(1 NH3)
3.3.22 Low NOx recovery boiler by using|n.e. n.e. n.e INOx [n.e n.e
Over Fire Air technique (OFA)
3.3.23 Improved washing of lime mud n.e. n.e. n.e LTRS [ne n.e
3.3.24 ESP on bark boiler and lime kiln n.e 1 electricity n.e | dust n.e n.e.

Notes:

t = increase; | = decrease; n.e. = no (or negligible) effect. (1/1) = may or may not have an effect/little impact

depending on the conditions; "

assumed that there is an efficient wastewater treatment

Table 2.31: Overview of available techniques in kraft pulping and their impact on the environment
and the mill performance respectively
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2.3.1 Dry debarking

Description of the technique: In woodhandling the discharges of organic compounds and
suspended solids can be reduced with dry debarking. Wet debarkers rotate logs in a pool of
water and remove bark by knocking the log against the side of a drum by using large volumes of
water. The water used in this process is recycled but a certain amount is lost as overflow to
carry away the removed bark. In wet debarking 3 to 10 m’ of water per tonne of pulp are
discharged. Organic compounds like resin acids, fatty acids etc. and highly coloured materials
leach out of the bark and into this wastewater stream.

In recent years dry debarking has been installed in many mills. Process water is used only for
log washing and de-icing (in cold climates water or steam is used for thawing of wood) and is
recirculated effectively with minimum generation of wastewater and water pollutants. Dry
debarking creates bark with a lower water content, which will result in a better energy balance
for the mill. Less water is needed in the debarking and the dissolved amount of organic
substances is reduced.

Raw effluents from a debarking plant are toxic to aquatic life. Biological treatment has proven
to be very efficient in eliminating toxicity.

Applicability and characterisation of the measure: Process integrated technique. The dry
debarking or one with low wastewater discharges can be applied at both new and existing mills.
Dry debarkers already dominate the industry, and wet systems are in the process of being
phased out. New mills almost exclusively and an increasing number of existing mills are using
dry debarking.

Main achieved environmental performance: With dry debarking, the wood handling
wastewater volume is usually in the range of 0.5-2.5 m’/ADt. Decrease in wastewater amount is
obtained by increased internal water circulation. By changing from wet debarking to dry
debarking, the wastewater amount would decrease often by 5-10 m*/ADt. With dry debarking
the total COD loading can be reduced up to 10 %. Typical discharges of dry debarking are as
follows:

Debarking technique | Effluent Volume BOD; COD tot-P
[m*/t of pulp] |[Kkg/t of pulp] [kg/t of pulp] | [g/ t of pulp]

Wet debarking and 3-10 5-15 20 -30 25-35

barkpress

Dry debarking and 0.5-25 0.5-25 1-10 10 20

barkpress

Table 2.32: Pollution load of wet and dry debarking effluent before biological treatment
[Finnish Report, 1997]; BOD, has been converted into BODs by use of the formula BOD, /1.16 =
BOD; proposed within the same report; kg pollutant/m’ wood has been converted into kg
pollutant/t of pulp by assuming a typical pulp wood consumption of 5 m® wood/t of pulp

The higher bark dryness in the boiler feed improves the energy efficiency, meaning that
emissions per the amount of produced energy will drop.

Cross media effects: Energy consumption in debarking may increase due to the operation of
the debarking drum in dry debarking mode. On the other hand, substantial amount of energy
may be gained, if the bark is used as an auxiliary fuel at lower water content.
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Operational experiences: Where wet debarking is used, improved water recirculation coupled
with grit and solids removal systems for water has been applied with success. Dry debarking
usually requires fresh wood in order to obtain good debarking results.

Economical aspects: The costs of dry drum debarkers should not differ significantly from a wet
system. Typical investment cost of a completely new dry debarking system is about 15 MEuros
for a capacity of 1500 ADt/d pulp.

The conversion of an existing wet debarking system to a dry debarking system costs 4-6
MEuros. These costs include equipment and installation. Possible site-specific need for new
buildings, special noise abatement costs or similar are not included but they may further
increase the costs. Operating costs are 250000— 350000 Euro/a but in both cases it may involve
considerable investments.

Driving force for implementing this technique: The dry debarking decreases TSS, BOD and
COD load as well as organic compounds like resin acids, fatty acids leaching out of the bark
and into this wastewater stream. Some of these substances are regarded as toxic to aquatic life.
The measure also increases energy yield.

Reference plants: Numerous plants in Europe and North America.

Literature
[J. Poyry, 1997a], [SEPA-Report 4712-4, 1997], [Finnish BAT Report, 1997]

2.3.2 Extended modified cooking (batch or continuous) to a low kappa

Description of the technique: Delignification before the bleach plant is done in digesters and,
at many mills, also by use of oxygen delignification. Therefore, measure 2.3.2 "extended
modified cooking" and 2.3.4 "oxygen delignification" should be considered as a unit because
what is essential from an environmental point of view is the total degree of delignification
achieved as a result of delignification in the stages before the pulp enters the bleach plant. There
should be a balance between kappa reduction in cooking and in oxygen delignification since the
selectivity is much higher in the latter system (see 2.3.4). For the mill it is important to control
the various processes so that yield and strength characteristics are optimum for a given lignin
content.

In order to decrease the lignin content (lower kappa numbers) in the pulp entering the bleach
plant so as to reduce the use of the expensive bleaching chemicals, extended delignification (or
modified kraft cooking) was introduced in the end of 1970s and at the beginning of 1980s. The
reduction in lignin content will reduce the amount of pollutants discharged while increasing the
amount of organic substances going to the recovery boiler. Several modified kraft processes in
both continuous and batch systems have been developed and applied commercially.

Continuous cooking

In the continuous system, Modified Continuous Cook (MCC), Extended Modified Continuous
Cook (EMCC) and Isothermal Cooking (ITC) represent the three alternatives. In the MCC
process, the cooking zone in the digester is divided into two zones, namely an initial co-current
zone and a subsequent counter-current zone. The charge of the white liquor is split between the
two zones. The purpose of the modification has been to decrease the initial alkali concentration,
keep an even concentration of alkali during the cooking process and a low concentration of the
dissolved lignin in the final part of the cook. EMCC process was developed on the basis of the
MCC process. The difference is that in the EMCC process, white liquor is also charged to the
washing zone in order to extend further the delignification in the digester.
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The newest development within cooking technology is Iso Thermal Cooking (ITC) which is a
further improvement of MCC. In ITC the whole digester vessel is used for delignification which
means milder conditions (lower cooking temperature) is achieved and consequently the strength
of pulp maintained. Depending on the target kappa number the charge of cooking chemicals is
either unchanged or slightly higher. Since ITC means a lower cooking temperature there is no
increase in steam usage and the impact on yield is limited.

Batch cooking

In the discontinuous system, there are three commercially applied processes: Rapid
Displacement Heating (RDH), SuperBatch and EnerBatch. In the RDH and Superbatch
processes, a pretreatment (impregnation) with black liquor is carried out in order to decrease the
heat consumption and at the same time to increase the initial sulphide concentration and
decrease the effective alkali charge. In the Enerbatch process, a pretreatment with white liquor
followed by a pretreatment with black liquor is performed. All these displacement cooking
processes show a substantial energy saving and an improved pulp quality.

The lignin content is usually measured as the kappa number with a standardised method.
Conventional cooking has its limits, regarding how low the kappa number can be brought
without deterioration of pulp quality (This kappa number is around 30-32 for softwood and 18-
20 for hardwood). By use of several cooking modifications the kappa from the cooking of
softwood can be reduced to a level of 18-22 for softwood and 14-16 for hardwood, while the
yield and strength properties are still maintained. The kappa reduction depends beside others on
the modified cooking technology applied and whether a retrofitted or new installation is used.
As an example the Kappa trends in Finnish kraft pulp mills are shown in Figure 2.8.
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Figure 2.8: Kappa trends in Finnish kraft pulp mills
[Finnish BAT Report, 1997]

Applicability and characterisation of the measure: Process integrated technique. The
measure can be adopted in new kraft mills and to a limited extent in existing mills.

A number of continuous digesters have been retrofitted to ITC without having to sacrifice
production. However, this possibility has to be evaluated in each individual case (this has to do
with the dimensions of the pressure vessel in relation to the capacity). Some other continuous
digesters have been rebuilt to MCC. To achieve this, white liquor is pumped into the digester at
several points. With MCC and ITC it is possible to cook the pulp to lower Kappa number,
without losses in quality (Kappa number 20 - 24 for softwoods and 14 - 18 for hardwoods). In
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continuous cooking systems the capacity of the plant would decrease with extended cooking and
imply higher cost burden to the pulp mill.

In batch cooking, extended delignification is carried out by means of displacement and black
liquor recycling techniques. The process is possible to install as retrofit in conventional plants,
if the digester capacity is large enough. In a new installation the kappa number from the cook
may be kept at 15-16 for softwoods and at about 12 for hardwoods. In practice, the
modifications of an existing batch cooking system are possible to carry out with additional
batch digesters and additional investment costs without losing the capacity of the cooking plant.

Main achieved environmental performance: Lower lignin content means fewer discharges
from the bleach plant of not only organic substances but also nutrients (e.g.). One kappa unit
corresponds roughly to 0.15 % lignin in the pulp. If the kappa number of pulp from cooking or
oxygen delignification (see 2.1.6) can be lowered by one unit the COD released in the bleach
plant would reduce by approximately 2 kg/ADt (COD from TCF-bleaching can be as high as
about 3 kg COD/kappa number). However, to get a figure on the total discharge from the bleach
plant one has to add the amount of pollutants which has not been washed out in the closed part
of the process (see 2.3.10).

Cross media effects: Extended cooking affects several elements in the kraft process:

* the consumption of active alkali (NaOH + Na,S) may slightly increase

* the amount of dissolved substances going to the recovery system increases

* heat generation in the recovery boiler increases

* the demand for bleaching chemicals decreases

e there is a lower pollutant load in the wastewater from bleaching

* in modified batch cooking the energy consumption and blow steam amount decrease in the
cooking, but the steam consumption in the evaporation of the black liquor may increase.

The impact of extended cooking on production is very site specific.

Operational experiences: Kappa number reductions of 6-7 units for softwood and 4 - 5 units
for hardwood have been accomplished without loss of strength properties.

Economics: Investment costs for modification of existing conventional cooking system for
extended delignification are 4-5 MEuros at the mill producing 1500 ADT/d. In order to utilise
BOD- and COD-reduction, the washing efficiency should be increased as well. This would cost
2-4 MEuros more. However, with ITC there is no need to add more washing equipment if the
retrofit is made at constant capacity. With continuous digester or when the recovery boiler is
already operating with full capacity, the production loss can be 4-8 %. In such cases ways to
accommodate for the increase in solids load are to be found as additional evaporation stages to
increase the dry solids concentration in the black liquor, anthraquinone addition in pulping or
adding of incremental boiler capacity.

Generally, the impact of extended cooking on production is very site specific. If the chemical
recovery system is a bottleneck at a mill then introduction of extended delignification risks a
loss in production due to the increased demand on that part of the system (see above).

Driving force for implementing this technique: The reduction of emissions to water is the
main reason to implement this technique. A beneficial effect is also a reduction of the
consumption of expensive bleaching chemicals. This reduction should be compared to the
possible loss of yield and increased wood consumption, in order to judge possible net cost
savings case by case.

Reference plants: Numerous plants in Europe.
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Literature:
[J. Poyry, 1997a], [J. Poyry, 1997b], [Finnish BAT Report, 1997], [Bowen, 1990]

2.3.3 Closed screening

Description of the technique: The water system in the brown stock screening plant can be
completely closed which is reality in most European mills. With modern wood handling and
cooking down less than 0.5 % knots and shives are left in the pulp after cooking. The closing
contributes to the reduction of organic compounds in the effluents and they are then recovered
and incinerated in the recovery boiler. The idea is to bring the clean counter-currently through
the fibreline, which gradually increases the dry solid content of the liquor.

Applicability and characterisation of the measure: Process integrated technique. The measure
can be adopted in new and existing kraft mills.

The closing of the washing and screening may require supplementation or replacement of existing
equipment with new units to reach lower wash water consumption and to have better materials to
resist corrosion. In a few existing mills the capacity of the evaporation plant or the recovery boiler
may need to be increased to cope with the improved closure of the washing and screening
departments.

Main achieved environmental performance: The closing contributes to the significant
reduction of organic compounds in the effluents. They are then recovered and incinerated in the
recovery boiler. Thus, the screening plant has no discharges to water.

Cross media effects: Energy consumption increases due to increased need for evaporation.

Operational experiences: The measure has been applied since 1980s with good experiences.
For instance, in Finland closed screening and brown stock washing is reality in almost all mills.

Economics: Investment costs for closed screening case are typically 4-6 Metros with new mills
and 6-8 MEuros at existing mills. Operating costs are 0.3-0.5 MEuros/a for a capacity of 1500
ADT/d.

An important development step in screening is that today it is possible to screen at higher pulp
consistencies than before. Consequences are lower investment costs and consumption of
electrical energy.

Driving force for implementing this technique: The reduction of emissions to water is the
main reason to implement the technique.

Reference plants: Numerous plants in Europe.

Literature
[J. Poyry, 1997a], [J. Poyry, 1997b], [SSVL 1974]

2.3.4 Oxygen delignification

Description of the technique: After cooking the fibres still contain some lignin which must be
removed before final bleaching. To preserve pulp strength, the lignin must be removed in a
selective way with minimum damage to the cellulosic part of the fibres and with minimum yield
loss. About half of the remaining lignin in the brown stock can be removed and recovered by
adding oxygen to an alkaline fibre suspension. In oxygen delignification oxygen, oxidised white
liquor and magnesium sulphate is mixed with the pulp at either high consistency (25-30 %) or
medium consistency (10-15 %) in a reactor. An oxygen delignification stage has also been called
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oxygen bleaching (oxygen stages are nowadays also used in the bleach plant and in this report
oxygen delignification is used for the processing of unbleached pulp). In order to maintain the
sodium balance of the mill, the oxygen stage normally uses the oxidised cooking liquor, where
sodium hydroxide is the main alkaline chemical and sodium sulphide has been oxidised to
thiogulphate. The delignification reactor is pressurised and the temperature is elevated to about
100°C.

The oxygen delignification takes place in one or two stages after the cooking and prior to the
bleaching and can achieve a delignification efficiency of 40 to 60%. An efficiency over 40%
normally requires two-stage installations. The waste liquor is sent counter-currently to the
chemical recovery system. In Figure 2.9 and Figure 2.10 examples for a modern process lay out
of one-stage and two-stage delignification are given.
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Figure 2.9: One stage oxygen delignification
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Applicability and characterisation of the measure: The measure can be adopted in new and
existing kraft mills but not in the same way and at the same costs.

The installation of oxygen delignification phase in the existing kraft mill may decreases the fibre
line production, if there is not enough spare capacity in the whole recovery system.

The additional evaporator steam requirements are from 0 - 4 % for high consistency system and
from 4 - 10 % for medium consistency system. The total additional solids load is about 70 kg/t for
softwood and 45 kg/t with hardwood. The steam generation of the excess solids is about 1.5 - 2.5 %
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less than the increasing of solids load because of a lower heating value of the black liquor from
oxygen stage.

Main achieved environmental performance: The major benefits of oxygen delignification are
decrease of the amount of chemicals in final bleaching and total costs for bleaching chemicals
and decrease of pollution load from the bleaching plant (COD and chlorinated organic
compounds from final bleaching in case of ECF bleaching). Modern mills are always designed
for a combination of modified cooking and oxygen delignification and for the effect on the
environment (discharges of COD and AOX) both techniques have to be considered together.

Table 2.33 summarises kappa numbers currently achieved with different delignification
technologies and gives a rough comparison of the effluent loads to be expected with and without
extended delignification.

Delignification technologies | Kappa for Kappa for Calculated COD load [kg/t]
hardwood softwood from the bleach plant
Hardwood Softwood
Conventional cooking 14 -22 30-35 28 -44 60 - 70
Conventional cooking + 13-15 18-20 26 -30 36 -40
oxygen delignification
Extended/modified cooking 14 -16 18 -22 28 -32 36 -44
Extended cooking + oxygen 8-10 8-12 16 -20 16 -24
delignification

Table 2.33: Kappa numbers currently achieved with different delignification technologies and
comparison of the calculated effluent COD without considering the washing losses

The reduction of kappa, organic substances and the consumption of chemicals in oxygen
delignification are strongly related to the efficiency of washing between stages. The mentioned
environmental performance is not reached without efficient washing (see 2.3.10).

Cross media effects: In energy consumption the measure means slightly increased energy
recovery from dissolved organic substances but also decreased heat value of the black liquor
from the inorganic compounds.

An increased recovery could contribute to increased NOx emissions from the recovery boiler.

Operational experiences: The strength properties of oxygen bleached pulp and conventionally
bleached pulp are very similar although oxygen bleached pulp has lower average viscosity. No
significant differences are seen in burst factor and tear factor at given breaking length.

According some mill experiences an oxygen stage before softwood bleaching sequence results
in more particles and shives.

Economics: Investment cost for an oxygen delignification system is typically 35 - 40 MEuros
for 1500 ADt/d bleached pulp production. Its operating costs are 2.5-3.0 MEuro/a. However, the
oxygen delignification will decrease the chemical consumption in bleaching. The net effect is a
cost saving which depends on the wood species. At existing mills, additional dry solids loads to
recovery boiler have been reported up to 10 % and more general it is at least 4-6 % additionally,
and 4-6 % more capacity would be required in recaustising and lime kiln. Should this capacity
not be readily available, it normally results to a corresponding loss in production capacity of the
whole mill.

Driving force for implementing this technique: The reduction of emissions to water (effluent
treatment plant and recipient) is major reason to implement the method.
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Reference plants: Numerous plants in Europe and in America.

Literature:
[J. POoyry, 1997b], [Finnish BAT Report, 1997], [J. Poyry, 1997a], [Bowen, 1990]

2.3.5 Ozone bleaching

Description of the technique: Ozone bleaching is related to the production of ECF and TCF
pulps. The main purpose of using ozone is to provide more delignification power. Ozone
activates the fibres towards peroxide and this results in higher brightness and lower peroxide
consumption.

Ozone is generated by means of silent electrical discharges in a stream of oxygen gas. Ozone-
bleaching (O;) has very high investment costs due to the high costs of ozone generators and
auxiliary equipment for ozone generation. Since the ozone concentration will be only about 14-
16 % in oxygen, fairly large volumes of oxygen are required. Thus, the operating cost is rather
high due to a relatively high cost of oxygen (needed for ozone generation) as well as to the high
power consumption. A modern ozone generator may consume 10-15 kWh/kg ozone when
feeding it with oxygen.

Applicability and characterisation of the measure: Process integrated measure. The measure
can be adopted in new and existing kraft mills.

Main achieved environmental performance: In ECF bleaching replacement for chlorine
dioxide further reduces the discharges of AOX ("ECF light"). In TCF bleaching ozone is a
common bleaching stage. In TCF mills the use of ozone and other chlorine free bleaching
chemicals makes is less complicated to close up the filtrate streams from washing stages (see
2.3.8). A pressurised (PO)-stage at the end of the bleaching sequence is another option to reduce
the charge of chlorine dioxide. In TCF pulp mills a PO stage is relatively frequent.

Cross media effects: No major cross media effects.

Operational experiences: Ozone with ECF bleaching plant normally results in pulp with the
same papermaking properties.

Economics: Investment costs for a 1500 Adt/d ozone bleaching system are 12-15 MEuro.
Corresponding operating costs are 1.8-2.1 MEuro/a.

Driving force for implementing this technique: The reduction of emissions to water (AOX) is
the main reason to apply this method.

Reference plants: About 16 plants since 1992 of which 13 plants are for kraft pulp mills.
Literature:

[J. Poyry, 1997b], [Finnish BAT report, 1997], [J. Poyry, 1997a], [Fuhrmann, 1998]

2.3.6 ECF bleaching technique

Description of the technique: ECF bleaching (Elemental Chlorine Free) is a bleaching
sequence without the use of elemental chlorine (chlorine gas, Cl,). In ECF chlorine dioxide is

usually the main bleaching agent. The lignin removal by bleaching is carried out in several stages,
the first two stages primarily releasing and extracting lignin and the subsequent stages stand for
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removing the lignin residues and finishing the product. A bleach plant consists of a sequence of
separate bleaching stages with different chemicals or combination of chemicals added.

The elemental chlorine can be replaced with chlorine dioxide in the first bleaching stage, because
the chlorine dioxide per chlorine atom has a fivefold oxidation power compared with chlorine and
it has practically the same selective lignin removal properties. Reinforcing the alkaline extraction
stages in bleaching with oxygen and/or hydrogen peroxide results in an enhanced oxidising
bleaching effect, which reduces the residual lignin content of the pulp before the final chlorine
dioxide bleaching stages.

Increasing the degree of chlorine dioxide substitution decreases the formation of chlorinated
organic substances and eliminates the formation of dioxins, which are considered to have adverse
environmental effects in the receiving waters.

The increased substitution of chlorine by chlorine dioxide requires generally modifications in the
bleaching process and also expansion of the on-site chlorine dioxide plant.

Various technical solutions have been tested and some of them have been proven to be more
appropriate for full-scale production. The ECF-bleaching is different for softwood and hardwood,
and in existing mills the possible ECF-concept is tied with the current bleaching process. Generally,
to reach a certain brightness target hardwood requires fewer chemicals than softwood, which
usually means that the number of bleaching stages can be shorter. Table 2.34 is listing a number of
options out of the big amount of possible variations. Examples for light ECF sequences are
(DZ)(EOP)D, (DQ)(PO), D(EOP)D(PO) and these can be applied for both hardwood and softwood
depending on the brightness target.

ECF / Softwood ECF / Hardwood
D(EP)D D(EOP)D(EP)D
DPDP D(EO)D(EP)D
D(EOP)DD D(EOP)DD
D(EO)DD D(EO)DD
D(EO)D(EP)D QDPZP
DQ(PO)
D(EOP)DED
D(EO)D(OP)
D(EOP)D(OP)
(OP)DQ(PO)
Notes:
D = Chlorine dioxide bleaching stage using a solution of chlorine dioxide (ClO,) in water. E = alkaline extraction
stage using NaOH; EO = alkaline extraction stage using NaOH with subsequent addition of gaseous oxygen as a
reinforcing agent; EP = alkaline extraction stage using NaOH with subsequent addition of H,0,-solution as a
reinforcing agent; P = alkaline stage with H,0, as liquid; EOP =alkaline extraction bleaching stage using sodium
hydroxide with subsequent addition of oxygen and hydrogen peroxide solution as a reinforcing agent; Q = Acid
stage where chelating agent EDTA or DTPA has been used for removal of metals; Z = Ozone bleaching using
gaseous O3, PO = Pressurised peroxide bleaching

Table 2.34: Bleaching sequences in ECF softwood (SW) and hardwood (HW) kraft processes

Chlorine dioxide has the highest selectivity among technical bleaching chemicals. Bleaching
with only chlorine dioxide in the first bleaching stage means that the total charge of effective
chlorine has to be increased and oxygen and hydrogen peroxide are more extensively used in the
extraction stages compared to a conventional C or C/D stage.

Example of the chlorine dioxide stage (D) characteristics:
Pulp consistency:10 %; Reaction time: 30 min; Temperature: 60°C; Final-pH: 3.5
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Example of alkaline extraction stage characteristics reinforced with oxygen and peroxide
(EOP):

Pulp consistency: 12 %; Reaction time: 60 min; Temperature: 60 - 70°C; Alkali charge: 10 - 20
kg/ADt; Oxygen charge: 3 - 6 kg/ADt; Hydrogen peroxide charge: 2 - 4 kg/ADt

Peroxide can be applied in several positions or several different ways:

Reinforcement of a mild initial oxygen stage (low or moderate charge)

Reinforcement of alkaline extraction stages (low charge)

Final brightness adjustment in high density storage towers (low charge)

Separate delignification/bleaching stage (high charge)

Separate pressurised delignification/bleaching stage (high charge, PO). The positive impact
of having a (PO)-stage in the end of the bleach plant is that ECF pulp can be produced in an
existing mill without having to invest in additional chlorine dioxide capacity.

Applicability and characterisation of the measure: The measure can be adopted in new and
existing kraft mills. Conversion of existing mill to ECF mill has been possible but require often
considerable modifications in the fibre line and chlorine dioxide production: Chlorine dioxide
generators have to be upgraded to meet the increased demand of this bleaching chemical. Existing
bleach plants have to be retrofitted with different chemical mixing etc. systems. Bleaching chemical
cost will increase.

Main achieved environmental performance: Eliminates 2,3,7,8-TCDD and 2,3,7,8-TCDF to
non-detectable levels. However, the complete elimination of dioxins in ECF bleached effluents
is a question of kappa-number and purity of ClO,. With high kappa and impure ClO, (i.e. high
concentration of Cl,) the probability of forming dioxins increase. Eliminates the priority
chlorophenols proposed by the U.S. Environmental Protection Agency (EPA) for regulation to
non-detectable levels. Decreases chloroform formation. Decreases chlorinated organic
compound (AOX) formation to a level of 0.2-1.0 kg/ADt prior to external effluent treatment.
Usually AOX levels < 0.3 kg AOX/ADT can easily be achieved by ECF bleaching.

Cross media effects: Implementation of ECF has required the pulp and paper industry to
increase the use of substituting bleaching chemicals which require considerable amounts of
energy in manufacturing of chlorine dioxide, oxygen and hydrogen peroxide.

Operational experiences: The production of ECF has been tested and practised in full-scale
pulp lines for several years.

Economics: The investment costs for a 1500 ADt/d ECF bleaching system are 8-10 MEuros at
new mills and 3-5 MEuros at existing mills. The operating costs are 10-12 MEuro/a. These costs
are based on the assumption that an existing bleach plant can be used and the investment costs
include then the necessary increase in chlorine dioxide production. The operating costs also
contain thus the additional cost of using chlorine dioxide instead of elementary chlorine for
bleaching.

Driving force for implementing this technique: The reduction of AOX emissions to water
(effluent treatment plant and recipient) is the main reason to implement the method.

Reference plants: Several plants in Europe, North and South America and South Africa.
Literature:

[J. Poyry, 1997b], [Finnish BAT report, 1997], [J. Poyry, 1997a], [ECF, 1997], [SEPA-Report
4713-2, 1997]
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2.3.7 TCF bleaching technique

Description of the technique: Totally Chlorine Free (TCF) bleaching is a bleaching process
carried out without any chlorine containing chemicals. TCF bleaching has been developing
rapidly, even if its application has required commonly several modifications in the pulping
process. In TCF-bleaching hydrogen peroxide together with ozone (Z) or peracetic acid (PA) are
the most commonly used chemicals. Provided that the pulp has a low enough kappa number
after extended cooking and oxygen delignification and that transition metals (e.g. Mn®") have
been removed in the necessary chelating stages (Q-stages), it is possible to attain full market
brightness with peroxide as a the sole bleaching chemical. However, the dose-response curve
for brightness versus peroxide consumption is quite shallow at top brightness, which means that
even small disturbances in the incoming kappa number can cause rather high bleaching costs
and downgrading of the pulp because of low brightness.

One possible option of reducing the hydrogen peroxide consumption is to introduce an ozone
stage into the sequence in a position before the peroxide stage (ZQP). Ozone is very efficient to
reduce the amount of peroxide required to obtain even very high brightness levels. A drawback
with ozone is that in larger charges it has a tendency to attack the cellulose chains.

Peracids have now become commercially available in the form of e.g. peracetic acid (PA). This
bleaching chemical is a valuable complement in a stage preceding hydrogen peroxide where it
can replace ozone. Full brightness can be achieved even when the unbleached pulp has a slightly
higher kappa number than the very lowest. The drawback with peracetic is its still rather high
cost.

Examples for different TCF bleaching sequences are listed in Table 2.35.

TCF/SW TCF/HW
Q(EP)(EP)(EP) QPZP
Q(OP)(ZQ)(PO) Q(OP)(ZQ)(PO)
QEOP)Q(PO) QEOP)Q(PO)
Q(OP)ZQ(PO) Q(OP)ZQ(PO)

Notes:

Q = Acid stage where chelating agent EDTA or DTPA has been used for removal of metals; EP = Extraction stage
using NaOH with subsequent addition of H,O,-solution as a reinforcing agent; EOP =alkaline extraction bleaching
stage using sodium hydroxide with subsequent addition of oxygen and hydrogen peroxide solution as a reinforcing
agent; EO = Extraction stage using NaOH with subsequent addition of gaseous oxygen as a reinforcing agent; P =
Alkaline stage with H,0, as liquid; Z = Ozone bleaching using gaseous O3, PO = Pressurised peroxide bleaching

Table 2.35: Bleaching sequences for TCF softwood and hardwood (HW) kraft pulping

Example of Q-stage characteristics:
EDTA: 1-2 kg/ADt; pH: 5.7 - 6.2; Pulp consistency: 10 %; Reaction time: 60 min; Temperature:
90°C

Example of E-stage (alkaline extraction stage) characteristics reinforced with oxygen and
peroxide (EOP):

NaOH: 10 - 20 kg/ADt; Oxygen: 3 - 6 kg/ADt; H,O,: 2 - 4 kg/ADt; pH: 11; Reaction time: 60
min; Temperature: 60 - 70°C;

Example of P-stage characteristics :
H,0,: 20-40 kg/ADt; pH: 11 - 11.5; Retention time: 4 h; Temperature: 90°C

The first TCF bleaching sequence was based on peroxide under alkaline conditions and an
extensive use of hydrogen peroxide is still the main feature of all TCF bleaching sequences.
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Decomposition of peroxide is catalysed by certain metal ions which have to be removed in an
acidic stage before the peroxide stage.

Peroxide can be applied in several positions or several different ways:

= Reinforcement of a mild initial oxygen stage (low or moderate charge): OP
= Reinforcement of alkaline extraction stages (low charge): EP

=  Final brightness adjustment in high density storage towers (low charge): P
= Separate delignification/bleaching stage (high charge): P

= Separate pressurised delignification/bleaching stage (high charge): PO

Pre-treatment of the pulp with a suitable electrophilic agent before peroxide bleaching may
“activate” the fibres and improve their response to peroxide. Ozone can promote this kind of
effects.

Ozone has become the most common complement to peroxide in TCF bleaching sequences. The
main purpose of using ozone is to provide more delignification power. Ozone activates the
fibres towards hydrogen peroxide and these results in a higher brightness and a somewhat lower
hydrogen peroxide consumption. On the other hand, the selectivity of ozone is poor. Excessive
application, too high temperature or other unsuitable treatment may lead to serious cellulose
degradation. Ozone should preferably be applied under acidic conditions (pH =2-3). Too high
temperature (>70°C) impairs the selectivity. High pressure increases the solubility of ozone in
the aqueous phase during bleaching (dissolved ozone is claimed to be less aggressive to the
carbohydrates than ozone in the gas phase). Pulp consistency is an important parameter in ozone
bleaching. Installations of ozone bleaching are operating under medium consistency (8-15 %) or
high consistency (>30 %) conditions.

If ozone is applied, a new unit of on-site chemical manufacturing is necessary because of the rapid
decomposition of ozone in transportation or storage. The operating costs of TCF pulping are
usually somewhat higher than those of ECF pulping.

Applicability and characterisation of the measure: The measure can be adopted in new and
existing kraft mills.

In existing mills, using chelating stage a new oxygen stage and washer is usually needed to convert
the ECF bleaching sequence to TCF. If hydrogen oxide or ozone stages are used, two new
bleaching towers are used and reconstruction of bleaching filters. Ozone bleaching needs ozone
generators and reactor. For peracetic acid one bleaching tower is needed.

In new greenfield mills, less modifications and investment costs are required but operating costs are
likely to be the same order of magnitude.

Main achieved environmental performance: In TCF bleaching the formation of AOX is zero.

Cross media effects: Today there are no significant differences in chemical and energy
consumption, when comparing an ECF and TCF alternative..

Operational experiences: TCF-bleaching is now a well established technology. Many mills in
Europe have created a possibility of produce TCF pulp in separate campaigns instead of ECF
pulp depending on the market demand. A few mills are manufacturing only TCF pulp. Slightly
higher production costs and no improvement in the product quality have, however limited the
demand and the share of TCF-pulps has not been increasing in the last couple of years.

Economics: The investment costs for peroxide bleaching at new mills with 1500 ADt/d
production rate are 7-8 MEuros with existing pulp mills the costs are 2-5 MEuros depending on
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the materials of the existing bleaching equipment. If the materials tolerate hydrogen peroxide
the costs are 2-3 MEuros. Operating costs with peroxide bleaching are considerably higher, 18-
21 MEuro/a, than with ECF bleaching due to the higher chemical costs.

If both ozone and peroxide bleaching are applied, the investment costs are higher (see also
Section 2.3.5 ozone bleaching).

Driving force for implementing this technique: The AOX emissions to the water are reduced
and chloro-organic compounds are not formed in the TCF bleaching.

Reference plants: Many plants in Europe and some plants elsewhere in the world.

Literature:
[J. Poyry, 1997b], [Finnish BAT report, 1997], [J. Poyry, 1997a], [ECF, 1997], [SEPA-Report
4713-2, 1997]

2.3.8 Partial closure of the bleach plant

Description of the technique: There are limited discharges of pollutants to water before the
bleaching stage. If the bleaching stage can be wholly or partly closed, this would result in
substantial further reductions in discharges to water of organic substances, nutrients and metals.

The foremost prerequisite when closing the bleach plant, by which is here meant the recycling
of the filtrates to the chemical recovery, is to reduce the volumetric flow through the bleach
plant. This can be achieved by leading the liquids counter-currently from the last bleach stage
through the sequence via the oxygen stage washing apparatus to the brown stock washer as
shown by use of example in Figure 2.11 [Alfthan, 1996].

]
uw PR1 PR2 F
Recovery U
boiler I
Freshwater

i F1 F2 F3 F4 F5 F6
Excess
water from
drying
‘ ‘ ‘ ‘ ‘ ‘ ‘ machines

Figure 2.11: Principle of a possible water system in closed up bleach plants

F1 - F6 = Washing filters in the bleach plant; PR1 + PR2 = Washing presses in oxygen
delignification; UW = horizontal washer as last stage of brown stock washing; the tanks provide the
required storage capacity for internal waters. The water system presented in this figure has only
been operated over a period of a few months. Today it is partially re-opened

A

As shown in Figure 2.11 to increase the closure of the bleach plant extra storage capacity for
internal waters and a rebuilt of the water distribution system is necessary.

Pulp and Paper Industry 73



Chapter 2

It is inevitable that dissolved organic substances and reaction products build up in the filtrate
circulating around the peroxide stages. The accumulation of dissolved solids causes a
considerable extra increase in the consumption of bleaching chemicals. It can even be difficult
to reach full brightness at all. A further complication with counter-current washing is that pH-
adjustments with sulphuric acid and caustic soda will be costly because of the considerable
buffer capacity of the pulp. The sodium-sulphur balance of the mill may therefore be disrupted.
The conclusion is that a really closed bleach plant is not an available technique up to now. But it
is possible to carry the filtrates in two counter-current streams, one acidic and one alkaline. The
alkaline water may be used for washing the pulp in the unbleached part of the process. This will
result in a significant reduction of flows and discharges from the bleach plant compared to
conventional systems.

It has to be considered that calcium is present in the pulp and during all oxidative bleaching a
substantial amount of oxalic acid is formed. When an alkaline filtrate is used as wash water on a
pulp coming from an acidic stage or is mixed with an acidic filtrate where calcium is dissolved,
there is a risk that solid calcium oxalate precipitates. The tendency for calcium oxalate to
precipitate becomes stronger the higher the concentrations of calcium and oxalate. In other
words: the more the system is closed or the filtrates are recycled, the higher is the risk for
precipitation or scaling. This problem still awaits a solution. It is hardly possible to reduce the
discharge from the bleach plant further than down to 5 m’/t, the currently lowest achieved value.
More research is therefore needed to find "kidneys" (e.g. ion exchange or precipitation) to purge
the system either of calcium or oxalate or probably both. These kidneys are also needed to avoid
the build-up of other unwanted species (e.g. so-called non-process-elements) that may impair
the bleaching process, the technical equipment or the product.

Finally, increased contents of chlorides may cause corrosion in the process equipment if
wastewater from the bleach plant is recycled to the closed system. Therefore, preferably TCF or
ECF mills using modest amounts of chlorine dioxide try to increase the degree of closure of the
bleach plant.

Applicability and characterisation of the measure: Generally, the reduction of fresh water
consumption in the bleach plant can be installed in both existing or new mills. But for existing
mills the investments for white water storage, piping system and the implementation of a control
system for water management are relatively higher. Newer mills usually have already less water
to handle because of more efficient equipment. A prerequisite for these measures is a sufficient
capacity in evaporators and recovery boiler. It should be noted that the evaporation of bleach
plant effluents is easier to apply in case of TCF bleaching. For safety reasons in ECF bleaching
there is an elevated risk of chloride corrosion in the recovery boiler with today’s knowledge.

Main achieved environmental performance: This pollution prevention measure results in
reduction in COD loads and flows as well. Typical figures for wastewater quantities from a
bleach plant are 20 - 40 m’ water/ADt. 20 - 25 m’/ADt should suffice in a modern filter
bleachery. It has been reported that partly closure of the bleachery may reach a volume
reduction down to 10 m*/ADt and a corresponding COD discharge of about 6 kg/ADt. One mill
reported a flow reduction from the bleach plant down to only 5 m*/t and a corresponding COD
reduction from 30 kg COD/t down to 14 kg COD/t including a reduction of toxicity in the
effluents at the same time.

Cross-media effects: The P and D bleaching stages and alkaline extraction stage as well
benefits from the higher temperatures in the water system. Dissolved organic substances from
the bleach plant effluents are lead via evaporation plant to the recovery boiler. This requires
additional capacity and energy consumption in the evaporation plant. On the other hand, energy
and space for external treatment may be saved and less excess sludge may be generated.

Operational experiences: Trials with the closing up of the water systems of a birch line in a
Swedish kraft mill started already in 1993. Installations to allow for regular full scale production
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without bleach plant effluent have been in operation for some month. As a consequence of
scaling and clogging problems (precipitation of calcium-oxalate) the water system has been
partly re-opened in the first acid stage to remove the filtrate with the highest calcium
concentration. After trimming of the process conditions the mill is now running a partly closed
up bleach plant. A few other mills in Europe and North America have partly closed up the
bleach plant.

Economics: Considerable investments have to be taken: A total rebuild of the water distribution
system in the bleach plant including extra storage for internal waters is necessary. A control
strategy for the water management in the plant has to be developed and implemented. Reliable
data on costs were not available.

Driving force for implementing this technique: Reduction of discharges of BOD and COD.
Pulp mills operating without external biological treatment were the pioneers in reducing the
effluents from the bleach plant by process-internal measures.

Reference plants: Some mills in Sweden, Finland and North America

Literature:
[Annergren, 1996], [Alfthan, 1996], [H606k, 1997]

2.3.9 Collection of almost all spillages

Description of the technique: Chemical pulp mills need to carry out in-plant measures to
minimise discharges of process effluents. The external effluent treatment, especially when
comprising of biological treatment, can be severely upset due to accidental discharges from
chemical pulping.

Pulping liquor is lost from seals on brown stock washers, pumps and valves in liquor service,
from knotters and screens, sewered evaporator boil-out solutions, and other intentional liquor
diversions during maintenance, start-ups and shut downs. Liquor is also lost in spills resulting
from process upsets, tank overflows, mechanical breakdowns, operator errors and construction
activities.

Chemical pulp mills should be designed around the following concepts:

*  Collection of diverted or spilled liquor at the highest possible liquor solids concentration.

* Return of collected liquor and fibre to the process at appropriate locations

e Curbing of isolate critical process areas (including tall oil and turpentine) to avoid
concentrated or harmful streams entering the external effluent treatment or contaminating
clean water sewers.

¢  Conductivity or pH monitoring at strategic locations to detect losses and spills (spill control
system which makes possible prevention of spillage and monitoring).

Of the process liquors, both the weak liquor coming from the unbleached pulp washing as well
as the strong liquor produced out of it in an evaporation plant has special importance for
efficient collection. These liquors cause unnecessary loading and occasionally upsets in the
external effluent treatment.

The general concept for efficient recovery also requires to arrange the contaminated effluent
sewers so that most of the spills, contaminated sealing waters or floor washing in key areas -
pulp cooking, washing and screening, used liquor storage and evaporation, cooking liquor
preparation - are collected in sumps and pumped either directly or via an intermediate tank into
an appropriate liquor storage tank. The need of such recovery must, typically due to economic
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reasons, be limited to areas where the mixed spill concentration is at least 2-3 % dry dissolved
solids. Floor washing and sealing water in these collection areas dilute the recoverable stream so
care must be taken not to dilute process liquors too much.

Hot condensates from pulp cooking and liquor evaporation must also be stored prior to their
reuse in the pulp production. These condensates are divided according to their cleanliness to
clean, semi-contaminated and contaminated fraction. Especially the last-mentioned may find
fewer uses and despite of sufficient storage volume is sewered causing some organic load and
increase in total effluent temperature. Contaminated and semi-contaminated condensate
bleedout is decreased simply by improved usage by replacing with them fresh water. One way,
also for environmental reasons, is to feed them through steam stripping to remove reduced
sulphur and volatile organic compounds and make them fairly clean hot water for a wider
variety of process uses.

Inside product areas, such as tall oil plant and turpentine recovery, care shall be taken to avoid
spills going to the external treatment. Soap and turpentine contain substances that may cause
toxic effects in the biological treatment.

A single line kraft mill would need up to five collection sumps equipped with conductivity
actuated recovery pumps. Moderately complex mills would require up to 9 and complex mills
up to 12 sumps.

Besides technical aspects covered above training of staff can be a very effective way of
reducing discharges of harmful substances.

Applicability and characterisation of the measure: Process integrated measure. Applicable to
both new and existing mills. However, the effective spill control system is easier to install when
designing and building new installation rather than to retrofit in old mills.

In existing mills the solution to efficient process stream containment lies also in the key process
equipment itself. Thus building of spill containment should be done in connection with
evaluation of other cost effective improvements, especially in pulp washing and screening,
evaporation and liquor filtering.

Main achieved environmental performance: This pollution central measure is connected to
BAT 2.3.12 “Use of sufficiently large buffer tanks etc.” The achieved environmental
performance requires a combination of both BATs.

A general analysis has indicated that with good process management and properly designed spill
containment, recovery and having 5-10 % extra capacity in the evaporation plant a reduction in
effluent load of 3-8 kg COD/ADt can be reached in comparison to mills with no or inefficient
spill recovery and poor process stability. In total spills can be less than 2 kg COD/ADt.

Additionally the risk of upsets in an external treatment plant is reduced, when accidental
discharges with high organic and sometimes toxic load or continuously high or low pH of the
incoming stream can be avoided.

Cross-media effects: In order to handle the collected spills, 5-10 % more evaporation capacity
would be needed. This would also consume 5-10% more steam and power. However, collection
of spills mean recovering of energy and chemicals when it is burned in the recovery boiler.

Operational experiences: Liquor spill and overflow containment in the process and
establishment of relevant management policy in the chemical production has been found
beneficial and necessary both on the economical and environmental point of view. This matter
has been solved efficiently in many mills with fairly simple methods. The limitations to efficient
implementation of these measures come from mill-specific process bottlenecks, typically in
pulp washing and screening or evaporation.
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Economics: The investment cost for spill liquor handling systems at a kraft mill producing
1500 ADt/d pulp mill is 0.8-1.5 MEuro. If evaporation plant needs to be expanded with 0.8
m’/ADt an additional cost of 4-6 MEuros will be required. The operating costs of the system are
estimated to be 100000 - 400000 Euro/a, but can vary considerably between existing and new
mills. With new mills there is generally more excess heat and the operating costs are in the
lower part of the range.

Driving force for implementing this technique: Reduction of discharges of BOD and COD.
Reference plants: Numerous mills around the world.

Literature:
[Tappi Proceedings, 1996], [SEPA-Report 4713-2, 1997]

2.3.10 Efficient washing and process control

Description of the technique: The objective of brown stock washing is to separate the pulp
fibres as completely as possible from dissolved organic and inorganic chemicals before the pulp
leaves the pulping department thereby recovering as much as possible of the cooking chemicals
and of dissolved organic substances.

The washing stage consists of a combination of successive dilution and thickening or
displacement. In practice, each combination of washing equipment makes use these methods at
different proportions. There is a variety of pulp washing equipment the most typical being vacuum
or pressurised drum filters, fourdrinier type washers, atmospheric and pressurised diffuser washers
and wash presses. Out of these, the washer press and pressurised drum or diffuser washers
represent the best performance. With increased consistency of the pulp, the quantity of
contaminated water going with the pulp is reduced.

As the washing is never 100% efficient a certain amount of chemicals and pollutants (carry-over) is
transported with the pulp into the bleach plant where it consumes bleaching chemicals and is
usually discharged to the sewer.

Applicability and characterisation of the measure: The measure can be adopted in new and
existing kraft mills.

In practice, at existing mills the modifications of a washing system may be outweighed also due to
practical reasons by the complete set of new washing equipment.

A closed washing system increases the importance of collection of temporary spills. The
outgoing washing liquor contains both organic and inorganic substances. Washing waters
withdrawn from the process are disposed through the external treatment.

Main achieved environmental performance: The washing loss after a conventional drum
washing system could be around 5-8 kg COD/ADt, in comparison to 2-4 kg COD/ADt obtained
in a modern washer system comprising a press washer. The remaining substances are adsorbed
on or enclosed in fibres. In the latter system, the outgoing pulp consistency increases from
roughly 10-15 % to 25-35 % and the water content decreases from 6-10 m’/ADt to 2-3 m*/ADt.
Washing stages in series can reach up to 96-98 % recovery efficiency of black liquor.

When efficient washing takes place before an oxygen delignification stage, there will be
reduction in the oxygen consumption. If there is an efficient washing system prior to the first
bleaching stage, the carry-over of organics to bleaching will drop, resulting in reduced AOX,
BODs and COD discharge to the mill sewer.
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Monitoring: Standardised methods exist for measuring this carry-over which is often denoted
"washing loss". Washing losses were originally measured as the sodium sulphate content in the
pulp. As this loss of make-up chemical has become less important, the washing loss is
nowadays normally measured as COD.

Cross media effects: The inorganics that stay in the pulp result in increased make-up chemical
requirements.

Operational experiences: A basic concept is several years old. The washing technology has
been developed over the years and now solutions have been tested and proven on operation.

Economics: Investment costs are typically 4-6 MEuros at new mills and approximately 2-4
MEuros for existing mills. No major additional operating costs are involved.

Driving force for implementing this technique: The reduction of emissions to water is the
main reason to implement the method.

Reference plants: Numerous plants in Europe.

Literature:
[J. Poyry, 1997a], [J. Poyry, 1997b], [Tappi Environmental Conference, 1992],

2.3.11 Stripping of the most concentrated contaminated condensates and
re-use of most condensates in the process

Description of the technique: The aim of the stripping of contaminated concentrated
condensates is to reduce fresh water consumption of the mill to reduce organic pollution load to
the wastewater treatment plant and to reduce TRS emissions. The stripping and reuse of
condensates can reduce the COD load to the effluent treatment plant significantly.

Condensates can be classified as:

e primary condensates - live-steam condensates that are normally clean enough to be reused
as boiler feed water (after polishing)

* secondary condensates - contaminated steam condensates that are flashed from black liquor,
pulp suspensions, etc.

Condensates originate from the process vapours from digesters and the evaporation plant. In
total about 8 - 10 m*/ADt of total condensates are formed with a COD load of about 20 - 30 kg/t
and 7-10 kg/ADt of BOD;. Normally about 1 m*/ADT is heavily polluted, 4 m*/ADt medium
and 4 m*/ADt low contaminated.

The COD is mainly methanol (5-10 kg/ADt) with some ethanol and a number of organic
sulphuric compounds (1-2 kg/ADt TRS), 1-2 kg turpentine and inorganic nitrous compounds.
Foul condensate contains furthermore ketones, terpenes, phenolics, resin and fatty acids and
various dissolved gases. A large proportion of nitrogen discharged from a Kraft pulp mill is
contained in condensates.

About 1 m’ of condensate per tonne of pulp has a COD concentration of 10 - 20 kg COD/m’.
The level is higher in condensates from hardwood pulp than from softwood. These strong
condensates are normally treated in a stripper where the removal efficiency for most compounds
is over 90% depending on the pH. Stripping systems usually remove malodorous gases (TRS)
and COD contributing substances at the same time. Stripped condensates after treatment can be
1 - 1.5 kg COD/m’ of condensate. The stripped gases are either incinerated in a dedicated burner
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with subsequent SO, scrubbing or burnt in the lime kiln. The latter option may cause problems,
which affect the capacity to absorb sulphurous compounds of the lime kiln.

About 7 - 9 m® of weaker condensates (medium and low contaminated) are formed with COD
ranging from 0.5 to 2 kg COD/m’ containing a total of about 8 - 12 kg of COD/t of pulp.

Alternatively, moderately contaminated condensates can be stripped in a system linked to the
evaporation plant thereby effecting treatment without any substantial additional use of energy.
In this way the total COD load before any reuse is reduced to about 5 kg/t, a reduction of about
50% compared to only treating the most contaminated condensates.

The stripping column can be a separate equipment or it can be integrated part of the evaporation
plant. The condensates are fed to the top of the stripping column. Steam or vaporised
condensate rises from the bottom of the column in a counter-current manner to the foul
condensate. The overhead vapour from the stripping column is sent to a reflux condenser where
it is partly condensed. The purpose of the reflux condenser is to condense some of the water in
the gases and to increase the concentration of volatile material in the gases leaving the
condenser. The non-condensable gases from the condenser contain the majority of the volatile
compounds that are stripped in the stripping column. They are led to incineration where the
organic and TRS compounds are destroyed by thermal oxidation.

Cleaned condensates are free of metals and therefore particularly useful for washing in the
bleach plant when aiming at closing up this part of the process. They can also be reused in
brown stock washing, in the causticizing area (mud washing and dilution, mud filter showers),
as TRS-scrubbing liquor for lime kilns or as white liquor make-up water. This means that some
condensates will be used in closed parts of the process and will not be discharged to waste.
Other condensates will be used in open parts, e.g. the bleach plant, and end up in the effluent
together with those condensates, which are not reused but discharged directly to waste.

Applicability and characterisation of the measure: Steam stripping is a viable in-plant
treatment method for reducing COD and odour from kraft mill foul condensates. The process
can be applied at both existing and new kraft mills. The condensate stripping column can be
separate or it can be integrated to the evaporation plant. In the former case, live steam would be
required whereas in the latter case secondary steam from evaporator effects can be used.
However, thermal oxidation of the vapours from stripper system is needed. Lime kilns, power
boilers and separate TRS incinerators can be used for this purpose.

Main achieved environmental performance: The best place to reuse the condensates is pulp
washing either on the last washer or on the decker in a mill with a closed screen-room water
system. The typical wash water demand is 10 - 13 m’/ADt. The evaporator-area and digester-
area condensate available for reuse can amount to 6 - 9 m’/ADt, which is the amount of
potential water savings. In total stripping of only the heavily polluted condensates would result
in 4-6 kg COD/ADT while with stripping of the medium contaminated condensates about 3-5
kg COD/ADT can be achieved. However, condensates discharged to effluent treatment is
mostly readily biodegradable. TRS removal is about 97 % from the condensate, methanol
removal about 92%.

Cross media effects: When steam stripping is used, the non-condensable gases (NCGs) have to
be incinerated separately in order to avoid release of concentrated TRS gases into the
atmosphere. This has been discussed in more detail in connection with sections 2.3.18 and
2.3.19.

When stripping of concentrated contaminated condensates is applied, the load to the wastewater
plant will be reduced and if there is difficulties to meet the permit new investments in the
effluent treatment plant may be avoided. This also means that less energy is needed for aeration
and less energy and chemicals in the sludge treatment.
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When combining the recovery of clean condensates and stripped condensates, fresh water
consumption may be decreased up to 6 m*/ADt. Because the condensates are hot, part of the
energy used in the stripping column can be saved.

Fugitive TRS emissions from wastewater treatment plant can be reduced by steam stripping of
condensates that removes TRS compounds from foul condensates.

As the stripper off-gases contain 8-12 kg/ADt methanol, there is potential to save fuel oil or
natural gas, provided that the stripper gas can replace the fuel.

The stripping of condensates reduces the low level emissions of TRS compounds from foul
condensates. The TRS compounds include hydrogen sulphide, methyl mercaptan, dimethyl
sulphide and dimethyl disulphide. These emissions are partially responsible for foul odours
from a kraft mill.

Operational experiences: The stripping of contaminated condensate has been used many years
at modern mills. When, the stripping system is used for high methanol removals, the
condensates from the stripping column is relatively clean and can be re-used in the pulp mill for
application s such as brown stock washing.

The basic for the design should be the minimising the flow to the stripping system by
segregating the condensates to reduced investments. In the evaporation plant, the first liquor
vapour condensate can be split into two fractions. Surface condenser can be split into two units
or two condensing steps. The blow vapour from a batch digester can be condensed in two steps.
Secondary steam can be used as the main steam source to the stripping column.

Economics: The investment costs for the stripper system at a 1500 ADt/d kraft pulp mill are
about 2.0 — 2.5 MEuro. Additional investments may be required to increase the capacity of the
mill’s evaporation plant, but this depends very much on the existing evaporation plant
configuration. Retrofitting costs can vary between 1-4 MEuros.

The operating costs of condensate stripping consist mainly of the cost of steam used in stripping
and maintenance. If the stripper is operated separate from the evaporation plant, the operating
costs are significantly higher due to the demand of fresh steam. The costs are about 0.6 — 0.7
MEuros/a. If the stripper is connected between the evaporation stages, the operating costs are
lower. The operating costs in the latter case are 0.3-0.4 MEuro/a.

Driving force for implementing this technique: Kraft mills may face COD discharge problem.
It may have inadequately sized or operating wastewater treatment system or have new more
stringent limits or a mill expansion or process modification which increase in the COD load to
the wastewater treatment plant. Thus there is a need to re-use condensate in the pulp mill
processes. The reuse of foul condensates without treatment has adverse effects on pulp quality.

Reference plants: Numerous mills in Europe.
Literature:

[Sebbas, 1988], [Zunich, 1993]

2.3.12 Use of sufficiently large buffer tanks for storage of concentrated or
hot liquids from the process

Description of the technique: Chemical pulp mills need to carry out careful in-mill measures
to minimise discharge of concentrated or hot process streams out as effluents. First, the external
effluent treatment, especially when comprising of biological treatment, can be severely upset
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due to accidental discharges from chemical pulping. Second, some process liquor streams have
economical importance due to their fuel value or the chemicals they contain.

This pollution control measure is connected to BAT 2.3.9 "Collection of almost all spillages".
For spill control system please refer to this paragraph. For prevention of unnecessary loading
and occasionally upsets in the external effluent treatment process cooking and recovery liquors
and dirty condensates should have storage capacity exceeding normal operating volumes by at
least 30 % extra. Clean streams are diverted from potential spill areas to avoid dilution of
recovered process liquors.

The volumes available to control these weak and strong liquors from sulphate or sulphite
production especially in start-up, shutdown or upset conditions are crucial. A basic demand for
storage volumes is caused by the liquor concentration, measured as dry solids content. For
instance, in an old kraft pulp mill the weak black liquor can be at 8 % and strong liquor at 60 %
concentration opposed with 16 % and 75 % of a modern mill. This means that proportionally the
storage volumes must be considerably larger in mills with low-efficiency washing of
unbleached pulp or standard evaporation plant without liquor concentrator units.

The spare volume required above the normal condition must be able to contain peak process
flows of a few hours due to operational disturbances. The spare volume must further make sure
that enough weak liquor can be stored that the evaporation plant can operate normally despite of
a short shutdown in cooking and washing or that a part of a multi-line or a single-line
evaporation plant can be shut down for short maintenance. The storage volume must also be
large enough to store enough strong liquor so that problems or short-lived production cut in
recovery boiler can be solved without decreasing evaporation throughput or that the evaporation
plant can be shut down for short maintenance.

Existing mills considering the implementation of oxygen delignification must assess their weak
and strong liquor storage and evaporation plant capacity, because this process step is likely to
increase the amount of water going through evaporation.

Liquors after the recovery boiler and with additional process steps reformed to fresh cooking
liquor are free from organics but have very high pH-value. These liquor tanks equally need
buffer capacity for short-lived peak flows or for instance shutdowns in connected process units
such as liquor filters. These liquors, if sewered out to the effluent treatment plant cause pH
shocks which, if poorly controlled before biological treatment, result in upsets.

Applicability and characterisation of the measure: Process integrated measure. Optimisation
of necessary buffer storage capacity for hot or concentrated streams is applicable for both
existing and new mills and is in many ways a must. These measures do not only help to
maintain valuable process chemicals in the production and improve process economy, but they
considerably affect the environmental performance of the mill. In existing mills the solution to
efficient process stream containment lies also in the key process equipment itself. Thus building
of buffer storage and spill containment should be done in junction with evaluation of other cost
effective improvements, especially in pulp washing and screening, evaporation and liquor
filtering.

Main achieved environmental performance: This pollution control measure is connected to
BAT 2.3.9 “Collection of almost all spillages”. The achieved environmental performance
requires a combination of both BAT's.

The risk of upsets in an external treatment plant is reduced, when accidental discharges with
high organic and sometimes toxic load or continuously high or low pH of the incoming stream
can be avoided. The effect on hydraulic loading is not as pronounced except in mills where
washing and screening water system is open.
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Monitoring: Conductivity probes are suitable for detecting and evaluating mill liquor spills,
because in many cases a conductivity-liquor concentration correlation for each specific stream
can be established. In low-concentration streams with varying pH, an on-line pH probe is
standard.

Hot streams needing specific monitoring in the sewer can be readily monitored with on-line
temperature probes

Cross-media effects: Changes in liquor and hot liquid tanks and control often require changes
or improvements in other equipment, especially in pulp washing or evaporation. The handling
of hot liquids requires 5-10 % more energy in the evaporation plant

Operational experiences: These are many ways to solve liquor spill and overflow containment
in the process and establishment of relevant management policy in the chemical. The limitations
to efficient implementation of these measures come from mill-specific process bottlenecks,
typically in pulp washing and screening or evaporation.

Economics: Investment costs for 1500 ADt/d pulp production about 0.8 - 1.0 MEuros for two
3000 m’ storage tanks including necessary piping, insulation and pumps with electrification and
process control.

Driving force for implementing this technique: These measures are promoted by
environmental and process safety reasons.

Reference plants: Numerous modern mills around the word.

2.3.13 Secondary or Biological Treatment - Aerobic Methods

Description of the technique: Secondary or biological treatment is carried out for the removal
of organic matter (organic substances), which is achieved by biological degradation. Prior to the
secondary treatment there is commonly a set of primary treatment stages including solids
removal, neutralisation, cooling and equalisation. These primary stages aim at protecting the
secondary treatment from excessive loads and shocks and overall at providing more cost-
efficient purification of effluents. In most cases pulp and paper mill effluents are treated with
acrobic methods. The most common aerobic treatment methods used in pulp and paper industry
are aerated lagoon and activated sludge process. The former achieves less reduction of
pollutants but is cheaper.

Aerated lagoon

An aerated lagoon has a large volume with residence times for the effluent within 3-20 days.
The micro-organisms grow in suspension in the bulk of liquid, reaching in the lagoon relatively
low solids concentration, 100-300 mg/l. The growth of microbes requires oxygen, which is
provided almost exclusively by mechanical aeration equipment. Surface turbine aerators are the
most common aeration units, but in deep lagoons also bottom aerators with self-induced or
compressed air feed are also used. Aeration equipment provides also mixing required to keep
solids in suspension and enhance microbial action.

Aerated lagoons are due to the large area and volume they require earth basins and can be
constructed with or without a settling zone. In the first case the end of the lagoon is left without
aeration and mixing, thus allowing solids to settle. In the latter case this settling is carried out in
a separate pond. The biological process does not involve recirculation of biomass from the end
to the beginning of the basin. The settled sludge is removed seldom, once in 1-10 years.

The use of aerated lagoons has recently become less common for many reasons, one important
being its lower removal efficiency of effluent contaminants in comparison with the activated
sludge process.
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Activated sludge process

The activated sludge plant consists of two main units, the aeration basin and the secondary
clarifier (sedimentation basin). In the first stage, the aeration basin, the effluent is treated with a
culture of micro-organisms (the activated sludge), which is present in a high concentration.
Activated sludge plants at kraft pulp mills have a retention time of about 15-48 h with the higher
values in recent installations.

The sludge is separated from the water in the clarifier. The main part of the sludge is recycled to
the aeration basin, which is necessary for keeping the high sludge concentration. A small part of
the sludge, corresponding to the net growth, is removed from the system as the excess sludge.

Oxygen and mixing is provided to the aeration basin by mechanical aeration equipment.
Various types of aerators are in use, such as surface aerators, submerged turbine aerators, fine
bubble aerators and jet aerators. The three last mentioned types require compressed air from
blowers or compressors.

A large number of different process and plant designs exist for the activated sludge process.
These alternatives may be different regarding design of the aeration basin, the clarifier, the
aeration equipment, as well as the sludge recycling. One special process design is the pure
oxygen activated sludge, where pure oxygen or oxygen-enriched air is used instead of regular
air.

Applicability and characterisation of the measure: End-of-pipe technique.

Aerated lagoon

The aerated lagoon can be applied at both existing and new kraft pulp mills. However, its use is
in decline, mainly due to its low to moderate removal of effluent contaminants, the large land
area and basin volume it requires, high energy requirement for and poor energy efficiency in
aeration and mixing. In addition effluent foam and smell problems are sometimes encountered.
The settled sludge removal and disposal can also generate problems. It is doubtful whether it
can be still considered as BAT.

Activated sludge process

The process can be applied at both existing and new kraft pulp mills. In the existing mills some
kind of water consumption reduction measures should preferably be carried out to reduce the
investment costs. The activated sludge process is often used, when high or very high treatment
efficiencies are required. In the latter case, however, a two-stage biological process is an
optional choice.

Activated sludge plants are used widely in the pulp and paper industry. As rough estimate the
activated sludge process is used in 60-75% of all the biological effluent treatment plants in this
pulp and paper industry. This is also the most common process used in recently built plants.

Advantages of the activated sludge process are the potential of high or very high treatment
efficiencies, the possibilities to control the process (particularly the oxygen consumption), and
the relatively low space demand.

Disadvantages are the relatively high vulnerability to disturbances and consequently a risk of
operational instability without any protective measures, such as an equalisation basin, high
production of biological waste sludge and the high operating costs.

Alternatives to activated sludge systems exist which are more compact and less expensive. The
experience from such installations is more limited but they are claimed to have equivalent
reduction levels to activated sludge systems.
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Main achieved environmental performance:

Aerated lagoon

Treatment efficiencies vary widely depending on the type of effluent, design of the treatment
plant and operating conditions. Typical removal efficiencies are 40-85 % for BODs, 30-60 % for
COD and 20 - 45 % for AOX being in the higher end of the range after the high residence time,
15-30 days, lagoons and when the effluent temperature or the contaminants do not effectively
inhibit the growth. There is no nitrogen removal and less phosphorus removal being in the range
of 0 - 15 %.

The removal of solids is very case specific and in some instances the outlet effluent contains
more solids than the inlet stream. The incoming solids are adequately removed in a lagoon with
a settling zone, but the microbial growth produces biosolids with poor settling characteristics.
The discharge of solids is lower from high residence time lagoons and settling zones.

In comparison to the activated sludge process there can be also adverse effects, such as
occasional heavy mist in humid and cold weather and odour from anaerobic or anoxic basin
areas.

Activated sludge process

Treatment efficiencies vary and depend on effluent type, plant design and operating conditions.
Typical values are within the ranges of 85-98 % BODs removal and 60-85 % of COD removal.
AOX-reduction is in the range of 40-65 %, phosphorus and nitrogen is reduced by 40-85 and
20-50% respectively. The overall efficiency of TSS-removal of primary and secondary
treatment is about 85-90 %.

Typical concentrations after activated sludge treatment are given in Table 2.36. At well
designed and run plants the easily degradable part of the organic substances, measured as BODs
can be brought down to about 20 - 40 mg/l and the amount of Total Suspended Solids (TSS) to
about the same level. Concentrations of phosphorous and nitrogen are to a high degree
correlated to TSS as the amount of dissolved nutrients can be reduced to very low levels by
running the plant properly. For COD, which is a measure of total load of organic substances, the
concentration after treatment depends on the content of heavily degradable matter.

Parameter BOD; COD TSS Total-P Total-N
Concentration 20-40 300 - 500 20-40 | 0.2-04 2-4

Table 2.36: Typical concentrations in mg/l in effluents of kraft pulp mills after biological treatment
(activated sludge plants) assuming well designed and run facilities

Cross media effects:

Aerated lagoon

The lagoon process requires large land areas, which are not always available next or inside the
mill area. The lagoon treatment produces less sludge than the activated sludge process, but the
sludge is difficult to dewater efficiently. Thus, the sludge disposal by burning requires typically
more dewatering chemicals and support fuel per dry weight than the sludge generated by the
activated sludge process.

Activated sludge process

The effluent treatment plant produces sludge which after dewatering can be burned, providing in
some cases net positive heat value. The treated wastewater is clean enough for reuse in some
points of the production process. The problem is that usually the wastewater treatment plant is
located so far from the mill that recycling is not economical.
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Operational experiences:

Aerated lagoon

Aerated lagoons have been used for a long time in many pulp and paper mills to reach medium
level removal of effluent contaminants. However, currently many of the existing lagoons in the
industry have been closed down or retrofitted into a high-efficiency activated sludge process or
supplementary effluent treatment basins.

Activated sludge process
Activated sludge plants have been used for many years in all types of kraft mills with good
results.

Aerated lagoon

The cost of this process is very dependent on where and how the aerated lagoon can be built. If
it can be built by reclaiming a bay in the receiving waters and closing its open side with an earth
damn the cost is substantially lower than when the lagoon must be built on dry land.

Thus the investment costs vary a lot, being in the range of 16- 20 MEuros for a 1500 ADT/d
kraft pulp mill. This cost covers also the primary treatment and sludge dewatering. The
corresponding operating costs are 1.3-1.7 MEuros/a, comprising mostly of the cost of electrical
power required for aeration and mixing in the lagoon.

Activated sludge process

The investment costs for a completely new activated sludge treatment plant are approximately
19-24 MEuros for a kraft pulp mill with 1500 ADt/d production, being at the lower end of the
cost range for an unbleached kraft pulp mill. These costs include also the necessary primary
treatment and sludge handling. The corresponding operating costs are 2.0-2.6 MEuros/a.

Driving force for implementing this technique: The aerated lagoon can be used, when low to
medium level removal of organics, contained by the effluent, is sufficient. The activated sludge
process is preferably used, when high or very high treatment efficiencies are required.
Reference plants: Numerous plants all over the world for all types of effluents.

Literature:
[J. Poyry, 1997b], [Finnish BAT Report, 1997], [SEPA-Report 4713-2, 1997]

2.3.14 Tertiary treatment of wastewater with chemical precipitation

Description of the technique: In some cases it is necessary to extend the effluent treatment
with a tertiary treatment. In most cases the tertiary treatment is simply chemical precipitation.
The dissolved organic substances are separated by precipitation and subsequent filtration or
clarification.

The chemicals used for precipitation are usually the following:

- aluminium salts - Aly(SO,); and Al,(OH),Clsym
ferric salts (Fe(Ill)) - FeCl; and Fey(SO,);

ferro salts (Fe(I)) - FeSO,

- lime

To optimise the flocculation, polyelectrolytes are used in the mixing phase.

Applicability and characterisation of the measure: Applicable to both and existing mills.
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Main achieved environmental performance: Tertiary treatment with chemical precipitation is
mainly applied to reduce nutrient especially phosphorus. Results from Swedish pilot plant
studies on biological treatment combined with chemical precipitation have shown that the
following reduction rates can be achieved: Phosphorus 80-90%, nitrogen 30-60%, COD 80-
90%, AOX 80-90 % [PARCOM, 1994].

Cross media effects: The precipitation of organic material in the effluent with inorganic
chemicals results in a great quantity of a slimy sludge, very difficult to dewater and dump as
landfill. The chemical cost is substantial and the purification is selective; neutral substances
cannot be captured as efficiently as dissociated ions.

Operational experiences: No specific problems are known which are linked to the application
to this technique.

Economics: The investment costs amount to 2.6 MEuros for a kraft pulp mill with a capacity of
250000t/a and 3.8 MEuros for a mill with 500000 t/a capacity respectively. The investment
costs for chemical precipitation includes equalisation tank, chemical dissolving equipment,
chemical dosing equipment, precipitation and flocculation unit and tertiary clarifier. Operating
costs amount to about 50000 Euros being somewhat lower for the mill with less capacity.

Driving force for implementing this technique: Usually tertiary treatment of wastewater is
only regarded as necessary when the nutrient concentrations in the effluent have to be lowered
i.e. if the mill discharges to very sensitive recipients.

Reference plants: Biological treatment plus chemical precipitation of wastewater from the
manufacturing of bleached kraft pulp is used on commercial scale e.g. in Sweden (Skoghall,
integrated kraft and CTMP pulp mill.

Literature:
[PARCOM, 1994], [SEPA-Report 4713-2, 1997]

2.3.15Increase in the dry solids content of black liquor

Description of the technique: In the recovery boiler the inorganic substances are reduced and
separated as a smelt (mainly as Na,S and Na,COs;) from the bottom and the organic substance
oxidised and thereby generating heat. In a conventional recovery boiler there is an oxidising
zone in the upper part and a reducing part in the lower part. The strong black liquor is
introduced through one or several liquor nozzles into the reducing zone (see Figure 2.3).
Combustion air is usually supplied at three different levels as primary secondary and tertiary air
(from the bottom up-wards).

Emissions from the recovery boiler consist mainly of particulates, nitrogen oxides and sulphur
dioxide. The emission levels are kept as low as possible by optimising the combustion
parameters such as temperature, air supply, black liquor dry solids content and the chemical
balance.

The aim of enhanced evaporation is to achieve as high content of dry solids (DS) as possible in
the strong black liquor. After a conventional evaporation the DS content in the strong black
liquor is about 65 %. By installing a superconcentrator, DS content up to 80 % can be achieved.
However, the achievable DS-content depends on the wood species. A target for optimal dry
solid content of thick liquor in a balanced mill could be 72-73% after evaporation but measured
before the recovery boiler mixer.
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Applicability and characterisation of the measure: Process integrated technique. The process
can be applied at both new and existing kraft mills. A superconcentrator can be implemented as
a separate phase also to existing evaporation plants.

However, the maximum DS content is limited by the increase of the viscosity and scaling
tendency of the strong black liquor. This depends on the wood species and temperature. In
practise, with eucalyptus and some other hardwood species it is difficult to achieve higher than
70 % DS content.

Main achieved environmental performance: The sulphur emission from the recovery boiler is
down to 5-50 mg S/Nm’ or 0.1-0.3 kg S/ADt of pulp or sometimes almost down to zero because
more sodium will vaporise and react with sulphur.

Cross media effects: The reduction of sulphur emissions by high DS-content increases the
emissions of particulates prior to flue gas cleaning. To compensate this, more efficient and
expensive electrostatic precipitator has to be installed.

At high dry solid content (TS >80%) there is a considerable release of sulphur compounds from
the last evaporator stage, which have to be collected and incinerated.

Increasing dry solids content of black liquor have the tendency to increase NOy emissions from
the recovery boiler if no counter-measure is taken (see 2.3.22).

Operational experiences : This measure has been tested in several pulp mills in Northern
Europe. It is in operation in full scale in Northern and Southern Europe.

Economics: In existing mills the cost of improved evaporation and concentration of strong
black liquor is tied to the target concentration. At existing mills with 1500 ADt/d kraft pulp
production the investment costs for increase in black liquor concentration from 63 % upward are
as follows:

Concentration from 63 % to 70 %, 1.7-2.0 MEuro

Concentration from 63 % to 75 %, 3.5-4.0 MEuro

Concentration from 63 % to 80 %, 8.0-9.0 MEuro

The operating costs of the improvements are not significant because of the increase in energy
economy (this being 1-7 %) and gain in recovery boiler capacity. The increase of dry solids into
the recovery boiler may even result in some net savings.

Driving force for implementing this technique: Kraft mills may face sulphur dioxide
emission problem and these emissions in the recovery boiler can be reduced by increasing the
dry solids content of black liquor. Another case by case achievable result is the increase of the
capacity of the recovery boiler (4-7 %).

Alternatively, flue gas scrubbers can be installed for the same purpose (see 2.3.16).

Reference plants: Numerous plants in Scandinavia and at least one in Spain.

Literature
[Finnish BAT Report, 1997]

2.3.16 Installation of scrubbers on the recovery boiler

This measure can be applied alternatively to the BAT under 2.3.15.
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Description of the technique: In order to decrease the emissions of sulphur dioxide from the
recovery boiler, it can be equipped with a flue gas scrubber. A kraft recovery boiler scrubber of
the wet type may include three process stages (from the bottom up, see Figure 2.12).

2
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Figure 2.12: Flue gas scrubber for recovery boilers
[SEPA-Report 4008, 1992]

Chloride is absorbed by cold water introduced in the flue gas inlet. The chloride efficiency is
normally 60-70%. In the washing zone, SO, and particulates are removed. Scrubbing takes
places at a pH of 6-7. The pH value is controlled with addition of sodium hydroxide, weak
liquor or oxidised white liquor. SO, reacts with the scrubbing liquor and Na,SOs and also some
Na,S0O, is formed. TRS in the form of H,S can be removed together with SO,. However, to
remove hydrogen sulphide from the flue gases, a high pH of the scrubbing liquor would be
required. At such a high pH, also carbon dioxide would be absorbed, which is unrealistic due to
the relatively large amounts of carbon dioxide being formed in the combustion.

Surplus liquor from the scrubber is recycled to the process, normally to the white liquor
preparation.

Applicability and characterisation of the measure: Installation of a scrubber is preferably
done at the same time as a new boiler is installed, although at much higher cost also existing
boilers can be equipped with scrubbers. Recovery boilers burning high dry solids black liquor
normally give rise to low sulphur emission which makes the installation of scrubber less
interesting,.

Main achieved environmental performance: The removal efficiency for SO, is typically >
90%. A scrubber on the recovery boiler can reduce the sulphur emissions from 0.5 - 2 kg/ADt
down to 0.1 - 0.3 kg S/ADt or concentrations from 50-200 mg/Nm® down to 10 - 50 mg/Nm’.

Monitoring of emissions: Continuous SO, measurement prior to and after the scrubber is
needed to control the operation of the scrubber.

Cross media effects: By introduction of fresh water in top of the scrubber, hot water can be
produced (if there is a need). The water is normally clean enough to be used as wash water in
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the bleach plant. The scrubber needs alkali in the form of oxidised white liquor, weak liquor or
sodium hydroxide, which can increase the capacity demands on the recovery department.

Operational experiences: Scrubbers on recovery boilers can be operated without problems.

Economics: The equipment comes usually as a package from the supplier. The investment costs
for a bleached kraft mill with a production capacity of 250000 and 500000 t/a amount to 7.2
MEuros and 10.4 MEuros respectively. They include scrubber, scrubber liquor pumps,
circulation pumps, electrification and instrumentation. Operating cost amount to 580000 Euro/a
and 920000 Euros respectively.

Driving force for implementing this technique: Reduction of SO, emissions. Heat recovery.
With high dry solids the primary SO, emission can be substantially reduced and for such mills
the driving force is small. The internal energy situation of the mill might or might not motivate
warm water production in the scrubber. In a modern kraft recovery boiler, especially if it
operates on high dry solids, the H,S is normally not a problem that needs scrubbing to resolve.

Reference plants: Scrubbers have been installed on numerous recovery boilers in the last
decades.

Literature:
[SEPA-Report 4713-2, 1997], [SEPA-Report 4008, 1992]

2.3.17 Collection of weak gases for incineration in recovery boiler

Description of the technique: Control of TRS emissions can be divided to treatment of
concentrated malodorous non-condensable gases (NCGs) which contain about 4 kg TRS/t
(measured as S) and diluted or lean malodorous gases which contain about 0.5 kg TRS/t (measured
as S). The treatment of concentrated NCGs is generally carried out by collection NCGs from the
cooking and evaporation departments (see 2.3.11) and their disposal by incineration. There are
different options available.

The incineration of concentrated malodorous gases in the recovery boiler is on possible option.,
There are a few mills in Europe and about 4 mills in the world burning strong malodorous gases in
the recovery boiler.

High volume and low concentration gases are formed in black and white liquor handling, pulp
washing and floor channels with black or white liquor residues. The actual composition will vary
greatly case by case.

The collection is carried out with gas pipelines and blowers for gas transfer. The collected lean
malodorous gases can be incinerated as secondary or tertiary air of the recovery boiler. Depending
on the volume of diluted NCGs and the lay out of the pulp mill there can be several TRS-
destruction systems for different departments. An alternative for incineration is alkaline scrubber or
oxidising scrubber. The recovery boiler is able to destroy diluted malodorous gases. However, the
recovery boiler is only one alternative for incineration of diluted gases.

Normal amount of diluted NCGs at a 1000 tonnes/d mill is about 50000 - 100000 m® /h. The
amount of the gases depends on the mill concept; with continuous cooking and diffuser washing the
volumes are lower than with batch cooking and pressure washers.

Applicability and characterisation of the measure: The measure can be adopted in new and
existing kraft mills.
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In the existing pulp mills may be very difficult to retrofit a collection and treatment of diluted
NCGs. This is due to the limitations of the lay out and long distances between sources of
malodorous gases and the recovery boiler.

Main achieved environmental performance: The TRS emissions of the high volume (low
concentration) gases can be reduced almost totally by collecting and burning.

Cross media effects: No cross-media effects.

Operational experiences: The methods have been used at reference mills several years without
problems.

The tertiary air flow rate into a recovery boiler is limited and other burning alternatives may be
needed, as well.

Economics: The investment costs for the weak malodorous gas collection and their disposal in
the recovery boiler are 3.6-4.5 MEuros for a kraft mill with 1500 ADt/d production. However,
because much of the costs are for piping the costs can be considerably higher at mills, which
spread on a large area. The operating costs for the system are 0.3-0.5 MEuro/a.

Driving force for implementing this technique: The more efficient reduction of TRS
emissions of the kraft mill is the main reason to implement this technique.

Reference plants: Numerous pulp mills.

Literature:
[TAPPI, Proceedings, 1997], [TAPPI, Proceedings, 1994], [J. Poyry, 1997a], [J. Poyry, 1997b],
[SEPA-Report 4713-2]

2.3.18 Collection and incineration of odorous gases (strong and weak
gases) in the lime kiln

Description of the technique: Control of malodorous gas caused primarily by Total Reduced
Sulphur (TRS) emissions can be divided to treatment of concentrated non-condensable gases
(NCG) and diluted or lean malodorous gases. The treatment of concentrated NCGs is generally
carried out by collection and incineration of NCGs from cooking and evaporation departments.
Incineration of concentrated NCG can be carried out in the lime kiln or in a separate NCG-
incinerator equipped with an SO,-scrubber. The concentrated NCGs contain over 90 % of all TRS-
compounds generated in the cooking of pulp.

High concentrated and low volume gases are formed in turpentine recovery system, continuous
digester flash steam condensers, foul condensate storage tanks, evaporator non-condensable gas
relief and hotwells, and in batch cooking blow heat recovery system instead of continuous digester
flash steam condensates. The actual composition will vary greatly from case by case.

The main sources of lean malodorous gases are washing and screening equipment of unbleached
pulp, several tanks of pulp and washing liquor in the washing and screening, storage tanks of black
liquor in the evaporation plant and storage tanks of white liquor in the recausticising plant.

The collection is carried out with gas pipelines, ejectors and blowers for gas transfer. The collected
lean malodorous gases can be incinerated as secondary air of lime kiln or in a separate NCG-
incinerator, in a bark boiler or other auxiliary boiler or as secondary or tertiary air of the recovery
boiler. Depending on the volume of diluted NCGs and the lay out of the pulp mill there can be
several TRS-destruction systems for different departments.
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Applicability and characterisation of the measure: The measures can be adopted in new and
existing kraft mills. In the existing pulp mills it may be difficult to retrofit a collection and
treatment of diluted NCGs.

Main achieved environmental performance: The TRS emissions of the kraft mill can be
reduced over 90 % by only collecting and burning the concentrated TRS-compounds.

Cross media effects: The advantage of burning the malodorous gas in the lime kiln is that no
extra furnace is needed. In addition, the sulphur in the gas can be absorbed in the lime, which
decrease the emission of sulphur dioxide. However, only a limited amount of sulphur can be
absorbed in the lime kiln by gaseous sodium forming sodium sulphate. The main sulphur
absorbing compound is thus the sodium carbonate (Na,CO;) in the lime mud. When this
capacity is exhausted, SO, is released. This effect is enhanced when malodorous non-
condensable gases are incinerated in a kiln. Therefore, SO, emissions are usually a clear
function of the amount of malodorous gas flow. To minimise the formation of SO, either the
sulphur content in the fuel can be reduced or if malodorous non-condensable gases (NCGs) are
to be burnt in the lime kiln, sulphur compounds can be scrubbed out of these gases prior to
burning in the lime kiln.

TRS-control can reduce also the malodorous components released in the wastewater treatment.

An average 10-15 % of the fuel used in a lime kiln can be replaced by the heat value of the
concentrated malodorous gases. However, the variation of the amount of energy of the gas may
make it difficult to hold a lime of good and uniform quality. Condensation of methanol after the
stripper column can minimise the problem with varying gas quality, but require additional
investment costs.

Operational experiences: The measure is widely used. Some problems have appeared in the
modern lime kiln because of using low excess oxygen level.

Economics: Investment costs of collection and incineration of both strong and weak gases are
typically 4-5 MEuros at new mills and 5-8 MEuros at existing mills with a capacity of 1500
ADt/d. No major increase in operating cost, if the heat value of recovered methanol can be
utilised. Otherwise, an increase of 0.3-0.5 MEuros/a is anticipated.

Driving force for implementing this technique: The reduction of TRS emissions of the kraft
mill is a major reason to implement this technique

Reference plants: Numerous plants in Europe and North America.
Literature:

[TAPPI, Proceedings, 1997]

2.3.19 Collection and incineration of odorous gases (strong and weak
gases) by use of a separate furnace equipped with scrubbers for
SO,

Description of the technique: Incineration of odorous gases (see 2.3.17 and 2.3.18) can also be
carried out in a separate NCG incinerator equipped with a SO, scrubber. A separate furnace can

take care of the heat value in a boiler.

Applicability and characterisation of the measure: The measure can be adopted in new and
existing kraft mills.

In the existing pulp mills may be difficult to retrofit a collection and treatment of diluted NCGs.
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Main achieved environmental performance: The TRS emissions of the kraft mill can be
reduced over 90 % by only collecting and burning the concentrated NCGs.

Cross media effects: Incineration of odorous gases in a separate furnace has the tendency to
increase NO, emissions if no counter-measure is taken.

Operational experiences: The technology is used at many mills several years without
problems.

Economics: Investment costs are typically 7-8 MEuros at new mills and 8-11 MEuros at
existing mills with 1500 ADt/d production capacity. Operating costs usually increase with 0.3-
0.5 MEuros/a because the heat value of recovered methanol cannot be utilised.

Driving force for implementing this technique: The reduction of TRS emissions of the kraft
mill is a major reason to implement this technique.

Reference plants: Numerous plants in Europe.

Literature:
[TAPPI, Proceedings 1997]

2.3.20 Installation of low NOx technology in auxiliary boilers (bark, oil,
coal) and the lime kiln

Description of the technique: In chemical pulp mills, a variety of regenerative or fossil fuels -
bark, coal, lignite, oil or natural gas - may be used for supplemental steam production, typically
coupled with turbines for electric power production. In burning of these fuels environmentally
sound incineration techniques are called for to minimise particulate, SO, and also NOx
emissions.

Low NOx technology applied to burning of solid fuels and pulp and paper mill wastes with
fluidised bed boilers is discussed in 6.3.12. Coal and lignite suit well to be burned as major or
support fuel in fluidised bed systems, which by careful operation control promotes low NOx
formation.

In conventional oil or natural gas fuelled boilers, the burners feeding the fuel-air mixture, must
apply designs that maintain low NOx burning conditions. Also coal or peat is often burned as
finely ground dust in conventional boilers, fed through burners that with proper designs provide
low NOx burning.

The primary burning air is brought through the burner in the fuel-air mix. Secondary and
tertiary air is fed in separately to maintain an appropriate primary:secondary:tertiary air balance
in the flame area to maintain low NOx combustion. Some air may still be fed, if necessary
above the main flame area to complete the fuel combustion.

The purpose of the multi-phase air feed is to burn the fuel without excess air and actually even
under reducing conditions, meaning that

= there is not enough oxygen to promote strong NOx formation.
= the flame temperature is lower than in conventional burners which further decreases NOx
formation.

Part of the NOx formed will reduce back to elementary nitrogen for instance when a residual
amount of the fuel is burned in the outer flame area or outside it.
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Applicability and characterisation of the measure: Low NOx burners can be used both in
existing and new boilers.

When powdered solid fuels, such as coal or peat, are used it is important that the if they have
high humidity they are pre-dried to support fast and efficient burning. Additionally they require
that the burning air is preheated to assure quick ignition and complete burning.

Main achieved environmental performance: Generally, emissions vary with the fuel. In
comparison to conventional burners with 250-500 mg/MJ NOx emissions the low NOx burners
can reach 120-140 mg/MJ level in stack emissions.

Monitoring of emissions: Emission monitoring with online NOx meters can be carried out.
Also oxygen meters can help to determine that low NOx burning conditions are maintained. For
accurate measurements in-field sampling and lab analysis is required.

Cross-media effects: No major effects.

Operational experiences: Low NOx burners have been applied successfully in the retrofit of
existing boilers and construction of new ones.

Economics: The investment costs are typically 0.5 - 0.8 MEuros. No major increase in the
operating costs is anticipated.

Driving force for implementing this technique: Low NOx burners are mainly used to reduce
NOx emissions from auxiliary boilers.

Reference plants: Numerous mills in Northern and Western Europe.

Literature:
[Rentz, 1996], [J. Poyry, 1997 b], [Finnish BAT Report, 1997], [Ministry of Education, 1994]

2.3.21 SNCR on bark boilers

Description of the technique: Due to the low combustion temperature bark boilers give
relatively low NOx emissions. Emissions are typically 70-100 mg NOx/MJ when only bark is
fired. At times when oil is used in the bark boiler an increase of NOx to about 100 - 150 mg
NOx/MJ can be determined. Excess oxygen effects the NOx formation and should therefore be
avoided. Too low excess oxygen increase however the risk for emissions of CO and VOC.

Primary NO is formed in furnaces either through reaction with nitrogen in air (thermal NO) or
through oxidation of nitrogen in fuel (fuel NO). Formation of thermal NO increases with
increasing temperature of the flame. A part of the NO is further oxidised to NO,.

In the SNCR process, NO is reduced by urea to nitrogen, carbon dioxide and water according to
the conceptual reaction 2NO + (NH,),CO + 1/20, - 2N, + CO, + 2 H)0.

The reaction occurs around 1000°C.

Applicability and characterisation of the measure: Equipment to inject urea (or ammonia)
can be installed in both existing and new boilers. The optimal reaction conditions can be
difficult to obtain in existing boilers, thus reducing the potential NOx reduction to about 40 %.

Main achieved environmental performance: The total NOx-reduction achievable in a bark
boiler is about 30-50% by making changing in the combustions techniques (see 2.3.20) and/or
by applying an SCNR process. The NOx emissions would then amount to 40-60 mg/MJ equal to
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about 100-200 mg/Nm’®. Emissions of gaseous sulphur are low or about 10-20 mg/MJ when
burning bark.

Monitoring of emissions: Continuous NOx measurement can be installed and experience
shows reliable results.

Cross media effects: Depending on the stochiometry the urea is added a slight increase of
ammonia (slip) may be determined.

Operational experiences: Installations of the technique have been in operation since the early
1990ies. Good availability is normally reported, but a number of incidents have occurred where
the injection of urea solution has caused damages inside the boiler. As this is both, a safety risk
and a cost installations have to be made with case and the operation properly monitored.

SNCR technique is difficult to control because of relatively fast changes of load might happen
in bark boilers. This results in variations in NOx reductions achieved by these techniques.

The process can be a potential source of emission of N,O or NH; but measurements demonstrate
the risk to be marginal. At least in Sweden SNCR on bark boiler is an established technique.

Economics: The investment costs for adding SNCR to the bark boiler for a bleached kraft mill
with a production capacity of 250000 and 500000 t/a amount to 690000 Euros and 1.15 MEuros
respectively. The investment costs include injection equipment, pipes, pumps, tanks and
rebuild/adoption of the boiler. The operating costs are mainly urea. About 1-2 kg urea is
required per kg NOx removed.

Driving force for implementing this technique: NOx has an acidifying potential and may
increase eutrophication. In some sensitive lake areas in Europe a further reduction of NOx
emissions by secondary measures as SNCR technique is therefore regarded as necessary. A fee
on NOx emissions in Sweden may also give an incentive for further NOx reduction.

Reference plants: Some mills in Sweden

Literature:
[SEPA-Report 4008], [SEPA-Report 4713-2, 1997], [Personal information from a Swedish mill]

2.3.22 Over Fire Air Technique (OFA) on recovery boilers

Description of the technique: The kraft recovery boiler operates with a reducing atmosphere in
the bottom. Accordingly the NO, formation in the recovery boiler is lower than that in other
furnaces. However, modifications to the air feed system have proved successful with respect to
NOjy reductions. Thermal NO, by fixation of nitrogen in the combustion air can be reduced by
limiting the amount of air in the combustion zone. In purpose designed systems air injection
ports are installed at quartiary level. A reduced NO, formation can be achieved in a kraft
recovery boiler through modifying the air feed system such as introducing a fourth air inlet in
the upper part of the boiler. The reduction of NOx emissions attributable to the use of this
technique is variable, dependent on the boiler type and design and the method of OFA
application, and will normally be 10-25%.

Applicability and characterisation of the measure: Applicable to both and existing mills.
Main achieved environmental performance: The achieved NOx-reduction seems to be

different from recovery boiler to recovery boiler. In some Swedish kraft pulp mills the
following experiences have been reported:
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Case 1: Installation and use of OFA-technique on an existing recovery boiler and operation
since 1990: 30% NOx-reduction achieved.

Case 2: Installation of the OFA technique on an existing recovery boiler. The new air feed
system is not any more used because of the increase of temperature in the overheater.

Case 3: Installation of the OFA technique on an existing recovery boiler in 1995: 20% NOx-
reduction achieved and in operation since the beginning of 1997.

Case 4: First new recovery boiler with OFA technique in 1996: The reduction of NOx emissions
of the latter are summarised in the table below:

Combustion air distribution Normal Over Fire Air (OFA) Technique
on the recovery boiler operation Trials Operation in May 98
Primary air [%] 45 35 40
Secondary air [%] 45 45 40
Tertiary air [%] 10 10 5-15
Quartiary air [%]= OFA 0 10 5-15
Observed effects on
NOx [mg/m’ ndg] 135 80 90
SO, [mg/m’ ndg] 20 35 <20

Table 2.37: Reduction of NOx emissions by use of over fire air technique in a new recovery boiler

Cross-media effect: No cross-media effects occur.

Operational experiences: The reduction of NOx emissions attributable to the use of this
technique is variable, dependent on the boiler type and design and the method of OFA
application. It has to be adapted to the specific conditions of recovery boilers. The application of
this technique - which is widely used in other combustion processes - may result in increases in
carbon monoxide and unburned carbon emissions if not well controlled.

Economics: The investment costs for modifying the air introduction to the recovery for a
bleached kraft mill with a production capacity of 250000 and 500000 t/a amount to 1.7 MEuros
and 2.3 MEuros respectively. The investment costs include new air inlets to the recovery boiler,
instrumentation, pipes and fans. There is no change in operating costs.

Driving force for implementing the technique: NOx has an acidifying potential and may
increase eutrophication. In some sensitive lake areas in Europe a further reduction of NOx
emissions by secondary measures is therefore regarded as necessary.

Reference plants: A few mills in Sweden

Literature:
[SEPA-Report 4713-2, 1997]

2.3.23 Installation of improved washing of lime mud in recausticizing

Description of the technique: Lime (CaO) is used to causticize green liquor (Na,S + Na,CO;)
into white liquor (Na,S + NaOH). After causticizing, lime mud (CaCQO;) is formed. Normally
lime mud is recycled in a lime kiln, where lime mud is burned and new lime is created. Before
the lime is sent to the kiln, it must be washed in order to remove residual sodium hydroxide,
sodium sulphide and other sodium salts, and then dewatered.
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The equipment used for lime mud washing is usually either clarifiers or press filters. In the past,
two-stage mud washers were in widespread use but more recently single-stage mud washing in
a unit-type clarifier with storage or in a pressure filter has become dominant.

Improved lime mud washing can reduce the residual content of white liquor in the mud from
100 mg/dm’ to 0-30 mg/dm’ in modern filters. The lime mud dryness can also be increased from
50-60 % to 70-80 %. More efficient washing reduces the concentration of sulphide in the lime
mud, thus reducing the formation of hydrogen sulphide in the lime kiln during the reburning
process.

Applicability and characterisation of the measure: Applicable to both and existing mills.

Main achieved environmental performance: Possible reduction of H,S (TRS) in the lime
kiln, which depends mainly on the availability of sodium in the lime and the sulphur content of
all fuels fed to the lime kiln. At the lowest sulphur input a small reduction can be achieved but
with higher sulphur inputs the effect can be non-existent or detrimental.

Cross-media effects: If washed to a too low sodium content, the emissions of TRS and also
particulate emissions from the lime kiln tend to increase.

Operational experiences: Improved washing of lime mud has been practised over 10 years at
pulp mills in Europe. Monitoring of residual sodium (NaOH) is required to avoid damming of
the lime kiln.

Economics: Investment costs are typically 1 -1.5 MEuros.

Driving force for implementing this technique: Reduction of H,S (TRS) and odours from the
flue gases of the lime kiln.

Reference plants: Numerous plants in Europe.

Literature
[SEPA-Report 4713-2, 1997]

2.3.24 Electrostatic precipitator for dust reduction in bark boiler and lime
kiln

Description of the technique:

Bark boiler

Wood residues (from bark and wood waste) are burnt to a large extent for steam production.
Steam from boilers is often used for power generation through back-pressure turbines. This heat
and power generation are necessary to reduce emissions of fossil fuels. With incineration, fewer
wastes are produced for disposal. Nowadays, a new incineration plant always requires a
sophisticated incineration system combined with advanced flue gas cleaning system.

The main emission from waste wood boilers is particulate matter. The particles consist of ash
and a residue of unburned material. Normally bark boilers have cyclones for dust collection
(85% efficiency). Today, electrostatic precipitators with cleaning efficiency above 95% are also
used more and more.

Lime kiln
A proper design of the lime kiln will minimise the dust formation. The sodium vaporisation
mechanism is related to the amount of sodium in the kiln and the high temperature of
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calcination section of the kiln. The extent of vaporisation can up to a certain level be controlled
by a proper adjustment of flame shape and position.

The use of different fuels also effects the dust emission. An oil flame at the hot end of the kiln
will, due to its good radiation properties, give a high extent of sodium vaporisation from the
lime producing sodium sulphate with sulphur dioxide. In order to minimise CaO, Na,SO, and
Na,CO; particles, an electrostatic precipitator can be installed. The electrostatic precipitator has
better dust removal properties than a scrubber. If there also are scrubbing facilities, the
electrostatic precipitator should be situated prior to the scrubber. The electrostatic precipitator
requires regular maintenance and monitoring. Overloading or uneven loading may cause
clogging of the chambers in the precipitator.

Applicability and characterisation of the measure: The measure can be adopted in new and
existing kraft mills.

Main achieved environmental performance: The main achieved environmental performance
with bark boilers is reduction of particulates from a level of 250-500 mg/m’n to a level of 100-
150 mg/m’n when using cyclones. An electrostatic precipitator for the flue gas from bark boiler
can achieve cleaning efficiency above 95% corresponding to dust emissions of about 20-40
mg/Nm’ (at 10% O, and dry gas)

The dust emissions from lime kiln will be 20 - 100 mg/m’n after the electrostatic precipitator.
The major part of dust leaving the kiln with the flue gas is CaO. It mostly escapes from the feed
end of the kiln. The amount of dust coming from the hot end of the kiln is significantly lower.
The main components of the dust emission of the stack are fine Na,SO4 and Na,COj; particles,
because CaO particles are more efficiently captured in flue gas cleaning equipment

Cross media effects: No major effects.

Operational experiences: The measure has been applied in a number of pulp mills.

Economics: In a 1500 ADt/d kraft mill, the investment costs for an electrostatic precipitator at
the bark boiler are about 3-4 MEuros and at the lime kiln 5-6 MEuros. The operating costs are

increased with less than 0.3 MEuros/a in both cases.

Driving force for implementing this technique: The reduction of dust emissions to air is
major reason to implement the method.

Reference plants: Numerous plants in Europe.

Literature:
[J. Poyry, 1997a], [J. Poyry, 1997b], [SEPA-Report 4713-2, 1997]
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2.4 Best Available Techniques
2.41 Introduction

In understanding this chapter and its contents, the attention of the reader is drawn back to the
preface of this document and in particular the fifth section of the preface: “How to understand
and use this document”. The techniques and associated emission and/or consumption levels, or
ranges of levels, presented in this chapter have been assessed through an iterative process
involving the following steps:

* identification of the key environmental issues for the sector; for integrated kraft pulp and
paper mills the major concerns are water use, wastewater discharge (COD, BOD, suspended
solids, N, P, AOX), energy consumption (steam and electricity), solid waste such as rejects,
sludge and ash, air emissions from energy generation (SO,, NO,, CO,, dust), noise, waste
heat to water and sometimes odour; the latter three stand for local impacts;

* examination of the techniques most relevant to address those key issues;

* identification of the best environmental performance levels, on the basis of the available
data in the European Union and world-wide;

e examination of the conditions under which these performance levels were achieved; such as
costs, cross-media effects, main driving forces involved in implementation of this
techniques;

* selection of the best available techniques (BAT) and the associated emission and/or
consumption levels for this sector in a general sense all according to Article 2(11) and
Annex IV of the Directive.

Expert judgement by the European IPPC Bureau and the relevant Technical Working Group
(TWG) has played a key role in each of these steps and in the way in which the information is
presented here.

On the basis of this assessment, techniques, and as far as possible emission and consumption
levels associated with the use of BAT, are presented in this chapter that are considered to be
appropriate to the sector as a whole and in many cases reflect current performance of some
installations within the sector. Where emission or consumption levels “associated with best
available techniques” are presented, this is to be understood as meaning that those levels
represent the environmental performance that could be anticipated as a result of the application,
in this sector, of the techniques described, bearing in mind the balance of costs and advantages
inherent within the definition of BAT. However, they are neither emission nor consumption
limit values and should not be understood as such. In some cases it may be technically possible
to achieve better emission or consumption levels but due to the costs involved or cross media
considerations, they are not considered to be appropriate as BAT for the sector as a whole.
However, such levels may be considered to be justified in more specific cases where there are
special driving forces.

The emission and consumption levels associated with the use of BAT have to be seen together
with any specified reference conditions (e.g. averaging periods).

The concept of “levels associated with BAT” described above is to be distinguished from the
term “achievable level” used elsewhere in this document. Where a level is described as
“achievable” using a particular technique or combination of techniques, this should be
understood to mean that the level may be expected to be achieved over a substantial period of
time in a well maintained and operated installation or process using those techniques.

Where available, data concerning costs have been given together with the description of the
techniques presented in the previous chapter. These give a rough indication about the
magnitude of costs involved. However, the actual cost of applying a technique will depend
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strongly on the specific situation regarding, for example, taxes, fees, and the technical
characteristics of the installation concerned. It is not possible to evaluate such site-specific
factors fully in this document. In the absence of data concerning costs, conclusions on
economic viability of techniques are drawn from observations on existing installations.

It is intended that the general BAT in this chapter are a reference point against which to judge
the current performance of an existing installation or to judge a proposal for a new installation.
In this way they will assist in the determination of appropriate "BAT-based" conditions for the
installation or in the establishment of general binding rules under Article 9(8). It is foreseen
that new installations can be designed to perform at or even better than the general BAT levels
presented here. It is also considered that existing installations could move towards the general
BAT levels or do better, subject to the technical and economic applicability of the techniques in
each case.

While the BREFs do not set legally binding standards, they are meant to give information for
the guidance of industry, Member States and the public on achievable emission and
consumption levels when using specified techniques. The appropriate limit values for any
specific case will need to be determined taking into account the objectives of the [PPC Directive
and the local considerations.

Manufacture of kraft pulp is not a single process but a series of unit processes, often linked and
inter-dependent. Therefore, it is always a suitable combination of techniques that constitutes
BAT for kraft pulp and paper mill. The order of priority and the selection of the techniques or
combinations of techniques depend on the local circumstances.

Best available techniques given below are, if not stated otherwise, applicable to new and
existing plants. In kraft pulp and paper mills, the applicability of a technique is less driven by
the fact whether a mill is new or existing. Pulp and paper mills are characterised by the fact that
machinery is rebuilt rather than replaced whole-scale. The modular rebuilding and development
of plants means that each site is a unique product of its location and history. On the other hand,
there is a series of unit processes, which are common in all countries.

Criteria to be considered in the determination of BAT in the specific cases are rather that
specific costs for smaller mills are relatively higher (economies of scale). Other factors to
consider are limitations of space, which some older mills might face, or unsuitable material or
lay out of older equipment, which does not fit for a higher degree of water closure. More water
system closure usually is combined with higher complexity of the system that needs to be
monitored, controlled and understood. Smaller mills might sometimes not have the knowledge
available which would be necessary to run and control more complex process solutions most
efficiently.

2.4.2 BAT for kraft pulp and paper mills

Below, the techniques or combination of techniques that are considered as BAT for integrated
and non-integrated kraft pulp mills are given. The following list of BAT is not considered
exhaustive and any other technique or combination of techniques achieving the same (or better)
performance can also be considered; such techniques may be under development or an emerging
technique or already available but not described in this document. For integrated kraft pulp and
paper mills it is refer to Section 6.4 where further details on BAT for papermaking are given. If
not stated otherwise, the data refer to yearly average values.
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General measures

1. Training, education and motivation of staff and operators. Pulp and paper mills are operated
by people. Therefore, training of staff can be a very cost-effective way of reducing
discharges of harmful substances.

2. Process control optimisation. To be able to reduce different pollutants simultaneously and to
maintain low emissions, improved process control is required.

3. To maintain the efficiency of the technical units of pulp mills and the associated abatement
techniques at a high level, sufficient maintenance has to be ensured.

4. Environmental management system which clearly defines the responsibilities for
environmentally relevant aspects in a mill. It raises awareness and includes goals and
measures, process and job instructions, check lists and other relevant documentation.

Measures for reducing of emissions to water

1. Dry debarking of wood

2. Modified cooking either in batch or continuous system

3. Highly efficient brown stock washing and closed cycle brown stock screening

4. Oxygen delignification

5. ECF or TCF final bleaching and some, mainly alkaline, process water recycling
in the bleach plant

6. Purification and reuse of condensates

7. Effective spill monitoring, containment, and recovery system

8. Sufficient black liquor evaporation plant and recovery boiler to cope with the additional
liquor and dry solids loads due to collection of spills, bleach plant effluents etc.

9. Collection and reuse of clean cooling waters

10. Provision of sufficiently large buffer tanks for storage of spilled cooking and recovery
liquors and dirty condensates to prevent sudden peaks of loading and occasional upsets in
the external effluent treatment plant

11. Primary treatment of wastewater

12. External biological wastewater treatment

The efficiency of each of these measures varies considerably with the design and operation
practices at different mills. To be regarded as a BAT measure it must also be well designed and
operated. A combination of the techniques of item 1 to 10 including the general measures result
in a range of emissions as shown in Table 2.38. The examples of mills stand for well performing
mills in Europe that have implemented a reasonable set of these techniques. All mills have
primary treatment and most of them also secondary effluent treatment. However, the values in
Table 2.38 all refer to water discharges after only primary treatment. The effect of biological
treatment of pulp mill effluents is discussed further below.
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Mills COD BODs,.; | TSS AOX Tot N | TotP Flow Production 97 Remarks
[kg/ADt] | [kg/ADt] | [ke/Adt] | [ke/ADt] [ke/ADt]| [ke/ADt] | [m3/ADt] [ADt/a]

ENCE, Huelva 28 n/a. 5.2 0.17 n/a. n/a. 41.2 310000 Bleached hardwood ECF

mill, Spain market pulp (eucalyptus)

Soedra Cell, Varo 36 n/a. n/a. 0 0.3 0.04 35 305000 Bleached softwood TCF

mill, Sweden market pulp

Soedra Cell, 31 14 n/a. 0 n/a. n/a. 45 507000 Bleached softwood/hard-

Monsteras mill, wood TCF market pulp

Sweden '

NSI, Tofte 35 2.3 0.19 n/a. 0.07 - 30 340000 Bleached ECF market pulp

Industrier, Norway 0.1

Pols AG, Austria ® 38 13 n/a. 0.5 n/a. | n/a. 467 280000 Bleached softwood ECF
market pulp

Stora, Celbi 17.3 49 2.7 0.16 0.15 0.11 52 270000 Bleached hardwood ECF

Portugal market pulp (eucalyptus)

Modo Alizay, 423 11 12.3 n/a. n/a. n/a. 61 244500 pulp Integrated ECF bleached

France (all site) 220000 paper | pulp & paper mill

Enocell, Finland * 54 17 n/a. 0.67 0.19 0.04 38 586000 Bleached softwood/hard-
wood (birch) ECF and TCF
market pulp

Metsd-Rauma, 28 11 n/a. n/a. n/a. 0.021 10 500000 Bleached TCF soft-wood

Finland * market pulp

Modo, Husum 37 19 n/a. 0.30 0.19 | 0.060 77 677000 pulp Integrated ECF bleached

mill, Sweden * 485000 paper | pulp & paper mill

SCA, Ostrand, 38 15 n/a. - 0.40 0.060 39 n/a. Bleached softwood TCF

Sweden * market pulp

Soedra Cell, 41 17 n/a. 0.25 0.30 | 0.040 73 376000 Bleached softwood

Morrum mill, TCF/ECF market pulp

Sweden

AssiDomén 13 6.4 n/a. - 0.06 | 0.008 24 562000 Unbleached Kraft +

Kraftliner mill, kraftliner, 19% recycled

Sweden ° fibres

SCA, Munksund 16 7.9 33 - 0.07 | 0.012 41 338000 Unbleached Kraft +

mill, Sweden ° kraftliner, 33% recycled
fibres

SCA, Obbola mill, 19 9 3.5 - 0.15 | 0.013 12 363000 Unbleached Kraft +

Sweden ° kraftliner, 41% recycled
fibres

Smurfit CdP 17.3 7.7 1.6 - 0.25 | 0.009 28.4 350000 - Unbleached Kraft +

Facture mill, 400000 kraftliner, 20% recycled

France * fibres, 10% purchased pulp

Mill 5, Portugal ° 18 6 29 n/a. n/a. n/a. 25 270000 Unbleached Kraft +

kraftliner

n/a. = not data available
Notes: 1) Average data of the second half of 1998 after primary treatment
2) Greenfield mill built in 1996; data from "Fifth Global Conference on Paper and the Environment, Session 3, 1997"
3) COD data for 1998; the rest is for 1997
4) Data for 1998
5) Per tonne of liner produced
6) Values are levels before secondary treatment. The mill runs a biological treatment

7) The figure for water flow excludes paper production. The contribution of a small paper production is negligible for the other

parameters.

Table 2.38: Examples of achieved emission levels to water after only primary treatment of some
existing pulp mills in Europe (reference year: 1997). Most of these mills have also implemented
secondary biological treatment (see Table 2.40).

The list of mills is a selection of mills where data were available or provided and is therefore not
intended to be complete. It contains mills from every pulping country in Europe. Further examples
are given for mills after biological treatment in Table 2.40 below. The data are derived from
environmental reports of the companies, personal communication and SEPA report 4924 "The
Forest Industry's emissions to water and air, amounts of waste and energy consumption, 1997"(in
Swedish only). The method of analysing is the one used in the respective country. In Sweden and
Finland the values for BOD are given as BOD,

Depending on the type of pulp wood used, the specific process-integrated measures
implemented and the technical character of the mill the following emission to water associated
with the use of BAT can be generally achieved before biological treatment:
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Parameters Units Bleached Kraft' Integrated unbleached Kraft *
COD kg/ADt 30°-45 15-20
BOD kg/ADt 132-19 6-9
TSS kg/ADt 2-4 2-4
AOX kg/ADt (-)-04 *
Total P kg/ADt 0.04-0.06* 0.01-0.02
Total N kg/ADt 03-04 0.1-0.2
Process wastewater amount m’/ADt 30-50 15-25

Notes:

*This parameter is not relevant here. Low emissions of AOX may occur from re-pulping of purchased bleached pulp

1) Emission levels for non-integrated and integrated bleached Kraft pulp mills per tonne of pulp.

2) Lower values are achievable when only hardwood is pulped

3) Unbleached Kraft pulp mills are all integrated mills. They produce kraftliner, unbleached board grades and sack
and other Kraft paper. Many of them use recycled fibres and purchased bleached pulp. Higher emission levels
are usually found in mills using more recycled fibres as raw material. Figures are per tonne of liner/paper/board
produced

4) Due to the higher content of phosphorus in the pulp wood eucalyptus pulp mills can not achieve this values.
Current mill data for P emissions to water range from 0.037 - 0.23 kg P/ADt. The average of the reported data is
0.11 kg P/ADt

Table 2.39: Emission levels associated with the use of a suitable combination of best available
techniques achieved after primary treatment
Values for bleached and unbleached kraft pulp mills are given

When implementing suitable combinations of BAT achievable emission levels for non-
integrated and integrated Kraft pulp mills are considered to be in the same range as far as the
pulping side is concerned. For integrated mills, to the measures related to pulp mills (Chapter 2)
and additionally the measures described under the corresponding chapter on papermaking
(Chapter 6) have to be considered.

However, there are some techniques to consider that refer solely to integrated pulp mills as for
example

»  Effective separation of the water systems of the pulp and paper mill from each other

* Recycling of the pulp dilution water between the pulp and paper mills.
The recirculation of process water from the paper machine to the pulp mill is not possible
when the mill sells part of its pulp production to the open market or the mill has two or
more paper machines making different types of paper, the white waters of which are
incompatible or when coloured paper is manufactured.

External biological wastewater treatment

In addition to the process-integrated measures and primary treatment (item 1 to 10) biological
treatment is considered BAT for Kraft pulp mills. Activated sludge plants consisting of
equalisation basin, aeration basin, secondary clarifier and sludge handling show excellent
performance for the treatment of pulp mill effluents. Low loaded activated sludge plants with a
sludge load below 0.15 kg BOD/(kg MLSS*d) and typical retention times in the aeration basin
of about one day (up to 2 days) are regarded as BAT. They can achieve high removal
efficiencies and a stable treatment system.

It should be noted that any other treatment with comparable emission levels and comparable
costs can also be regarded as BAT.

Table 2.40 shows achieved emission levels of some pulp mills in Europe that have implemented
a set of process-integrated BAT measures but not necessarily all and not necessarily to their full
extent but together with biological wastewater treatment. Figures give within brackets in Table
2.40 are in terms of concentration [mg/1].
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Reported achieved emission levels after biological treatment (annual Type of
averages) treatment
Pulp mills COD BODs 7 AOX TSS Total P | TotalN | Flow?® | e.g. normal-/
[kg/Adt] | [kg/Adt] | [kg/Adt] | [kg/Adt] | [kg/Adt] | [kg/Adt] | [mAd | low-load
t]
Soedra Cell, 13 0.9 -) 1.7 0.03 0.31 45 Activated
Mbonsteras, (300) (20) (40) 0.7) 7 sludge with
Sweden! long retention
time (>2 d)
Pols AG, Austria 17.6 0.64 0.30 1.45 0.07 0.06 458° | Activated
(400) (15) (6.6) (30) (1.5) (1.5) sludge with 14
h retention
Modo Alizay, 11.1 0.6 0.1 2.24 0.08 0.38 61 Activated
France (all site) * (180) (10) (1.6) 37 (1.3) (6.2) sludge
Enocell, Finland 12 0.2 0.14 0.3 0.004 0.08 39 Activated
(300) ®) ®) ®) (0.1) @ sludge with 24

h retention +
aerated pond

MB Kaskinen, 14 0.3 0.07 1.0 0.02 0.15 49 Activated
Finland (300) @) (1.4) (20) (0.4) 3) sludge
Sunila, Finland 22 14 0.14 2.1 0.026 0.21 70 Activated
(160) (10) (0.2) (15) 0.2) 6) sludge
MB Aénekoski, 24 0.6 0.38 1.9 0.012 0.17 32 Activated
Finland (750) (5) (11.9) (60) (0.4) (5) sludge
UPM Kymi, Fin- 23 2.7 0.22 1.1 0.02 0.19 63 Activated
land, integrated ° (360) (40) (3.5) (20) (0.3) 3) sludge
Metsd-Rauma, 4 0.4 -) 0.7 0.015 0.14 15 Activated
built in 1996, (270) (30) (45) @)) (10) sludge
Finland ?
Alberta-Pacific, 6.9 0.2 0.05 1.66 n/a. n/a. 50 - | Activated
Alberta, Canada (130) (@) (0.8) (30) 60 sludge with
about 40 h
retention time
Béckhammars mill, 7 1.5 - 0.9 0.007 0.47 85 Biological
Sweden, unbleach. (80) (20) (10) 0.1) %) treatment +
Kraft + Kraft-paper chemical

precipitation

n/a. = no data available

Notes:

1) Average data for the second half of 1998

2) Values calculated by the mill. The mill was built as a greenfield mill in 1996 and has a common treatment with an adjacent
mechanical pulp and paper mill

3) Water flow excludes cooling water

4) Figures are per tonne of finished product. Figures per tonne of bleached Kraft pulp produced would be different, e.g. for COD 13
kg/ADt, BOD 0.63 kg/ADt, TSS 2.82 kg/ADt, flow 64 m*/ADt; data refer to 1998

5) Figures are per tonne of finished product (fine paper). Figures per tonne of bleached kraft pulp would be:
zCOD: 28 kg/ADt; BOD7: 0.5 kg/ADt; AOX: 0.33 kg/ADt; TSS: 0.8 kg/ADt; tot-P: 0.02 kg/ADt; tot-N: 0.2 kg/ADt; flow: 42

m’/ADt

6) Value excludes paper production. The contribution of a small paper production is negligible for the other parameters.

Table 2.40: Examples of achieved emission levels to water after biological treatment of existing pulp
mills in Europe (reference year: 1997)

The list of mills is a selection of mills where data were available or provided and is therefore not
intended to be complete. The data are derived from available environmental reports, statistics from
Finnish Environment Institute and from personel communication. The method of analysis is the
one used in the repective country. In Sweden and Finland the values for BOD are given as BOD,

Assuming adequate design and capacity of the wastewater treatment plant and appropriate
operation and control by skilled operators the following discharge after biological treatment is
generally achievable. The emissions to water do not differ very much between integrated and
non-integrated kraft pulp mills when down at these levels associated with BAT.
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Parameters Unit Bleached Kraft! + krgflill;:le:rc:)l:(::jli;f;p er?
COD kg/ADt 8§-23 5.0-10
BOD kg/ADt 03-15 0.2-0.7
TSS kg/ADt 0.6-1.5 03-1.0
AOX ke/ADt ()-0.25 -
Total P kg/ADt 0.01-0.03° 0.01 -0.02
Total N kg/ADt 0.1-025° 0.1-02
Process wastewater amount > m’/ADt 30-50 15-25

Notes:

1) Emission levels for non-integrated and integrated bleached Kraft pulp mills

2) Emission levels for integrated unbleached Kraft pulp and paper/liner mills

3) Due to the higher content of phosphorus in the pulp wood some eucalyptus pulp mills can not achieve this values if P is in
excess of the need of the biological treatment plant. Emission will be determined by P-content of the wood. No phosphorus
needs to be added to the wastewater treatment plant.

4) Any nitrogen discharge associated with the use of complexing agents should be added to the figure of tot-N

5) Cooling water and other clean water are discharged separately and are not included

Table 2.41: Emission levels associated with the use of a suitable combination of best available

techniques after biological treatment
Values for bleached and unbleached kraft pulp mills are given

Table 2.41 should be read together with the following additional explanations:

Chemical oxygen demand (COD): The reduction rate for COD is related to the types and
amounts of effluents treated (e.g. condensates are more degradable than spills), the
construction and hydraulics of the treatment plant and appropriate adjustment of the
operating parameters. COD removal rates of 65 - 75 % are achieved by well designed and
controlled low loaded plants. However, long retention times means big aeration basins and
more consumption of pumping and aeration energy is needed. To be regarded as well
performing plant the COD reduction rates in treatment should exceed 55%.

Consequently, emission levels of 8 - 23 kg COD/ADt can generally be achieved by
bleached Kraft pulp mills. The concentration measured in effluents of these mills is in the
range of 250 - 400 mg COD/I.

The most common reasons for less performing activated sludge plants are chosen design
and too high load. On the other hand, the best plants achieving a COD-removal of about
75% are operating at a level where further reduction of organic matter (measured as COD)
is very limited by means of biological treatment.

Biological oxygen demand (BOD:;s , 7): In well designed treatment plants BOD is removed
almost completely (95% + removal) from pulp mills wastewater when the carbon-
phosphorus-nitrogen ratio and oxygen supply is maintained sufficient and well controlled.
In case of disturbances or if some of the running parameters are moving away from the
target level, the BOD concentration in effluents will start to increase. This calls for
adjustment of the running parameters and/or analysis of the biomass. The BOD
concentration in the effluent is related to the control of system and can be used as an
indicator of the health of the active biomass.

The BOD concentration in treated effluents between 10 and 25 mg/l are associated with
BAT. Depending on the water flow this corresponds to 0.3 kg BODs/Adt (at 10 mg/l and 30
m’ flow/Adt) and 1.3 kg BODs/Adt respectively (at 25 mg/l and 50 m’ flow).

Total suspended solids (TSS): Under normal operation conditions, the water from the
secondary clarifier is fairly clear and suspended solids content is in the range of 20 to 30
mg/l. This corresponds to discharges of 0.6 — 1.5 kg TSS/Adt (at a water flow of 30 - 50
m’/Adt). The values depend on the surface load of the secondary clarifier and the
characteristics of the biomass.
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* Adsorbable organic halogen (AOX): Discharges of chlorinated organics are usually in the
range of 0 - 0.5 kg/Adt before biological treatment as the bleaching process was modified
towards ECF or TCF bleaching in most European pulp mills. Activated sludge treatment
result in AOX reduction between 40 and 60 %. ECF mills achieve emission levels of < 0.25
kg/Adt. TCF mills discharge virtually no chlorinated organics (no formation in bleaching).

* Phosphorus and nitrogen (Tot-P and Tot-N): Mineral nutrients are usually added to the
biological treatment plant to keep the balance C : P : N which is of crucial importance for
the growth of active biomass. Therefore, only focussing on incoming concentration or
reduction rates for N and P will not achieve its purpose. It is rather necessary to find and
keep a balance between incoming N- and P-compounds that are available for biomass and
the amount of nutrients, if any, added which requires a certain fine-tuning of the nutrient
feed. Often, pulp mills do not add phosphorus to their wastewater whereas nitrogen addition
(usually as urea) is essential for pulp mills. When the system is well optimised the
phosphorus discharge of 0.2 - 0.5 mg tot-P/l and 2 - 5 mg tot-N/I are achieved. The
corresponding loads are 0.01 - 0.03 kg P/Adt and 0.1 - 0.25 kg N/Adt respectively (at a
water flow of 50 m*/Adt). Tot-P from bleached pulp is slightly higher than from unbleached
because phosphorus is dissolved out in the bleach plant.

To ensure a continuously well running wastewater treatment plant an emergency basin to
protect the biomass from toxic or hot concentrated liquors and an equalisation basin to equalise
load and flows can be beneficial.

Measures for reducing of emissions to air

1. Collection and incineration of concentrated malodorous gases from the fibre line, cooking
plant, evaporation plant, condensate stripper, and control of the resulting SO,. The strong
gases can be burnt in the recovery boiler, the lime kiln or a separate, low NOx fournace. The
flue gases of the latter have a high concentration of SO, that is recovered in a scrubber.

2. Collection and incineration of diluted malodorous gases from e.g. the fibre line, various
sources as tanks, chip bins, smelt dissolver etc. The weak malodorous gases can be burnt in
e.g. the recovery boiler mixed with combustion air or in an auxiliary boiler depending on
the volume.

3. Mitigation of the TRS emissions of the recovery boiler by computerised combustion control
and CO measurement and in the case of the lime kiln by controlling the excess oxygen, by
using low S-fuel, and by controlling the residual soluble sodium from the lime mud fed to
the kiln.

4. Control of SO, emissions from the recovery boilers by firing high dry solids concentration
black liquor in the recovery boiler to mitigate SO, formation and/or by using a flue gas
scrubber.

5. Control of NOy emissions from the recovery boilers and lime kiln by controlling the firing
conditions and by ensuring proper mixing and division of air in the boiler, and for new or
altered installations also by appropriate design;

6. Control of NO, emissions from auxiliary boilers by controlling firing conditions and for
new or altered installations also by appropriate design.

7. Reducing SO2 emissions from auxiliary boilers by using bark, gas, low sulphur oil and coal
or controlling S emissions with a scrubber.

8. Cleaning of the recovery boilers, auxiliary boilers (in which other biofuels and/or fossil fuels

are incinerated) and lime kiln flue gases with efficient electrostatic precipitators to mitigate
dust emissions.

A combination of these techniques result in a range of emissions for the major sources as shown
in Table 2.42. The examples of mills stand for well performing mills in Europe that have
implemented a reasonable set of these techniques. In all mill cases the gaseous emissions are
cleaned with modern gas cleaning equipment as electrostatic precipitators and scrubbers
according to practical application needs. Process related emissions cover recovery boiler (s),
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lime kiln (s), fugitive emissions and other furnaces (e.g. for TRS incineration) linked to the
process, if any.

It should be noted that a direct comparison of the emission levels between countries is difficult
due to uncertainties in the basis of data (lack of harmonisation in the methods of analysis and
calculating emissions).

Reported emissions to the atmosphere from Kraft pulp mills (annual averages)

Emission of gaseous sulphur (SO, and TRS) Emission of NOx in kg NOx/Adt
in kg S/ADt of pulp (expressed as NO,)
Mill Recov. Lime Separate Auxiliary Fugitive | Total Recovery Lime Separate | Auxiliary [ Total
boiler '|  Kkiln' furnace ', boiler 2 emissions *| from boiler kiln furnace, boiler from
if any process if any process

Aspa, Sweden 0.36 0.10 - n.a. 0.37 0.83 1.29 0.20 - n.a. 1.49
Iggesund, Sweden 0.40 0.11 0.14 0.30 0.23 0.89 1.50 0.13 - 0.82 1.63
Husum, Sweden * 0.30 0.01 0.16 0.16 0.33 0.79 1.21 0.11 0.07 0.39 1.50
Monsteras, 0.11 0.05 - 0.10 0.50 0.66 0.95 0.21 - 0.12 1.16
Sweden
Ostrand, Sweden 0.06 0.40 - 0.07 0.47 0.93 1.36 0.08 - 0.47 1.44
Skutskér, Sweden 0.14 0.10 0.09 0.02 0.43 0.76 1.26 0.19 - 0.37 1.45
Skaérblacka, 0.17 0.05 0.05 0.10 0.03 0.29 0.66 0.23 - 0.72 0.89
Sweden *
Skoghall, Sweden * | 0.17 <0.01 0.05 0.49 0.30 0.52 1.14 0.15 0.13 0.53 1.42
Vallvik, Sweden 0.07 0.29 - 0.19 0.12 0.48 1.44 0.22 - 0.28 1.65
Vard, Sweden 0.06 0.29 - 0.04 0.49 0.74 1.51 0.26 - 0.20 1.79
Dynis, Sweden * 0.04 <0.01 0.24 0.22 0.45 0.74 1.24 0.22 - 0.52 1.66
Frovi, Sweden * 0.03 0.01 0.06 0.26 0.21 0.31 1.01 0.21 0.29 0.99 1.51
Obbola, Sweden * 0.11 <0.01 0.03 0.05 =(0.3 0.4 1.02 0.18 - 0.31 1.20
Béackhammar, 0.14 0.01 - 0.25 =02 0.4 122 0.04 - 0.37 1.26
Sweden *
Huelva, Spain 0.41 0.67 - 0.17 n/a. 1.08 0.88 0.06 - 0.31 0.94
Pols AG, Austria 0.04 <0.01 - - 0.009 © 0.04 1.6 0.45 - - 2.05
Stora Celbi, 0.06 0.02 0.02 0.62 n/a. 0.10 1.02 0.17 0.19 0.37 1.38
Portugal
Enocell, Finland ® 0.011 0.133 0.029 0.015 0.125 0.30 1.186 0.171 0.164 0.292 1.52
Oulu, Finland * 0.046 0.006 0.292 - 0.050 0.39 0.810 0.270 - - 1.08
Asneskoski, 0.380 0.059 - - 0.095 0.53 1.748 0.101 - - 1.85
Finland
Kaskinen, Finland 0.392 0.044 - - 0.095 0.53 1.366 0.160 - 0.611 1.53
Sunila, Finland 0.433 0.061 0.012 0.313 0.298 0.80 1.029 0.275 0.042 0.404 1.35
Joutseno, Finland 0.036 0.012 - - 0.719 0.77 1.013 0.168 - 0.261 1.18
Wisaforest, 0.178 0.030 0.069 0.189 0.082 0.36 0.864 0.326 0.403 0.758 1.59
Finland
n/a. = no data available; "=" means that figures are estimated mainly from previous reports; n.a. = the mill has no auxiliary boiler

Explanatory notes:
Gaseous sulphur is mainly SO,-S. Usually only very small amounts of HaS is released (usually below 10 mg H,S/Nm®)
2. The emissions from auxiliary boilers are not included in the figures "total from process"

3. Fugitive emissions are mainly reduced sulphur compounds (TRS). This emission is usually not monitored regularly by European
chemical pulp mills (However, in Finland TRS emissions are monitored regularly by every kraft pulp mill). Figures reported include

estimates of these emissions, based on the latest monitoring carried out.
4. Integrated pulp and paper mills
5. Emissions in 1998

6.  All relevant diffuse emissions are extensively collected and are therefore negligible. Only in case of maintenance or failures diffuse

emission are occasionally released. The TRS emissions are the TRS contributions of the RB and lime kilns.

Table 2.42: Examples of achieved emission levels to air of some well performing existing pulp mills
in Europe (reference year: 1997)

The total process emissions do not include the auxiliary boilers. The list of mills is a selection of
mills where data were available or provided and is therefore not intended to be complete. It
contains rather mills from different pulping countries in Europe. The data are derived from
environmental reports of the companies for 1997, personel communication, SEPA report 4924 "The
Forest Industry's emissions to water and air, amounts of waste and energy consumption, 1997"(in
Swedish only) and from statistics of the Finnish Environment Institute. The method of analysing is
the one used in the respective country
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The balance between different gaseous emissions (SO,, TRS, NOx) and the recovery process
itself should be kept in mind and carefully assessed when determining emission ranges.
Depending on the type of the specific process-integrated measures implemented and the
technical character of the mill the following atmospheric process emissions associated with the
use of BAT can be generally achieved:

Parameters Units Bleached and unbleached
kraft pulp mills
TSP kg/ADt 0.2-0.5
SO,as S kgS/ADt 0.2-0.4
NOy as NO, kg/ADt 1.0-1.5
TRS as S kgS/ADt 0.1-0.2

Table 2.43: Emission levels from the pulping process associated with the use of a suitable
combination of best available techniques (emissions from any auxiliary boiler are not included)
Process related emissions include recovery boiler(s), lime kiln(s), fugitive emissions and separate
furnaces (e.g. for TRS incineration) linked to the process, if any. Values for bleached and
unbleached Kraft pulp mills are not distinguished because there is no significant technical
difference to consider

Table 2.43 should be read together with the following additional explanations. As far as
concentrations of emissions are given they refer to daily averages and standard conditions of
273 K, 101.3 kPa and dry gas. The reference oxygen content is 5% for lime kilns and 5% for
recovery boilers.

Dust emissions: In kraft pulp mills, emission of particulates are controlled by electrostatic
precipitators and sometimes also in SO, scrubbers. TSP emissions for recovery boilers between
30 - 50 mg/Nm® or 0.2 - 0.5 kg TSP/ADt (with a gas flow of 7000 - 9000 m’/ADt) are
considered as BAT. This level can generally be achieved by more modern recovery boilers by
use of ESP only. Old recovery boilers achieve this levels when they apply ESP and scrubbers.
However, scrubbers are mainly applied for removal of SO,. 100-150 mg dust/m’ is achievable at
many existing mills which do not have a scrubber.

With an SO,-scrubber after the ESP, emissions at about 15 mg/Nm3 are achievable.

For lime kilns 30 - 50 mg/Nm?® or 0.03 - 0.05 kg/ADt (with a gas flow of 1000 m*/ADt) can
generally be achieved when using an ESP.

SO, emissions: If changes in the fuel or the operation do not give enough reduction of SO,
emission, removing sulphur oxides from flue gases by absorption in alkaline liquid is
considered BAT. The removal efficiency for SO, is usually well above 90%.

- From recovery boilers equipped with a scrubber SO, emissions between 10 - 50 mg S/Nm’
or 0.1 - 0.4 kg S/ADt are achieved. Recovery boilers operating with high dry solid content
of black liquor release very low SO, emissions normally below 0.1 kg S/ADt or down to 5 -
10 mg S/Nm’.

- The SO, emission levels of the lime kiln depend mainly on the fuel used, sulphur in the lime
mud and whether NCG are also fed to the kiln. Oil fired kiln without NCG incineration
achieves 5 - 30 mg SOy/Nm® or 0.005 - 0.03 kg SO,/ADt. Oil fired kiln with NCG
incineration achieve 150 - 300 mg SO,/Nm’ or 0.1 - 0.3 kg SO,/ADt. Depending on the
amount of sulphur (NCG) applied to the lime kiln a scrubber may be required. Another
option for SO, reduction would be to choose another location for incineration of NCG than
the lime kiln or use less sulphur containing oil burned as fuel.
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NO, emissions: The emission of nitrogen oxides can be controlled by burner design (low NOy

burners) and modified combustion conditions (primary methods).

- The design of the recovery boiler (staged air feed systems) can result in relatively low NOy
concentrations. The recovery boiler is however responsible for the largest contribution to
the total NO, emission because of the large amount of liquors that are being burnt.
Increased black liquor dry solids can lead to a slightly increase of NO, emissions.
Achievable emission levels are in the range of 80 - 120 mg NO,/Nm® (40 - 60 mg NO,/MJ)
or 0.7 - 1.1 kg NOx/ADt respectively. Process steam production is between about 13 and 18
GJ/ADt of pulp.

- The lime kiln is a also a source of NOx emission in kraft mills because of the high
combustion temperature. In lime kilns the type of fuel also influences the NO, formation.
Higher NO, levels are measured with gas firing than with oil firing. In oil firing the NOx
emission of the lime kiln is in the range of 100 - 200 mg/Nm’ or 0.1 - 0.2 kg NO,/ADt
whereas gas fired kilns achieve 380 - 600 mg/Nm’ or 0.4 - 0.6 kg NO,/ADt. Combustion of
malodorous gases in the lime kiln can also increase NO, emissions. The possibilities to
decrease the NO, emissions by adjusting the kiln running parameters, the flame shape, the
air distribution and the excess oxygen is limited but can lead to slight reduction of NOy
formation (about 10 - 20%).

- A separate furnace for TRS burning adds about 0.1 - 0.2 kg NOx/ADt.

Secondary methods as selective non-catalytic reduction (SNCR) are not in operation.

TRS emissions (malodorous gases): Pulp mill malodorous gases are collected and treated in
different ways depending on the concentration and volume of the gases. The malodorous gas
streams are devided into strong and weak gases. The systems for treatment of concentrated
malodorous gases include a back-up system, which is activated when there are disturbances,
maintenance or other downtimes of the normal system. Treatment methods for malodorous
gases are incineration and alkaline scrubbing. There are different options for incineration of
malodorous gases: lime kilns, dedicated incinerators or recovery boilers.

- When low volume concentrated malodorous gases are incinerated in the lime kiln, sulphur
is partly absorbed. TRS emissions from the lime kiln are controlled by efficient lime mud
washing and combustion condition control. A level of below 15 mg H,S/Nmj; (10% O,) can
be achieved with a modern lime filter. If a further reduction of the TRS emissions is
required an alkali scrubber must be installed after the ESP. This can bring the H,S
emissions down to about 1.5 mg/Nm’ but is linked to a high consumption of alkali.

- Incineration of concentrated malodorous gases in an dedicated incinerator transform TRS to
SO, emissions. The incinerator therefore always has to be equipped with a scrubber.

- The incineration of concentrated gases in the recovery boiler operated with high solid
content leads to very low sulphur emissions both SO, and TRS.

- High volume, diluted malodorous gases can be send to the recovery boiler where they are
mixed into the secondary or tertiary combustion air or be burnt together with concentrated
TRS in a separate dedicated burner. In lime kilns diluted malodorous gases can be mixed
into the secondary air.

Besides the chosen gas treatment system the final TRS emissions are determined by the number
of units that are connected to the gas collection system and the availability of the treatment
system including back-up systems. Released fugitive TRS emissions consist mainly of non-
collected diluted malodorous gases. The availability depend on the gas treatment system, the
number and type of back-up systems and the monitoring and control of the system. High
availability of the gas treatment system can be achieved for instance by

- use of a dedicated incinerator with SO, scrubber as the major unit and by use of the lime
kiln or an alkaline scrubber as one back-up and a flare as a second back-up.

- incineration of the strong and weak gases in the recovery boiler and use of the lime kiln as
one back-up and a flare as a second back-up.
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Auxiliary boilers

Depending on the actual energy balance of the mill, the type of external fuels used and the fate
of possible biofuels as bark and wood-waste additionally there are atmospheric emissions from
auxiliary boilers to consider. Emission levels associated with BAT from auxiliary boilers
incinerating own biofuels and different fossil fuels are given in Table 2.44. The total releases to
air are very site specific (e.g. type of fuel, integrated or market pulp mill, production of
electricity). It should be noted that many mills use fuel mixes.

Released substances Coal Heavy fuel Gas oil Gas Biofuel
oil (e.g. bark)

mg S/MJ fuel input 100-200 ! 100 -200 ! 25-50 <5 <15

(50 - 100)° (50-100)°
mg NO/MJ fuel 80-110° 80— 1102 45-60 2 30 -60 2 60 —100 *
input (50-80 SNCR)* | (50-80 SNCR)* (40-70 SNCR)
mg dust/Nm’ 10-30* 10-40* 10-30 <5 10-30*

at 6% O, at3 % 0, 3% 0, 3% 0, at 6% O,
Notes:

sulphur could be achieved with injection of calcium carbonate.
2) Only combustion technology is applied
3) Secondary measures as SNCR are also applied; only larger installations
4) Achieved values when electrostatic precipitators are used

5) When a scrubber is used; only applied to larger installations

1) Sulphur emissions of oil or coal fired boilers depend on the availability of low-S oil and coal. Certain reduction of

Table 2.44: Emission levels associated with the use of BAT for different fuels

It has to be noted that auxiliary boilers within the pulp and paper industry are of a very variable
size (from 10 to above 200 MW). For the smaller only the use of low-S fuel and combustion
techniques can be applied at reasonable costs while for the larger also control measures. This
difference is reflected in Table 3.19. The higher range is considered BAT for smaller
installations and is.achieved when only quality of fuel and internal measures are applied; the
lower levels (in brackets) are associated with additional control measures like SNCR and
scrubbers and are regarded as BAT for larger installations

In a modern non-integrated mill the heat generated from black liquor and incineration of bark
exceeds the energy required for the entire production process. However, fuel oil will be needed
at certain occasions like start-up and also at many mills in the lime kiln.

Solid waste

1. Minimisation the generation of solid waste and recover, re-cycle and re-use these
materials as far as possible.

2. Separate collection of waste fractions at source and, if necessary, intermediate storage of
residuals/waste to make possible an appropriate handling of remaining waste products

3. Incinerating all non-hazardous organic material (bark, wood waste, effluent sludge, etc.)
in an auxiliary boiler, specially designed for burning of moist, low calorific value fuels
(as e.g. fluidised bed boilers)

4. External utilisation of residuals/waste as substitutes in forestry, agriculture or other
industries, if possible

It should be noted that there is little detailed and reliable information available on achievable
amounts of solid wastes. There is a lack of statistical data and various terms for different waste
fractions are used in Europe. Some countries report only those solid waste - primarily inorganic
solid wastes - which no longer can be recycled or reused, but have to be disposed off to landfill.
This implies that all the organic wastes which have a reasonable heating value and/or which can
be incinerated without the risk of hazardous emissions in the auxiliary boiler of a mill are
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already excluded from the given solid waste amounts (bark and wood waste, primary and
biosludge from wastewater treatment). Hence, the solid waste disposed of at landfill comprises
mainly boiler ashes, causticizing dregs, lime mud, green liquor sludge, some wood and bark
waste rejects and miscellaneous cleaning and mixed household-type wastes.

Therefore, it is difficult to present achievable values on the amount of non-hazardous solid
waste. To give an indication about the amount of solid waste that might be expected at Kraft
pulp mills that apply BAT some examples on the main types of solid waste for landfill are given
in Table 2.45. It is assumed that bark and other wood residues as well as the mixed sludge from
wastewater treatment are utilised for energy production in the auxiliary boiler. The waste
amounts are all given as bone dry kilos per tonne of final product (100% DS).

Examples Type of waste Amount Total
[kg DS/ADt] [kg DS/ADt]
Bleached Kraft market - Ashes 2.0 15
pulp mill - Dregs 10.0
- Bark, wood waste etc. 34
- Rejects 0.3
Bleached Kraft market - Lime mud 9.7 45
pulp mill - Green liquor dregs 8.1
- Bio- & primary sludge 8.7
- Reject (woodhandling) 2.1
- Wood ashes 3.9
- Other 10.5
Integrated unbleached Not specified No data 30-50
Kraft pulp mills available (range of 3 examples)

Table 2.45: Examples for the amount of solid waste for landfilling from some Kraft pulp mills
[Data from mill examples and environmental reports]

A small amount of hazardous waste is generated in all mills. Such waste include oil and grease
residues, used hydraulic and transformer oils, waste batteries and other scrap electrical
equipment, solvents, paints, biocide and chemical residues, etc. Normally they amount to about
0.05-0.1 kg/t of product.

Energy saving measures

In order to reduce the consumption of fresh steam and electric power, and to increase the
generation of steam and electric power internally, a number of measures are available.

1) Measures for a high heat recovery and a low heat consumption:
- High dry solids content of black liquor and bark

- High efficiency of steam boilers, e.g. low flue gas temperatures
- Effective secondary heating system e.g. hot water about 85 °C
- Well closed-up water system

- Relatively well closed-up bleaching plant

- High pulp concentration (MC-technique)

- Pre-drying of lime

- Use of secondary heat to heat buildings

- Good process control
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2) Measures for low consumption of electric power

- As high pulp consistency as possible in screening and cleaning
- Speed control of various large motors
- Efficient vacuum pumps

- Proper sizing of pipes, pumps and fans

3) Measures for a high generation of electric power
- High boiler pressure
- Outlet steam pressure in the back-pressure turbine as low technically feasible
- Condensing turbine for power production from excess steam
- High turbine efficiency
- Preheating of air and fuel charged to boilers

The effect of this energy saving measures can often not be easily been shown in form of values
because improvements depend on the situation of the mill before the measures were

implemented.

In many European countries, information on energy balances of whole pulp and paper mills is
poorly available in public. In Europe, different reporting schemes are used. Energy balances
also depend to a certain extent on local conditions. Therefore the ranges of energy consumption
of pulp mills shown in Table 2.46 should only be taken as an indication about the approximate
need of process heat and power at energy efficient Kraft pulp mills. Further examples of energy
efficient Kraft pulp mills including the specific conditions might be possible to add in a
reviewed version of the BREF.

Type of mill Process heat Power consumption (net) in Remarks
consumption (net) in MWh/ADt
GJ/ADt
Non-integrated 10-14 GJ/ADt 0.6 - 0.8 MWh/ADt An integrated mill reported

uncoated fine paper

4.5 GJ per tonne of pumped
bleached pulp which is used in
the paper mill

pulp mill of 0.1 - 0.15 MWh per tonne
of pumped bleached pulp which is used
in the paper mill

bleached Kraft pulp | About 2-2.5 GJ/ADt can be Modern pulp mills are power self- 10 GI/ADT heat consump-
used for power generation sufficient tion in the pulp mill (pulp at
giving a heat surplus of 0.5-1.0 2.2% consist.) !
GJ/ADt.

Integrated bleached | 14 - 20 GJ/ADt ? 1.2 - 1.5 MWh/ADt The surplus of electricity,

Kraft pulp and There is a heat surplus of 4.0- There can be a surplus power from the if any, depends on if back-

pressure turbines are
installed

Integrated kraftliner, | 14.0 - 17.5 GJ/ADt 1.0-1.3 MWh/ADt

Unbleached There is a heat surplus of 1.5-2 There is a surplus power from the pulp
GJ per tonne of pumped mill of 0.15 - 0.2 MWh per tonne of
unbleached pulp which is used pumped unbleached pulp which is used
in the paper mill in the paper mill

Integrated 14.0 - 23 GJ/ADt 1.0 - 1.5 MWh/ADt

sackpaper,

Unbleached

Notes:

1) including activated sludge treatment
2) Paper drying is more energy consuming than pulp drying

The units can be converted from MWh to GJ according to ]| MWh =3.6 GJ and 1 GJ =0.277 MWh

Table 2.46: Energy consumption associated with the use of BAT for different types of production

per tonne of product

[Data from Jaakko Poyry, 1998, SEPA report 4712, Finnish BAT report, 1998, data from mill case

studies]
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Chemical usage

1. Availability of a database for all used chemicals and additives containing information on the
chemical composition of the substances, degradability, their toxicity for men and environment
and potential of bioaccumulation.

2. The principle of substitution is applied i.e. less hazardous products are used when available.
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2.5 Emerging Techniques

A number of new promising technologies are presently being developed that result in reduction
of emissions or energy savings. The improvements of environmental performance may not
always have been the main driving force, but plays an important role in the development. Some
of these techniques are described in the subsections below. This Chapter includes addressing
environmental issues that have only recently gained interest and research programmes related to
the development of environmentally improved solutions for the production of high-quality pulp
and paper products.

2.5.1 Gasification of Black Liquor

Description: Gasification is a suitable promising technique for pulp mills for the generation of
a surplus of electrical energy. Production of a combustible gas from various fuels (coal, wood
residues, black liquor) is possible through different gasification techniques. The principle of the
gasification of black liquor is to pyrolyse concentrated black liquor into an inorganic phase and
a gas phase through reactions with oxygen (air) at high temperatures. A number of gasification
processes for black liquor have been proposed. Conceptually, they fall into two categories. One
is low temperature gasification, where the gasifier operates below the melting point of the
inorganic salts (700-750 °C). Fluidised beds are suitable for a low temperature gasification
process, and are used in all of the low temperature processes under development. The other
category includes those processes which operate above the melting point and use a water quench
to cool and dissolve the molten sodium salts. One example of gasification processes is described
in this context:

Example: The Chemrec Process

At the Frovifors mill (Sweden), black liquor is taken from the evaporation plant in the pulp mill
and heated to 130 to 135°C using indirect steam. The black liquor is at approximately 65 % dry
solids content. The heated liquor then enters the first portion of the Chemrec process, which is a
gasifier.

CONC. BLACK LIQUOR

PRODUCT GAS

PLASMA
GENERATOR

EzLéP OWER —o- GASIFIER %
7] ves uauor
L T
docko] QuENCH
PP DISSOLVER
SCRUBBER
GREEN LIQUOR

Figure 2.13: The Chemrec process with a gasifier and a quench dissolver for green liquor
production and with a weak liquor gas scrubber for hydrogen sulphide absorption
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The black liquor is introduced in the gasifier, where it is atomised by high-pressure air (12 bar)
and sprayed into the upper part of the reactor. The main air flow needed for the process is
pressurised to 0.5 bar and preheated from 80 to 500 °C. The atmosphere in the chamber is
approximately 950 °C, and the atomised black liquor forms small droplets that are partially
combusted. The inorganic compounds in the black liquor are converted to small smelt droplets
of sodium sulphide and sodium carbonate, and this mist drops through the reactor and down to
the quench cooler, which is an integrated portion of the reactor unit. The organic compounds are
converted to a combustible gas containing carbon monoxide, methane and hydrogen.

The smelt droplets and combustible gas are separated when they are simultaneously brought
into direct contact with a cooling liquid in the quench cooler that drops the temperature to 95°C.
The smelt droplets dissolve in the weak wash to form a green liquor solution that is pumped to
the dissolving tank under the recovery boiler. Some weak green liquor is recirculated to the
quench. A screen is used ahead of the pump to catch small particles and undissolved smelt
droplets.

One of the most interesting opportunities with the black liquor gasification processes are to run
a gas turbine in combination with a steam turbine in a combined cycle as shown in Figure 2.14
and Figure 2.15. The difficulty to be overcome is primarily the cleanness of the gas to avoid
disturbances in the gas turbine.

Fluegas

Steam
Power
S,
1
1
1
1
'
|
Fuel o ' A
gl P Heat Sulphur Combined
. Gasification }—p -1 —
< Nitrogen Oxygen, recovery removal cycle
Air Air
—> .
separation Solids Sulphur

Figure 2.14: Integrated gasification with combined cycle (IGCC)
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with condensing Recycled
tail turbine condensate
Cooling water
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?Flue ases
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Figure 2.15: Combined cycle for power production by means of gas turbine and steam turbine with
condensing tail
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Status of development: The first demonstration plant of black liquor gasification using
Chemrec concept has been operated at Frovifors Mill in Sweden since 1991. A pressurised
demonstration gasifier of this type has also been in operation in Skoghall in Sweden. This type
of process is also applied commercially in the U.S.A. since 1997.

The Integrated Gasification with Combined Cycle Technology (IGCC) can only gradually be
introduced in the Paper Industry, mainly because of the life time of present recovery boiler.
Furthermore, the gasifiers will initially only be designed for smaller capacities than for a large
pulp mill. Before the year 2010, the IGCC technology is only expected to play a marginal role
in the overall kraft industry. It might be interesting for some mills where the recovery boiler is
the bottleneck in the production and an increase of the chemical recovery capacity would solve
these limitations.

Environmental implications: The possible advantages of black liquor gasifiers are:

* Increased electric power generation through the use of combined cycle (gas turbine plus
steam turbine). Theoretical balance calculations show that a black liquor based IGCC
concept may reach a power efficiency of about 30 % calculated on the heat value of the
black liquor. This may be compared with 12-13 % for the conventional recovery boiler.
However, at the same time the overall efficiency (power + steam) would decrease by about
5 % to about 75 %. Thus, the production of process steam decreases. In a situation with a
surplus of steam, this appears as an interesting option for an increased power production for
export.

* Low emissions to the atmosphere

* Enabling pulp mills restricted in capacity, because of recovery boiler limitations, to increase
production. The system is particularly beneficial in mills having a built-in but unused
pulping capacity, and where fibre line modifications add more dry solids to the recovery
system (e.g. low Kappa pulping, oxygen delignification, increased recycling of effluents
from bleaching system)

If the kraft industry should introduce the IGCC technology the industry should have the
potential of producing about 1700 kWh/ADt as compared with the present level of about
800 kWh/ADt. Thus the potential increase corresponds to about 900 kWh/ADt. At the same
time the heat generation would be reduced by about 4 GJ/ADt, which is more than a typical
surplus in a modern kraft mill.

Economic considerations: No data available

Literature: [SEPA-Report 4713-2,1997]

2.5.2 Use of SNCR on the recovery boiler
Description: The NOxOUT-process is one of several existing processes which are utilising the
principal of Selective Non Catalytic Reduction ("SNCR”) to cut down NO, emissions, which

means the thermal reduction of nitrogen oxides by ammonia to nitrogen according to the
following reaction equations:

2NO +2NH; + 3 O, — 2N,+ 3H,0
3NO, +4NH; - =N, + 6H,0

If urea is used the following primary net reaction occurs in which ammonia is formed:

(NH,),CO + H,O0 — 2NH;+ CO,
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The reducing agent in a full-scale test in Sweden was a chemically enhanced water-based
solution of urea. The process utilises the furnace as a 'chemical reactor' and does not require any
additional equipment downstream of the boiler. The reaction normally occurs within a narrow
temperature band around 1000 °C. When the temperature is too high more NO, is produced.
When the temperature is too low, ammonia is formed. In the NOxOUT process, the temperature
band is widened and chemical enhancers suppress the by-production of ammonia. Ammonia
(NHj3-slip) produced by unwanted side-reactions and consumption of chemicals are the major
parameters when optimising and running the NOxOUT process.

Status of development: A Swedish kraft pulp company commissioned a full-scale test of the
patented NOxOUT-process in one of its existing recovery boilers. During the test period, the
boiler operated between 95 and 105 % of maximum continuous rate. A number of injection
ports for reduction chemicals was installed at several levels. The project has shown that thermal
reduction of nitrogen oxides using the NOxOUT process can successfully be applied to recovery
boilers.

Environmental implications: Compared with other combustion processes the recovery boiler
shows low emissions of nitrogen oxides. Typical nitrogen oxide levels are found to be between
50 and 80 mg NOx/MI. Despite of relative low flue gas NOx concentrations the recovery boiler
is the largest source of NOx emissions in a kraft pulp mill (due to high gas flows). Thus, flue
gas treatment measures applied to the recovery boiler would give the greatest effect on the total
emissions. Furthermore, an increase of NOx emissions from modern, high efficiency recovery
boilers may be expected mainly caused by the demand for increased dry content of the black
liquor and higher furnace loads.

Analysis assuming a stochiometry of 1:1 indicates the following performance of the NOxOUT-
process:

« An average NOx level without NOxOUT of 80 mg/m’n (standardised m’, dry gas at 3% O,)
«  An average NOx level with NOxOUT of about 55 mg/m’n (about 30% reduction)
A slight increase of ammonia (slip) in the order of 3-4 mg/m’n (stochiometry 1:1)

Depending on stochiometry applied up to 50% NOx-reduction (stochiometry 2:1) is achievable
despite the low NOx level without treatment (but then linked to an increase of ammonia-slip).
No disturbances or other negative effects on the operation of the recovery boiler were observed
during the full-scale test runs. No negative effect in the chemical recovery cycle was observed.
The total operating costs is relatively low. The alteration required on the recovery boiler may be
done during a normal maintenance stop.

The use of urea in SNCR-processes can eventually cause corrosion problems due to the possible
formation of corrosive by-products. For security reasons it has therefore in Sweden been
recommended to avoid the use of urea-injection in recovery boilers. Because of that the Swedish
kraft Pulp Company has performed several new trials with the use of NH; (gaseous or liquid)
instead of urea resulting in NOx-reductions between 20 - 50 % (stochiometry from 1:1 to 2:1)
with varying NH;-slips. A NOx-reduction of about 30 % seems to be reachable with acceptable
low NHj3-slip. The company is planning a long-time trial before come to decision about a final
installation or not. The investment costs for installation at recovery boilers are today much
lower compared to the below figures and are estimated to be below 1 MEuros (with the use of
liquid NH3).

Economic considerations: The investment costs for a complete installation of the NOxOUT
process at a recovery boiler similar to that in the tested mill (black liquor load: 1600 t dry
solids/day) amount to about 2.2 - 2.8 MEuros. Operating costs for the system include chemical
supply (urea and enhancers), electricity, heat used to condensate injected water and labour. Of
these, the most influencing factor is the price of urea. It is difficult to give a meaningful estimate
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of the operating costs due to the variation in world-wide prices. However, during the test period
in Sweden the urea costs about 154 Euros/t, the total operating cost calculated for the given
recovery boiler was in the range of 1 to 1.4 Euros/kg reduced NOx.

Literature: [Lovblad, 1991]

2.5.3 Removal of chelating agents by modest alkaline biological
treatment or by use of kidneys

Description: The chelating agents ethylenediaminetetraacetic acid (EDTA) and
diethylenetriaminepentaacetic acid (DTPA) has been used for many years in the pulp and paper
industry. They are applied because of good sequestering properties, i.e. their ability to suppress
the activity of the dissolved transition metal ions without precipitation (in the following the
shortage "Q" will be used for both of them). These metal ions are able to catalyse the
decomposition of the bleaching agent hydrogen peroxide into radicals. Totally chlorine free
(TCF) bleaching is currently only possible by treating the pulp with Q before the hydrogen
peroxide stage. Increased concentrations of Q are therefore found in wastewaters generated
from the production of TCF pulps. In wastewater analyses of a TCF mill producing market kraft
pulp 25-40% of charged Q has been identified. This corresponds to Q contents of 10 and 15 mg
Q/1 in the effluent at a charge of 2 kg Q per tonne of pulp. Although EDTA is non-toxic to
mammals at environmental concentrations, there is some concern about the potential of EDTA
to remobilize toxic heavy metals out of sediments and the difficulties to biodegrade this
substance. In the following only experiences from the use and fate of EDTA are discussed.

Option 1: Biological treatment with and without activated sludge systems commonly used in
the pulp and paper industry is successful in reducing COD and BOD of the effluents. However,
the system can not significantly reduce EDTA of the mill effluent. It has been found that EDTA
is resistant to aerobic biodegradation in the activated sludge plant operated under "normal"
conditions (pH 7). Furthermore, EDTA does not adsorb onto sludge so that EDTA passes
through treatment plants without notable degradation. A recent study [Virtapohja, 1997]
investigated the biodegradation of EDTA in a full-scale activated sludge plant under modest
alkaline conditions (pH 8 - 9). An average EDTA reduction of about 50% (about 10% at pH 7)
was obtained.

Option 2: Another technical option to reduce the consumption and discharge of Q used before
the peroxide stages in TCF mills is the use of kidneys. One Swedish pulp mill will put in
operation a kidney for recovery of EDTA from Q-stage effluents at the end of 1998. There, it is
expected that the consumption of EDTA can be reduced by 65% with TCF. In the given
Swedish kraft pulp mill it is planned to apply the Kemira NetFloc system which has been
demonstrated to be a very efficient tool to remove problematic substances like extractives and
metals from pulp and paper filtrates.

In the Netfloc system [Rampotas, 1996] the pH is increased and carbonate dosed for
precipitation. Metals bound to EDTA (or DTPA) are released and precipitated. A high
molecular weight polyethylene oxide (PEO) for flocculation is added to the selected filtrate. In
the actual application, a water solution of the PEO is made in a polymer preparation unit and the
PEO solution is dosed into a filtrate pipe. The flocculation reaction between PEO and
extractives is fast and it is completed before the filtrate leaves the pipe. It has been discovered
recently that the PEO-resin flocs collect any undissolved substances in the filtrate. This means
that precipitated metal salts (e.g. hydroxides, sulphates) will end up in the resin sludge. The
final operation includes separation of resin sludge from the filtrate, which is usually be done by
mechanical means as e.g. a flotation unit. The treated filtrate with the recovered Q is reused in
the process and the resin sludge may be either pumped to the green liquor sludge filter or burned
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in the bark boiler directly or after de-watering in a press. The principle of application this
kidney is shown in Figure 2.16.

Fresh Q Acid
- q i T puln
S Q-stage |- Washing 50
Clear- i
Filtrate Chemicals Q-stage filtrate
with Q l gl
Kidney Filtrate

Q-recovery <
Metal removal

l

Sludge

tank

Figure 2.16: Recovery of chelating agents in bleach plant filtrates by use of a kidney

By reducing the amount of metals entering the bleach plant, a smaller charge of chelating agents
is needed prior to the peroxide stage. Additionally the recovery of Q itself reduces the
consumption needed. Expected reduction rates are over 80% for calcium, manganese and iron.
The recovery of Q results in a lower charge of fresh Q. Thus, lower levels of metal complexes
will be found in the effluent.

Status of development: The biodegradation of EDTA in activated sludge plants under alkaline
condition looks promising. The treatability of EDTA containing wastewaters from bleaching
plants in activated sludge plants under moderate alkaline conditions has been confirmed by
investigations both in laboratory-scale experiments [C.G. van Ginkel, 1997 a+b] and full-scale
activated sludge plants. Detailed information about EDTA complexes and the influence of
sludge retention time, temperature etc. is probably required in order to improve the assessment
of EDTA removal from paper mill wastewater (Fe(II)EDTA complexes are well-known as
recalcitrant, Mn and Ca salts of EDTA are more readily biodegradable). A low sludge retention
time and the Fe(IIHEDTA complex may account for only partial removal. On the other hand,
photodegradation of the FEEDTA complex has been reported [Kari, 1996] i.e. FEEDTA is the
only EDTA complex that may be photochemically transformed in surface waters. In
continuously sunny areas FeEEDTA will probably degraded in the effluent receiving waters.

Recently, the first full-scale application of the Kemira NetFloc system for recovery of EDTA
from bleach plant effluents has been put into operation. Operational experiences are not
available.

Environmental implications: In a full-scale activated sludge plant under modest alkaline
conditions (pH 8 - 9) an average EDTA reduction of about 50% (about 10% at pH 7) was
obtained. The results also indicated that the pH adjustment to 8 - 9 with calcium oxide (dosage
about 90 mg CaO/1) did not interfere with the normal operation of the activated sludge plant.
Concentrations of EDTA in the samples with accelerated biodegradation remained relatively
constant (2 - 4 ppm).
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Biodegradation of EDTA increases the release of nitrogen. Enhanced degradation of EDTA in
activated sludge plants is therefore of clear benefit, not only for environmental reasons but also
as a means to increase the level of nutrient nitrogen, which usually is deficient in wastewaters
from pulp and paper mills.

Economic considerations: Additional costs for the biodegradation of EDTA in activated sludge
plants under alkaline conditions are primarily caused by the CaO consumption.

For the application of the Kemira NetFloc system no data on economics are available.

Literature:
[Virtapohja, 1997], [Rampotas, 1996], [van Ginkel, 1997a], [van Ginkel, 1997b], [Kari, 1996]

2.5.4 Increased system closure combined with the use of kidneys

Description: Since it is mainly the bleach plant which constitutes the open part of the mill,
efforts have been made to minimise the amount of lignin that goes to the final bleaching. The
integration of filtrates to the recovery systems remains a problem area. The filtrates have to be
recycled within the bleach plant in order to reduce the filtrate volume. This leads to an
accumulation of dissolved substances and non-process elements (NPE) in the bleaching stages
with associated problems like high chemical consumption and deposition of solids. Kidneys for
purging the system of such substances are still needed, both in the bleach plant and in the
chemical recovery.

In an ongoing project of the European Commission [Tomani, 1997] it is the intention to
continue the research into different possibilities of reusing bleach plant filtrates. With reference
to Figure 2.17 the following items will be investigated.

. Cond.
“— Chemical Recovery
3a.
i l l T P - stage filtrate
Cooking and
T 02 - s%[]age Bleachplant ——

Q-orD - stage J P - stage filtrate
filtrates

Figure 2.17: Kidneys under development in a current EU-project on separation methods for closed
loop technology in bleached kraft pulp production

1. The re-use of condensates from black liquor evaporation either as wash water in bleaching
or as other process water. It is essential that this condensate is utilised if low water usage is
to be achieved. A major problem is to eliminate the odour due to minor impurities.
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2. Acid (Q- or D-stage filtrates) and neutral bleach plant filtrates are the main sources of non-
process elements (NPEs) such as Al, Si, P, Ca, Ba, Mn etc. which have to be purged. The
objective is to develop a crystallisation/precipitation step together with a separate
evaporation unit and to determine the best use of reclaimed water

3. Concerning alkaline filtrates, the objective is
3a. to develop suitable mineral membranes for nanofiltration that can be used to reduce the
amounts of both organic and inorganic substances from hydrogen peroxide bleaching stage.
It is also intended
3b. to look into the possibility of combining membrane filtration with biodegradation for
the destruction of organic compounds

Finally, process simulation techniques will be used to determine the consequences for the water,
chemical and in some respects also the energy balances, when the proposed separation methods
are integrated into the process. The risk for deposits will also be assessed.

A recently started Swedish comprehensive research project "The potential of pulp and paper
production as an energy-producing and truly ecocyclic process" (short name: "The ecocyclic
pulp mill") [Ecocyclic pulp mill, 1999] is aiming at a proposal for environmentally optimal
basic solutions for the increased closure of kraft pulping processes, making possible efficient
usage of the energy potential of biomass. The reasons for closing the liquid flows in the pulp
and paper mill is not to create a 'completely closed' mill, but rather

*  To virtually eliminate the discharges of organic and inorganic material to water
» To facilitate the separation of non-process elements from recirculating streams
*  To minimise the dilution of energy released within the system

The main idea of the project is to reduce the heat losses that can theoretically be converted into
useful energy. Although it is now possible for a modern bleached kraft pulp mill to be totally
independent of external energy sources large amounts of low grade heat still leave the system
through emissions and discharges to air and water. The conversion of this low grade heat offers
huge future energy potential and is the focus of this program. Increased closure and
pressurisation would facilitate the energy generation of a sufficiently high quality for external
use. Then, it may be possible to turn the kraft mill into an important net energy supplier.
Several opportunities for converting waste heat into useful energy exist, including lower water
usage. For example, a reduction in water consumption by closure from 40 m® per tonne of pulp
to less than 10 m’ per tonne of pulp would theoretically release approximately 15 GJ per tonne
of pulp for external use. It should be pointed out that there is currently no technology available
that could facilitate the utilisation of more than a fraction of this potential. Today, when the
aqueous discharges from pulp are lowered, excess heat has to be removed through cooling
towers, as no other economic alternatives are available. The challenge is to upgrade waste heat
to a valuable resource.

The research program comprises among others projects on "process chemistry" and "separation
processes". This projects focus on the way in which substances which disrupt the process and
which are concentrated in the event of greater closure, should be handled to avoid problems
such as scaling, chemical decomposition, increased energy consumption and poorer product
quality. The use of kidneys for the removal of these process substances is therefore of great
interest. Membrane techniques are displaying promising potential for separating harmful
organic and inorganic substances from process streams, thus facilitating increased system
closure. Membrane technology may therefore play a key role in a future system. Another
possibility may be to remove non-process elements before the digester.

According to other results obtained of the work carried out so far one good example of more
efficient energy use is pre-evaporation of bleach plant filtrates, where the heat is taken from
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waste heat from black liquor evaporation. Pre-evaporation of bleach plant filtrates may be
combined with membrane separation, resulting in less energy demand.

Pressurised black liquor gasification (see Section 2.5.1) has the potential to increase electricity
production by about 100% compared to conventional recovery boiler. However, the gasification
process would be less complicated and less capital demanding if the cooking process was
carried out without the use of sulphur. Sulphur-free cooking is therefore an interesting area for
the future.

Status of development: There are various research projects investigating different aspects of
the closed cycle mill concept.

In the concept towards a closed cycle mill for bleached pulp, areas can be found where new
technology has been introduced which facilitates this goal, but also areas where more
development is needed. Total system closure during pulp production - that theoretically enables
the realisation of an effluent-free pulp mill - is not yet possible because the non-process
elements which enter the process mostly with the wood, but also with the chemicals and the
process water, accumulate in the process and must be purged out of the system.

Environmental implications: The developments towards closed cycle mills are aiming at
eliminating virtually the discharges of organic and inorganic material to water and to minimise
the dilution of energy released within the system.

Economic considerations: No data available

Literature:
[Tomani, 1997], [Ecocyclic pulp mill, 1999]

2.5.5 Organosolv pulping

Description: Within the last decade many research efforts aimed at the development of new
pulping processes. There are several unconventional cooking procedures under development,
which show considerable promise. The main objectives of these new processes are:

1. Reduced pollution (low water consumption, TCF-pulp, sulphur free)
Simpler cooking process and far-reaching closed up recovery of cooking chemicals

3. Improved use of the raw material wood (high yield, alternative use of wood components
etc.)

4. Application to all wood species and achieving good pulp properties

5. Lower investment costs

The new pulping processes are based on organic solvents (Organosolv pulping). For some of
these processes it can be expected that the gaseous emissions of sulphur dioxide and odorous
compounds are reduced because of the use of sulphur-free technology. All new pulping
processes intend to achieve a closed mill by direct recovery of the solvent after the cooking step
by distillation and burning of the dissolved wood components or its alternative use as chemical
feedstock for different products. Such a concept intends to solve the ecological problems of
actual pulping processes as well as improves the economy of pulping.

In Table 2.47 those new pulping processes under development are selected which show a certain
potential for industrial application and which have reached at least pilot plant scale [Ministry of
Food, Agriculture and Forestry, 1997]. The systems are compared in some different respects.
Main process parameters and expected environmental impacts of the Organosolv processes are
compiled. For comparison the tables include also some data on modified kraft pulping.
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Pulping Raw Cooking Cooking process | Kappa before
process materials chemicals parameters bleaching
ASAM Softwood Sodium sulphite 175-185°C 13-20
Hardwood (alkaline) 11 - 14 bar
Annual plants alcohol
FORMACELL Softwood Acetic acid 160 - 180°C 2-10
Hardwood Formic acid
Annual plants
MILOX Hardwood Formic acid 60 - 80/ 30-35
Annual plants Hydrogen peroxide 90 - 110°C
Modified. Softwood Sodium hydroxide 155-175°C 10-20
SULPHATE Hardwood Sodium sulphide 8 bar
Annual plants

Table 2.47: Comparison of Organosolv pulping processes with modified kraft pulping
Raw materials, cooking chemicals and conditions, achievable kappa after cooking [Ministry of
Food, Agriculture and Forestry, 1997]

The new pulping processes can be classified in organic acid based, alcohol/water based and
mixed processes which are using inorganic and organic pulping chemicals.

Status of development: A recently published study on market chances of different Organosolv
pulping processes in Germany [Ministry of Food, Agriculture and Forestry, 1997] concluded
that ASAM and Milox process is ripe for production but this is not confirmed on full-scale
experiences till now. Formacell has not yet reached the stage that a full-scale mill could be built.

Since none of the proposed Organosolv processes has been implemented successfully in full
scale (a full-scale Organocell plant in Kehlheim, Germany, had to be shut down after arising
problems could not be solved) it is too early to make a conclusive judgement on the alternatives.

Environmental implications: For the new pulping processes information on the environmental
impact is fragmentary and is mainly derived from pilot-scale. Whether the advantages can all be
achieved in full-scale plants is to a certain extent doubtful or at least not proven.

Economic considerations: In Organosolv pulping, much more costly organic solvents replace
water. In most processes the liquor ratio is increased and in addition the solvents are used in
pulp washing. The economy of these processes depends largely on the recovery rate of the
solvent, which should exceed 99 %. A requirement, which in the development of many
processes has been underestimated, is the availability of reliable and proven technology. Pulp
mills are highly capital intensive and the risk of a new process implementation has to be
minimised.

Literature: [Ministry of Food, Agriculture and Forestry, 1997], [ Young, 1998]
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3 THE SULPHITE PULPING PROCESS

The production of sulphite pulps is much smaller than the production of kraft pulps and sulphite
pulps are more used in special purposes in papermaking rather than being an alternative market
pulp grade for kraft pulps. Very little unbleached sulphite pulp is made and the yield is a little
higher which can be attributed to the lower pH in the cooking.

The main reasons of more limited applicability of sulphite pulps are as follows:

- it is not possible to use pine as raw material in the acid cooking process which limits the raw
material base of sulphite pulping

- the strength properties of the pulps as measured by the papermaker are generally not as good as
those of kraft pulp, although for some speciality pulps these properties may be equally good or
even better

- environmental problems have in many cases been more expensive to solve and this has
decreased the cost-competitivity compared to the kraft pulping (e.g. pH-regulation of
evaporation condensates, minimisation of sulphur emissions and removal of organic
compounds).

The sulphite process is characterised by its high flexibility compared to the kraft process, which
is a very uniform method, which can be carried out only with highly alkaline cooking liquor. In
principle, the entire pH range can be used for sulphite pulping by changing the dosage and
composition of the chemicals. Thus, the use of sulphite pulping permits the production of many
different types and qualities of pulps for a broad range of applications. The sulphite process can
be distinguished according to the pH adjusted into different types of pulping the main of which
realised in Europe are compiled in Table 3.1.

Process pH Base Active Cooking Pulp Applications
reagent temperature °C yield %

Acid 1-2 Ca”™, SO,*H,0, 125-143 40-50 Dissolving pulp,

(bi)sulphite Mg®*, Na® | H, HSOy tissue, printing
paper, special
paper

Bisulphite 3-5 | Mg”,Na" | HSO;,H" 150-170 50-65 | printing paper,

(Magnefite) tissue

Neutral 5-7 | Na’,NH," | HSOs, 160-180 75-90 | Corrugated

sulphite SO32’ medium, semi-

(NSSC)? chemical pulp

Alkaline 9-13.5 | Na' SOs>, OH 160-180 45-60 Kraft-type pulp

sulphite

Table 3.1: Main sulphite pulping processes in Europe
According to [Uhlmann, 1991]

The sulphite cooking process is based on the use of aqueous sulphur dioxide (SO,) and a base -
calcium, sodium, magnesium or ammonium. The specific base used will impact upon the
options available within the process in respect of chemical and energy recovery system and
water use. Today, the use of the relatively cheap calcium base is outdated because the cooking
chemicals cannot be recovered. In Europe there is still one mill (FR) using ammonium as a
base. The dominating sulphite pulping process in Europe is the magnesium sulphite pulping

Neutral Sulphite Semi Chemical (NSSC) is the most common type of semichemical pulp which is produced by a combination
of chemical and mechanical pulping. Wood can be used without prior debarking. In the process wood chips are partially
digested to weaken the bonds between fibres and lignin. The chips are then mechanically treated in a refiner. Some stand alone
plants in Europe have no recovery of chemicals while some mills practice "cross-recovery" in which spent liquor is burnt in an
adjacent Kraft pulp mill recovery boiler.
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with some mills using sodium as base. Both magnesium and sodium bases allow chemical
recovery. The lignosulphonates generated in the cooking liquour can be used as a raw material
for producing different chemical products. Because of its importance in terms of capacity and
numbers of mills running in Europe in the following the focus is on magnesium sulphite pulping.

3.1 Applied processes and techniques

Sulphite pulping consists of three main entities: the fibre line, recovery of chemicals and energy
(excluding calcium sulphite pulping where recovery is not possible but where the spent cooking
liquor can be evaporated and the components used for other purposes) and external wastewater
treatment. As in kraft pulping some auxiliary systems like reject handling, manufacturing of
bleaching chemicals and auxiliary power generation are connected to the main departments.

In many respects the kraft and sulphite processes have similarities not least regarding the
possibilities of taking different internal and external measures to reduce emissions to environment.
Due to this number of similarities only some process steps of sulphite pulping technology are
discussed in detail. For process steps of which the principals are same or which are even identical to
kraft pulping it is referred to the corresponding paragraphs. This is true for

- Wood handling (see Section 2.1.1 to - 2.1.3)
- Washing and screening (Section 2.1.5)

- Bleached stock screening (Section 2.1.8)

- Drying (Section 2.1.9, only for market pulp).

For these chapters only some remarks are given to what extent sulphite pulping differs from the
situation described for kraft pulping. Apart from that, we focus on differences between kraft and
sulphite pulping and on magnesium sulphite pulping as this is the main sulphite process currently
practising within Europe.

The major differences between the two chemical pulping processes from an environmental point-
of-view are to be found in the chemistry of the cooking process, the chemical recovery system and
less bleaching sequences required because of better initial brightness of sulphite pulp.
Furthermore, the sulphite process does enjoy less of an inherent odour problem compared to the
kraft process, which tends to be surrounded by unpleasant odours in the neighbourhood of the
mill. These differences result in different emission ranges and some differences concerning the
abatement techniques applied.

The main unit processes of manufacturing of magnesium sulphite pulp are shown in Figure 3.1.

BLEACHING
CHEMICALS

Wood
Pulp
| 00D k| coOKING | | WASHING ANDE—— | o OXiSeamon || BLEACHING}— | DRvING |

HANDLIND

SULPHUR COOKING

DIOXIDE RECOVERY

_ LIQUOR “— BOILER <«—— EVAPORATION
PREPARATION

Figure 3.1: Main unit processes of manufacturing of magnesium sulphite pulp
[CEPI, 1997b]

A sulphite pulp mill includes usually the production unit's wood room, digester house, wash
room, screening room and bleach plant. Raw-water treatment, bleaching chemicals preparation,
drying machine (optional), recovery system and a boiler house.
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3.1.1 Woodhandling

The wood raw material consists usually of roundwood and sawmill chips. Debarking is needed
when wood is delivered to the mill as unbarked roundwood. A certain amount of wood can be
delivered as woodchips from sawmills. In debarking of pulpwood debarking takes place in drums
where the contact between rolling logs and water debarks them. After debarking wood chips are
produced from roundwood logs and they are screened and stored in big chip piles prior to feeding
in the next process stage. Sawmill and other off-site chips require only screening and storage in the
woodhandling.

Bark and screening rejects from chipping and chip screening are excess solid wastes generated in
this process stage. Most of them are usually collected, dewatered and incinerated for energy
recovery in a special bark and wood waste boiler (see 4.3.11).

3.1.2 Cooking and delignification of unbleached pulp

In the manufacturing of conventional unbleached pulp the lignin is extracted from the wood using a
concentrated cooking liquor with magnesium sulphite and magnesium bisulphite as active
constituents. In the cooking stage the wood chips and the liquors are charged into a batch digester
where the cook is carried out in elevated temperature and pressure. When a desired residual lignin
content (measured as kappa number) is reached, the contents are discharged to a blow tank and the
cooking cycle is repeated. Batch digester plant consists of a series of batch pressure vessels, which
are operated according to a certain cooking program. Cooking can also be carried out in a
continuous digester, but this has been practised with sulphite pulping much less than with kraft
pulping (the principles are same and it is referred to the Section 2.1.4). In the magnefite process
(see 3.1.7) the delignification of softwood (spruce) can be brought down to a kappa number of 21-
23 in order to maintain acceptable pulp strength properties. In acid sulphite cooking common kappa
numbers are between 14-22 for softwood and 10-20 for hardwood. The kappa number and can be
further decreased before bleaching by an oxygen stage. Two stage sulphite cooking can bring
the kappa number down to less than 10. Cooking can be extended further to produce a speciality
pulp for dissolving uses but at the expense of yield.

From the digesters, the pulp is blown to blow tanks. From these tanks, the pulp is then pumped
to the wash room.

3.1.3 Screening and washing of unbleached pulp

After the cooking the pulp is washed in drum washers or screw presses and screened with pressure
screens and centricleaners. The objective of screening is to separate knots and fibre bundles from
the main pulp stream with a series of vibrating equipment, filtration through pressure screens and
centrifugal separation of fibres and other particles with different specific weights (see 2.1.5). The
cooking liquor with its content of dissolved wood substance is separated from the pulp, and so-
called spent liquor or weak liquor is obtained. Coarse reject and other reject from the screening
are normally dewatered and burned in the boiler house. After screening, the pulp is bleached.

3.1.4 Oxygen delignification/bleaching

The distinction made here between delignification and bleaching is that effluents from a bleaching
stage cannot be recirculated into the chemicals recovery system, whereas from delignification this
is possible. Consequently oxygen can be used as delignification and bleaching chemical in the same
mill.
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Oxygen delignification for sulphite pulping is more rare than in kraft pulping where it is widely
and increasingly used. However, there are a number of sulphite mills in Europe using this
technique for further delignification thereby reducing the kappa number by about 10 units. This
is mainly due to the fact that also without oxygen delignification only a short bleaching
sequence is necessary to achieve full brightness of pulps. Furthermore for oxygen
delignification a pressurised process is necessary and a base is needed to increase pH up to
alkaline conditions. The chemical base used has to be compatible with the cooking chemicals
i.e. for magnesium bisulphite MgO has to be used. Only in that case the organic material that is
dissolved during oxygen delignification can be recovered and led to the chemical recovery
system without major changes in the process. One mill in Germany has applied this technique
thereby loosing some points of brightness.

It has however been shown to be possible to concentrate the effluent with ultra-filtration and
burn the concentrate in the bark boiler. Measured as COD the reduction is about 50% of the
discharges of organic substances from the oxygen stage.
Finally most sulphite pulp mills are producing TCF pulp.

3.1.5 Bleaching, screening and drying

Bleaching at sulphite pulp mills within Europe is carried out without the use of molecular
chlorine and in many sulphite pulp mills chlorine dioxide is no longer used neither as bleaching
chemical i.e. pulp manufactured is thus TCF-pulp (Totally Chlorine Free). Usually oxygen,
sodium hydroxide and hydrogen peroxide are used as bleaching chemicals. EDTA is added as
complex former (0.5 — 2 kg/t). The bleaching chemicals used are usually bought from external
producers.

The bleaching of pulp increases primarily the brightness of pulp and secondarily it also removes
non-fibrous particles and extractives from the pulp. Like in kraft pulping bleaching of sulphite pulp
is based on lignin removing methods and it can be considered as continued and selective lignin
removal stage.

The lignin removal by bleaching is carried out in a sequence of one or two bleaching stages where
oxygen and peroxide is added. In a two stage bleaching sequence in the first place the pulp is
heated up to 60-80°C and sodium hydroxide, oxygen and/or peroxide is added. The first bleaching
stage reduces the residual lignin by 45-55%. The bleached pulp is then pumped to washing
filters and sometimes lead to a twin wire press in order to reduce the carry-over of undesirable
substances from the first bleaching stage and to further de-water the pulp. In several European
sulphite mills (Ahlfeld, Ehingen, Stockstadt, DE; Gratkorn, AU) the second peroxide bleaching
stage (EP) is carried out as high consistency bleaching (symbolic shorthand: EP(HC) = 35 —
40% DS). Advantages of HC bleaching are energy (steam) savings by high pulp density, lower
COD emissions by soft bleaching conditions, low pulp losses in the bleaching stage and less
consumption of bleaching chemicals. After the second bleaching stage the pulp is diluted with
water and another washing takes place. In the sulphite process, the specific process heat and
power demand for TCF bleaching are lower than those needed for ECF bleaching.

Major bleaching sequences applied in European sulphite pulp mills are compiled in Table 3.2.
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Cooking techniques | kappa | Bleaching sequences COD Example mills
[kg/t]

Magnefite process 21-23 EOP-Q-EP-EP (HC) 90-115 Gratkorn, AU

Magnefite process 21-23 EOP-Q-EP-EP 100-120 Mill 2, SE

Sulphite process 14-16 EOP-EP (HC) 50-60 Mill 3, DE

Sulphite process 12-15 EOP-Q-EP (HC) 45-60 Mill4, DE

Sulphite process 11-13 EOP-Q-EP-EP 35-45 Mill 5, AU

Notes:

1) The data are derived from personel communication. It can not be guaranteed that they are all reflecting

the last developments.

Table 3.2: Examples for different sequences for bleaching used in European sulphite pulp mills and
the corresponding discharge of organic substances from the bleach plant measured as COD

After bleaching there is generally a final screening of pulp and the reject is burned in the boiler
house. The pulp to be sold externally (if the pulp is not used for manufacturing of paper at the
same mill site) is dried and the remaining pulp is pumped to the paper mill for the manufacture
of different paper grades (fine paper, tissue etc.) paper. Sulphite pulp mills are mainly integrated
mills manufacturing paper at the same site.

3.1.6 Chemicals and Energy Recovery System

The cooking chemical recovery includes evaporation of the spent liquor to concentrated liquor,
combustion of the concentrated liquor and preparation of new cooking acid from recovered
chemicals. The degree of liquor recovery is at least 97%.

The recovery of chemicals of the unit processes for unbleached pulp consists typically of the

following major principles:

»  Counter current washing and evaporation of weak cooking liquor

» Incineration of the concentrated liquors (bio-fuel) in a recovery boiler where substantial
amount of energy can be produced for steam and power generation of the pulp mill.

* During the combustion, solid magnesium oxide (ash) and gaseous sulphur dioxide are
formed. The magnesium oxide is separated from the flue gases in electrofilters and
converted to magnesium hydroxide by dissolving in water.

»  This slurry is used to absorb the sulphur dioxide and trioxide from the flue gases from the
recovery boiler and the collected gases from digesters, washers and evaporators by use of
multi-stage venturi scrubbers. The liquid from the flue gas purification is clarified
(sedimentation or filtration) and reinforced with sulphur dioxide from either combustion of
elemental sulphur in a sulphur burner or addition of liquid sulphur dioxide. The freshly
formed cooking acid (magnesium bisulphite) is pumped into the digester house after
separation of soot particles and other undissolved impurities.

An overview of the circuits of chemicals is presented in Figure 3.2 [BMU Austria, 1995]
illustrating the main process steps and their functions.

Pulp and Paper Industry 127



Chapter 3

Wood chips
Cooking plant Pulp,black
liq:_lor Washer
Magliiesmm bas/ a Weak black liquor
quor
Pulp Condensate
Fresh S0, —— Build up . — Acetic Acid
2 50, Evaporation Furfural
plant ) Methanol
Magnesiumbisulfite Chemical Recovery System
Mg (HS0,),
Oll-gas S0,
Absorption
P Recovery Boiler Concentrated
black liquor
Magnesiumhydroxide
Mg (OH),
Dissolving — Steam
t 4 — Flectricity
Ash MgO
Water Magnesiumoxide
MgO

Figure 3.2: Recovery cycles for a sulphite mill

Magnesium based mills have difficulty in recycling water from associated stages where sodium
hydroxide is used to control the pH. A key issue for sulphite mills is the separation of effluents
containing different chemical bases. For instance, sodium hydroxide may be needed to achieve
the required pH conditions in some brightening stages and measures. In that case it is not
possible to lead the bleach plant effluents back to the recovery island because sodium has to be
prevented from contaminating a magnesium based cooking process.

Besides the recovery of cooking chemicals the recovery boiler(s) produce steam. Often sulphite
pulp mills operate auxiliary boilers burning bark, oil or other fuels. In these boilers, knots,
rejects and sludge from the effluent purification may also be burned. The steam from the boilers
is lead to counter-pressure turbines where electrical power is produced.

3.1.7 Magnefite process

The magnefite process is using a higher pH range, pH 3 — 5, than the acid sulphite process that
is operated at a pH value of 1 — 2. This result in softer cooking conditions with increased pulp
strength properties and slightly higher yield compared to the acid sulphite process. In Europe,
for both process the predominantly base that is used is magnesium. There are two major
technical differences to consider. In the magnefite process in the white liquor preparation a pH
value of 4 can be achieved without SO,-reinforcement measures. The operation of a pressure
storage tank for sulphur dioxid is therefore not necessary. The SO, in the white liquor occurs in
the bisulphite form. Then the other steps of pulp production are similar to the acid sulphite
process. The kappa numbers of unbleached pulp after magnefite cooking are higher than after
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acid cooking. With the magnefite process kappa numbers from 21 to 26 for paper pulp are
achievable. Against that kappa numbers of 12 to 16 can be reached with the acid sulphite
process (e.g. Hallein and Neusiedler, AU; Ahlfeld, Stockstadt and Ehingen, DE). As a
consequence, the pulp bleachability of magnefite pulp is not as good as with acid sulphite pulp.
Longer bleaching sequences are therefore necessary in order to achieve high brightness. This
causes slightly higher loads of COD and BOD in the effluents from the bleaching stages. The
magnefite process is operated in four paper pulp mills in Europe (Nymolla and Utansjo, SE;
until 1999 Hundsfos, NO; Gratkorn, AU).

3.1.8 Neutral Sulphite Semi-Chemical Pulp

The most common type of semi-chemical pulp is the Neutral-Sulphite Semi Chemical (NSSC)
pulp. The process is a combination of chemical and mechanical pulping and has a high yield.
The pulp is mainly used to produce fluting, the inner part of corrugated board. The yield is
about 80% for fluting. Wood can be used without prior debarking. In the process wood chips are
partially digested to weaken the bonds between fibres. The chips are then mechanically treated
in a refiner. Some of the stand alone plants have no chemical recovery. Cross recovery is used
by very few mills in Europe.

3.1.9 Dissolving Sulphite Pulp

In Europe, there are very few companies manufacturing dissolving sulphite pulp. In principle,
the process is very similar to the manufacturing of sulphite pulp used for paper manufacturing.
The same chemicals are used as in the common magnesium-bisulfite process. Therefore, the
chemicals and energy recovery system is very similar. The major differences can be found in
cooking and bleaching. The aim of cooking in dissolving sulphite pulp manufacturing is to
achieve a low viscosity i.e. a low length of the molecule chain of the cellulose. This is adjusted
in the cooking plant. The similarities and differences are discussed in the following by use of an
example.

In one of the European dissolving sulphite pulp mills (Austria, manufacturing of viscose fibres)
the delignification of hardwood (beech) is brought down to a kappa number of 4 — 7 before
bleaching. There are no effluents before the pulp enters the bleach plant. The bleaching
sequence of the plant is carried out in three stages: OPE — Z — P (TCF bleaching).

In the first bleaching stage consisting of oxygen and peroxide delignification and alkaline
extraction the kappa number is decreased to 2 and a d-cellulose content of 91% is achieved.
Around 50 kg NaOH/t of pulp (oven dry) is used. The releases of this bleaching stage (COD
load ca. 85 kg/t) are treated in an evaporation plant. The concentrates are incinerated in a so-
called soda boiler. This eliminates the bulk of the pollution load from the bleach plant.

The second bleaching stage is using ozone as bleaching agent. The last bleaching stage is using
peroxide which brings the kappa down to 0,5 (>90% ISO, a-cellulose content > 91%). The
COD load from the second and third bleaching stage is 15 kg COD/t before treatment and is
purified in a biological wastewater treatment (reduction rate > 90%).

Besides the bleach plant, the major source of water pollution is the condensates from the
evaporation plant. The pulp mill of our example is extracting acetic acid and furfural as valuable
products from the evaporator condensates thus reducing the COD load of the condendates by
75%. The remaining pollution load is 30 kg COD/t which is treated in the biological wastewater
treatment (reduction rate > 90%) together with the other partial wastewater streams.

The initial pollution load of the wastewater from dissolving sulphite pulp mills depends on the
amount of so-called a-cellulose to be achieved and on the applied internal measures for
reduction of emissions. Higher a-cellulose content corresponds to higher product qualities.
Higher a-cellulose content of the pulp means a higher dosage of NaOH. This result in lower
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yields and higher pollution loads in water. For instance, the use of 90-100 kg NaOH/t of pulp to
produce pulp with a-cellulose content of 92.5% would double the organic load in the effluents
as mentioned above (and reduce the yield by 5%).

The manufacturing of dissolving sulphite pulp is a combination of delignification and finishing.
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3.2 Present Consumption/Emission Level

3.2.1 Overview of input/ouput

An overview of the raw material and energy input as well as the output of products, by-products
and the major releases (emissions, waste etc.) of the production of sulphite pulp is presented in

Figure 3.3.

Raw materials
—wood logs
—woods chips

— saw mill residues

Energy I—
Water 1—

—electricity from the grid
(usually self-sufficient)
—oil, gas, coal, lignite

—bark, wood waste

cooling water
—process water
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05 MgO, S

to airand
water

Waste heat

. m—
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A
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: : - * —pumped pulp to
Bleaching | Pulp drying Chemical and energy paper mill
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- chlorinated organics (AOX), chlorate
- nitrogen, phosphorus
- suspended solids
- metals, salts
- coloured substances

— boiler ashes and slags
—sludge from acid clarifiers
wood and bark waste
rejects from screening
primary and biosludge
— cleaning and mixed household type waste
—others
— small amounts of hazardous waste

Figure 3.3: Mass stream overview of a sulphite pulp mill
The presence of some substances depend on the way of delignification and bleaching

The subsequent sections present specific consumption data, as well as specific emission data for
individual operational steps associated with sulphite pulp manufacturing.

Using the mass stream overview, specific raw material consumption and specific emission per
tonne of product can be calculated.
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Table 3.3 shows yearly averages from six sulphite pulp mills in Germany. The data represent
therefore not the whole range of emission levels. However, the can give an overview over the
consumption and emission levels of present sulphite mills.

Input QOutput
Raw materials Value Unit Product Value Unit
Wood (oven dry) 2 t/ADt Bleached pulp 1 ADt
SO, as S 32 kg/ADt
MgO 24 kg/ADt | Emissions
NaOH 27 kg/ADt | CO, No data kg/ADt
0, 13 kg/ADt | CO,, regencrative No data kg/ADt
H,0, 26 kg/ADt | NOx 24 kg/ADt
DTPA 3 kg/ADt | CO No data kg/ADt
Energy SO,-S 1.75 kg/ADt
0Oil No data M/ Dust No data kg/ADt
Coal No data M/ COD 34 kg/ADt
Natural gas No data MJ/t BODs 1.7 kg/ADt
Purchased electricity No data kWh/t Suspended solids No data kg/ADt
Total primary energy No data kWh/t AOX <0.01 kg/ADt
Nanore 0.4 kg/ADt
Total Phosphor 0.06 kg/ADt
Wastewater flow 70 m’/ADt
Water demand Residues
Raw-/fresh water 70 m’/ADt | Sludge (90% dry | 37 kg/ADt
solids)
Other waste No data kg/ADt

Notes:
1) Air emission from purchased electricity is not included.

Table 3.3: Annual average specific input/output data from six integrated sulphite pulp and paper
mills (different paper grades are produced) manufacturing about 850000 ADt/a (1996)

The data refer only to the pulp production i.e. paper production is not included. The data to
emission to water represent the situation after biological treatment. The air emission data refer
to situation after abatement. The data set is not complete.

3.2.2 Consumption and emission levels arising from process units

In sulphite pulping the wastewater effluents and the emissions to air are the centres of interest
but in the next years waste might also become an environmental issue of concern. The most
relevant consumption of raw materials and emissions to water, air and soil (waste) as well as
energy aspects are discussed below covering the following aspects:

- Wood consumption
- Water consumption and wastewater emissions from different process steps
- Woodhandling
- Condensates from evaporators
- Spillages
- Washing losses
- Bleaching
- Discharges of nutrients
- Discharges of metals
- Consumption of chemicals
- Energy demand
- Emissions to the atmosphere
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- from the recovery boiler

- from auxiliary boilers

- Odorous gases

- Chlorine compounds from bleaching and bleaching chemical preparation (only for ECF)
- Solid waste generation
- Noise

Where data are available emissions to water, air or soil (waste) are given before and after
external treatment.

As for the reported emission and consumption figures, it should be borne in mind that, due to
the use of some different measurement methods in the various Member States, data are not
always strictly comparable from country to country. (See Annex III for more information on this
issue but the different methods used do not alter the conclusions drawn in this document).

3.2.2.1 Wood consumption

Soft wood mainly spruce and hardwood (mainly beech) can be used as raw material in the
sulphite pulping process. Logging and sawmill residues can also be used. The use of wood and
the yield for production of bleached pulp is dependent on the selectivity in delignification and
bleaching. The wood required for manufacturing 1 tonne of bleached sulphite pulp is normally
between 4.2 and 5.2 m® unbarked wood/ADt.

3.2.2.2 Water consumption and emissions

Figure 3.4 gives an overview about the main processes involved in sulphite pulping and the
major sources of emissions (to water and air). The emissions to water originate from different
process mainly washing losses, effluents from the bleach plant and condensates from the
evaporation plant. They also include accidental spills.
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Figure 3.4: Main emissions to water and air from sulphite pulping

In the cook the delignification is brought down to a kappa number of about 14-22 for softwood
and 10-20 for hardwood. The yield in the cook is somewhat higher than for kraft pulping. As a
consequence the amount of wood, mainly hemicelluloses, dissolved out in the open part of the
process (after brown stock washing) is comparatively high in alkaline bleaching stages and can
amount up to 40-50 kg COD/t. The specific wastewater volume of the bleach plant in better
performing mills is in the range of 15 - 25 m’/ADt.

It is important to neutralise sulphite liquor before evaporation. Otherwise acetic acid will be
evaporated and turn up in the condensates instead of being led to the recovery boiler. The COD
load in condensates is normally much higher at sulphite pulp mills compared to kraft mills as
stripping is not a normal practice. The total load in condensates is up to 60 - 70 kg of COD/t.
The differences between softwood and hardwood are quite small. Stripping and anaerobic
treatment are possible options. As for kraft pulping most of the contaminants are readily
degraded in a biological treatment plant.

Generally, the data available for sulphite pulping are much more limited than on kraft pulping.
However, from available information it can be derived that total emissions of organic
substances (measured as COD) before treatment vary between 80 and 200 kg/t. Available data
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indicate that the total effluents from modernised sulphite pulp mills are 50 - 100 % higher than
the one from modernised kraft pulp mills due to less closed processes.

Discharges after treatment are very different within Europe ranging for example from 10 up to
190 kg COD/ADT.

Sulphite Flow BOD; COD AOX tot-P tot-N TSS
pulp m’/ADt | kg/ADt kg/ADt | kg/ADt g/ADt kg/ADt kg/ADt

Bleached and | 40-100 | 0.5-75 10 - 190 0-1 15-150 0.18-1 1.7-10
unbleached

Table 3.4: Reported spans in annual average discharges in kg/ADt from Mg-sulphite pulp mills
after treatment within Europe

Typical values for water consumption for magnesium bi-sulphite pulping are in the range of 40 -
100 m® water per ADt of pulp.

A dissolving sulphite pulp mill (Lenzing AG, Austria, production of dissolving pulp for viscose
fibres) reported the pollution loads before and after treatment as shown in Table 3.5.

COD load before Emissions to water
biological treatment after biological treatment
Woodyard : ca. 1 kg/t COD: 4 -5 kg/t
Bleaching (1% & 2™ stage): ca. 15 kg/t BODs:  not detectable
Evaporator condensates:  ca. 30 kg/t TSS: 0.4-0.5kg/t
Total load: ca. 46 kg/t AOX: <0.01 kg/t
Total flow: ca. 40 m’/t Total P:  <0.1 kg/t
Total N: <0.2 kg/t

Explanatory notes:

The example stands for a mill that has carried out possible process-integrated measures as described in Section 3.1.9 in
order to reduce the releases to water. The wastewater from the first bleaching stage is evaporated and incinerated, acetic
acid and furfural are extracted from the evaporator condendates. The remaining wastewater is treated in an activated
sludge plant followed by a filtration step in order to reduce suspended solids, P and N.

Table 3.5: Specific emissions to water of an integrated dissolving sulphite pulp mill (and viscose
fibre) before and after biological treatment [personnel communication, 1998]

Table 3.6 shows the discharge of metals to the recipient. The results are based on sampling
(random sampling once per day) during a 5-day period in September 1996. The random samples
were mixed in proportion to the flows to give a combined sample which was analysed with
regard to cadmium, chromium, copper, nickel, lead and zinc. The analysis of the metals was
made by plasma mass-spectrometry (ICP-MS). Compared with 1995 the amount of cadmium,
chromium, copper, nickel and lead are ca. 50 % higher. The amount of zinc is ca. 10 % higher.
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Metal Concentration | Specific load
[mg/m’] g/t]
Cadmium 1.37 1
Chromium 5.5 44
Copper 9.3 7.4
Nickel 12 9.6
Lead 94 7.5
Zinc 144 115.2

Table 3.6: Discharge of metals from a Swedish partly integrated sulphite pulp mill in 1996
(Analysis of a combined sample consisting of S random samples taken during five days, 1 random
sample/day); water flow about 80 m*/t

3.2.2.3 Consumption of chemicals
Consumption of chemicals varies from mill to mill and is to a certain extent regarded as

confidential. However, the consumption of main chemicals is reported as typically being as
follows.

Chemicals used for bleached Mg-sulphite Amount [kgADt]
pulp production

NaOH 10-40

0O, 5-15

H,0, (100%) 10-40
EDTA or DTPA 0-3

0;' 0-5

S (some mills use either S or SO,) 20-40

SO, (some mills use either S or SO,) 0-70

MgO 15-25

Note:

1) Normally not used in sulphite pulp mills. However, in Europe one mill that is
manufacturing dissolving sulphite pulp has implemented an ozone bleaching stage

Table 3.7: Consumption of main chemicals in sulphite pulp production

A Swedish magnefite pulp mill producing bleached pulp for fine paper manufacturing reported
a chemical consumption per tonne of pulp as sodium hydroxide 50 kg, oxygen 14 kg, EDTA
1.76 kg and hydrogen peroxide 37 kg. The bleaching sequence is (E + O) Q (E + O + P). The
kappa number after cooking was on average for hardwood pulp 22 and for softwood pulp 22.

A German acid sulphite mill reported a consumption of make-up cooking chemicals of 30 kg
SO,/ADt and 15 - 20 kg MgO/ADt supposing SO, - losses of 2- 3 kg/ADT via the stack. The
same mill uses for the two-stage peroxide bleaching of 1 tonne of air dry pulp 20 - 25 kg
peroxide and 25 - 35 kg sodium hydroxide.

Most of the chelating agents used are washed out of the pulp and are discharged to wastewater.
Because in most mills the Q-stages are led to wastewater treatment (to a minor extent partial
streams are send to the recovery boiler) most of this chemicals will end up in the recipient.
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3.2.2.4 Emissions to the atmosphere

Sulphur emission levels from existing sulphite mills and the potential of further reductions are
highly mill dependent. Due to differences between different sulphite process the values might
show higher variations than in kraft pulp mills. But of course, they also depend significantly on
the collection and abatement systems used for treatment of gaseous emissions. Depending on
local conditions the following devices and systems can be found in sulphite pulp mills for
collecting and purifying emissions to the atmosphere:

»  Cyclone for chip blowing

* The gases from the continuous pressure control relief of the digesters are led to combustion
in the recovery boiler.

= (Collecting system for aerating gases from digesters, blow tanks, knot screens, washing
filters, all weak and thick liquor tanks and fibre filters. These gases are led to combustion in
the recovery boiler

= Scrubbers for the absorption of sulphur dioxide in aerating gases from the bleach plant.

= Non-condensable gases from the evaporation are led to combustion in the recovery boiler.

= Absorption of SO, in the flue gases leaving the recovery boilers in the acid preparation plant
(venturi-scrubber system).

= Collection system for ventilation gases from the boiler house's liquor and condensate tanks,
weak liquor filter and mix tank. The gases are led to combustion in the recovery boiler.

» Dust separation from flue gases from the auxiliary-boiler (burning bark, oil or other fuels)
with electrofilter (ESP) and wet scrubber.

*  NOx-reduction in the bark boiler by injection of urea.

In a magnesium sulphite mill the main source for sulphur oxide emissions is the recovery boiler.
After the recovery boiler, magnesium oxide ash is collected from the flue gas in electrostatic
precipitators and washed with water forming magnesium hydroxide. This liquid is used in
venturi scrubbers to absorb SO, and SO; from the recovery boiler (and in a few mills also from
the digesters, washers and evaporators). The absorption system is made up with a number of
scrubbers, normally three, four or five. Emissions are about 4 - 6 kg SO, per tonne of pulp when
three scrubbers are used and 2 - 3 kg/t when four are used. Each scrubber reduces the
concentration by about 70%.

There are also less concentrated SO, emissions from the bleach plant, the digesters, washing and
the auxiliary boilers.

Emissions of NO, from sulphite pulp mill recovery boilers are generally higher than those from
kraft pulp mills because of the higher temperature in the recovery boiler. NO, emissions range
normally from 100 - 200 mg/MJ or about 1.5 - 3 kg/t of pulp. Table 3.8 summarises typical
ranges for SO, and NO, from recovery boilers.

Unit S NO,
kg/t 0.5-3 1.0-3
(mg/m’) (100 - 400) (200 - 500)

Table 3.8: Emissions from sulphite pulp recovery boilers in kg/t and corresponding concentrations
in brackets (mg/m’) at a gas flow of about 6000 - 7000 m*/t (NTP, dry gas)

Besides the recovery boiler there are emissions to air from other combustion processes for
steam and power generation. Different types of fuels may be used for steam generation. Usually
sulphite mills are operating a bark boiler where bark, rejects, knots, fibre and bio-sludge is
incinerated as well.
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Emissions of malodorous gases in sulphite pulping are normally limited compared to kraft
pulping. However, emissions of furfural mercaptanes and H,S might cause odour and emissions
of gaseous sulphur may also cause annoyance. At some mills emissions of malodorous gases are
collected and burnt in the recovery boiler.

The reported ranges of total emissions to the atmosphere from European sulphite pulp mills are
shown in Table 3.9.

Total gaseous S NO,
[kg/ADt] [kg/ADt]
Recovery boiler 0.5-5 1-3
Bark boiler 0.02-0.06* 0.1-1*
Total emissions from mills 0.55-5* 1.2-4.2%
* For the bark boiler estimated figure. Any use of fossil fuel in the bark boiler is not included

Table 3.9: Atmospheric emissions from European sulphite pulp mills as yearly average

Emissions of VOC from the process are about 0.2 kg/t of sulphite pulp. The chip-heaps also
contribute to emissions of VOC.

3.2.2.5 Solid waste generation

The production of sulphite pulping is related to the generation of different types of
manufacturing specific wastes from which most can be utilised. The wastes arise from different
stages of the production process such as debarking, chipping, screening, clarification of the
cooking liquor, maintenance as well as from treatment of raw and wastewater. A German
sulphite pulp mill reported the following main fractions of waste including some options for
further treatment. The latter depend usually strongly on the local conditions.
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Waste from the production of sulphite pulp

EWC- Description Originate Amount Possible
Code’ disposal route
17 04 05 | Scrap (steel tapes, part of Packaging of logs, 2.8 kg/t Utilisation as
equipment etc.) maintenance of material
installations
030301 | Bark Debarking plant 90 kg/t Utilisation as fuel
- Sawdust Woodhandling 30-50 kg/t | Production of
chip boards
- Rejects from coarse screening Screening 23 kg/t Utilisation as fuel
- Rejects from fine screening Screening (0.5-1% losses) | 8 kg/tl Utilisation as fuel,
(chips, knots, bark, fibres, sand) brickwork's
03 03 06 | Sludge from pulp production Mechanical and biological | 80 kg/t Recultivation of
treatment of process water, landfills,
recovery of chemicals brickwork's
2003 01 | Mixed municipal waste Operation of installations 0.4 kg/t Sorting,
utilisation as
material or fuel
130202 | Oil waste Maintenance 0.03 kg/t Utilisation as
material or fuel
Note:

1 The reference did not qualify the dray solid content. It seems that the figure above includes more than 50% of water.
Normally, a value between 20-25 kg/ADt dry solids for primary and secondary sludges seems reasonable, whe
activated sludge is applied.

Table 3.10: Example for waste generated in production of sulphite pulp
[German mill, reference year: 1996]

Beyond that, the following types of waste have to be considered: Ash and cinder from energy
extraction (combined burning of bio-fuel and fossil fuel); wood-room waste (sand etc.); ash and
cinder from the recovery boilers; sand from fluidised bed boiler (if operated); in case of
integrated pulp mills residues from the paper mill. Wood waste as bark, chips, sawdust, knots
etc. is often burned on-site. Ashes from recovery boiler and bark boilers are partly used for other
purposes. Furthermore sludge from clarification of the cooking liquors and base tanks is
generated.

In Sweden by order of the Government the National Board of Forestry trials with addition of
lime and vitalising agent in the forest are running. The purpose is to develop and test different
additive and working methods in co-operation with the industry concerning the use of bark ash
as vitalising agent. In the future it might be necessary to add vitalising agent in a more extended
way to the forest in order to neutralise the acid rain.

A German sulphite mill using surface water reported significant amount of sludge from raw
water treatment (flocculation) amounting to 50 kg/ADt.

The spans of waste from sulphite pulping to landfill in Europe are about 30 - 50 kg organic
waste in DS/t of pulp and 30-60 kg inorganic waste in DS/t of pulp. Organic waste consist of
wood residues, bark, pulping rejects and wastewater sludge [J. Poyry, 1997]. If the organic
waste is incinerated in dedicated incinerators there is virtually no organic waste to be landfilled.
In an integrated sulphite pulp mill that is incinerating all organic residues on-site (bark, wood
waste, sludge from biological treatment) the amount of waste is reported as 3.5 kg DS/Adt
(100%DS). The ash from the incineration process can be utilised in different manners as e.g. in
cement indutry (reference: Gratkorn, AU).

3 The EWC is a harmonised, non-exhaustive list of wastes, that is to say, a list which will be periodically reviewed and if

necessary revised in accordance with the Committee procedure. However, the inclusion of a material in the EWC does not mean
that the given material is a waste in all circumstances. The entry is only relevant when the definition of waste has been satisfied
[IPTS, 1997].
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3.3 Techniques to consider in the determination of BAT

In this paragraph all relevant techniques currently commercially available for prevention or
reduction of emissions/waste and reducing consumption of energy and raw materials, both for
new and existing installations are given. This list of techniques is not exhaustive and may be
continued when reviewing this document. These techniques cover in-process measures and end-
of-pipe technology as well and stands for possibilities for improvement to achieve integrated
prevention and control of pollution.

In Table 3.11 an overview of techniques for reduction of emissions from sulphite pulping is
given. In the rows the single available techniques are compiled.

It was tried to give possible cross-media effects of every technique in the same table. It can be
concluded that it is not an easy task to describe cross-media effects in a way that would not
cause any dispute. There are a lot of "grey-zones" in the assessment of cross-media effects.
Furthermore, they may depend on other techniques, which may be linked to a given measure,
the reference to which a technique is compared with and the system boundary taken into
account as well. Therefore, the qualitative assessment of cross-media effects should only be
taken as help for operators or inspectors which side-effects a measure may possibly occur and is
not much more than a starting-point when considering possible shifts of pollution. The results of
the assessment should not be considered as imperative. Furthermore, prevention and control
measures can avoid some of them. Besides other things, the cross-media effect will also depend
on the specific conditions of every mill. Therefore, a general statement can hardly be given.
However, the table may indicate at which environmental media (water, air, waste, energy) a
measure is aiming at. The corresponding paragraphs under the detailed discussion of every
technique give further explanations.

In the columns the tendency of effects caused by different techniques on emissions, raw
material consumption and the mill performance are indicated qualitatively by using arrows up "
1" and down "i". The arrows down "I" indicate savings of raw materials or energy and a
reduction of emissions into the different media water, air and soil. Arrows up "+" indicate an
increase of emissions, consumption and impacts on the production process. Some of the
measures for pollution prevention and control presented in this section concern more than one
environmental medium (as water, air or soil) at a time. Some techniques may have a positive
and/or negative impact on other environmental media or on raw material and energy
consumption (cross-media-effects). The given effects will be noted by using the arrows. An
arrow in brackets "(1)" means only a slight - often negligible - increase of energy consumption,
raw material use or emission to environment when implementing a certain measure. The
economic aspects (investments, operational costs) are not included in the table but are explained
in the text. Data on economics can only give a rough picture and indicate the levels of costs.
They will vary with the design of the whole plant and depend among others on the size of the
mill and how a measure fits together with other mill equipment.
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Techniques to consider in the Effects on the consumption and emission level (cross-media effects)
determination of BAT
Chemical Energy Emission to | Emission Solid
consumption | consumption water to air waste
Dry debarking (see kraft) (0] t in debarking L COD, I | O (0]
TSS, | flow
Extended cooking to a low kappa 1 in cooking (1/1)in cooking | ¢ COD o (o)
Continuous (a) or batch (b) \ inbleaching [ 1 evaporation
Oxygen delignification 1 in Op-stage 1 in Op-stage | COD o (0]
| in bleaching | | in bleaching
Closed screening (see kraft) Y Y | COD 0] O
Efficient washing and process control | in bleaching | t washing (elec.) | | (o) (0]
(see kraft) | in cooking
Collection of almost all spillages (see kraft) ] 1 evaporation ! ] o)
TCF bleaching (vs. ECF) ! (1/1) (4 COD), | |} o
(at the same incoming low kappa) AOX, t N
chel. agent
Partly closure of the bleach plant + increased | t inbleaching | 1 evaporation ! ] o
evaporation
Closure of the bleach plant in sodium s. mills | ¢ ! ! o 8
Neutralising of weak liquor before 1 O (1/1) ! O
evaporation
Separate treatment of the condensates or re- ] ! ! ] o
use in the process
Buffer tanks for concentrated liquids ] ] ! ] o)
(see kraft)
Biological wastewater treatment (see kraft) 1 1 1 (1/1) odour | Sludge
burning ?
Installation of ESP and multi-stage scrubbers | ¢ ! ] ! o)
on the recovery boiler
Collection and incineration of odorous gases O 1 O | O
in the recovery boiler and/or in a venturi-
washer
Emission optimised recovery boiler o o o ! 8
Low NOx auxiliary boilers (see kraft) 0] o (0] 1 NOx o)
SNCR on bark boilers (see kraft) 1 urea 1 handling | O 1 NOx 0o
system
ESP on bark boiler (see kraft) 0] 1 electricity (o) | dust O
Emission optimised incineration of residues O | heat recovery 0} (1/1) !
with energy recovery (see kraft)
Notes:

t =increase; | = decrease; 0 = no (or negligible) effect. (1/1) = may or may not have an effect/little impact
depending on the conditions;

Table 3.11: Overview of available techniques in sulphite pulping and their impact on the
environment and the mill performance respectively

The techniques for prevention and abatement emission from kraft pulp mills are similar to the
available measures that can be applied in sulphite pulp mills. Therefore, for sulphite pulp mills
the presentation of the techniques to consider in the determination of BAT are divided into four
different groups of techniques in order to avoid repetition.

Group 1: Because of the similarities between sulphite and kraft pulping a number of the
measures for kraft pulping are valid in most respects for sulphite pulping, too. This is
considered to be the case concerning the techniques listed below. For them it is just referred to
the respective sections in kraft pulping.
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Dry debarking (see Section 2.3.1)

Closed screening (see Section 2.3.3)

Collection of almost all spillages (see Section 2.3.9)

Efficient washing and process control (see Section 2.3.10)

Installation of low NOx technology in auxiliary boilers (bark, coal, oil) (see Section 2.3.20)

Electrostatic precipitator for dust reduction in bark boilers (see Section 2.3.24 regarding

bark boilers)

= Use of sufficiently large buffer tanks for storage of concentrated or hot liquids from the
process (see Section 2.3.12)

= Aerobic biological treatment of the effluents (see Section 2.3.13)

= Tertiary treatment by use of chemical precipitation (see Section 2.3.14)

Group 2: There are particular differences between kraft and sulphite technologies concerning
the following techniques:

Extended modified cooking to a low kappa (batch or continuous) (see Section 2.3.2)
Oxygen delignification (see Section 2.3.4)

TCF bleaching technique (see Section 2.3.7)

Partly closure of the bleach plant combined with increased evaporation (see Section 2.3.8)
Stripping of most concentrated contaminated condensates and re-use of most condensates in
the process (see Section 2.3.11)

Increase in the dry solids content of black liquor (see Section 2.3.15)

Installation of scrubbers on the recovery boiler (see Section 2.3.16)

Collection of weak gases for incineration in the recovery boiler (see Section 2.3.17)

Ozone bleaching (see Section 2.3.5)

Although the principles are very similar, the are relevant differences between kraft and sulphite
pulp mills. The differences concern mainly detailed technical solutions, achievable kappa-
numbers reflecting residual lignin content, bleaching sequences and their chemical
consumption, volatile organic compounds in contaminated condensates etc. For this group less
data were provided.

Group 3: Some techniques of kraft pulping are not valid at all for sulphite pulp mills such as:

Collection and incineration of odorous gases in the lime kiln (see Section 2.3.18)
Installation of improved washing of lime mud in recausticizing (see Section 2.3.23)

ECF bleaching technique (see Section 2.3.6)

Electrostatic precipitator for dust reduction in the lime kiln (see Section 2.3.24 regarding the
lime kiln)

= Incineration of odorous gases in a separate furnace including a scrubber (see Section 2.3.19)

Group 4: Finally there are a few additional techniques to be mentioned which are only
applicable to sulphite pulp mills and which are not valid at all for kraft mills.

= Neutralising of weak liquor before evaporation followed by re-use of most condensates in
the process or anaerobic treatment

= Reduction of SO, emissions from the recovery boiler by installing electrostatic precipitators
and multi-stage scrubbers

Information on BAT for sulphite pulp mills is generally weaker than for kraft pulp mills. Most
Sections would need to be completed and assessed in more detail. However, using the
information provided and available data from other sources some techniques can be described
below. The description however does not have the same level of detail than the corresponding
Section on Kraft pulping. Generally, concerning sulphite pulp mills no data on costs are
available.
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3.3.1 Extended cooking to a low kappa

No further information received than those presented in Section 3.1.2.

3.3.2 Oxygen delignification

No further information received than those presented in Section 3.1.4.

3.3.3 TCF bleaching

Description of the technique: Since the beginning of the 90’s TCF bleaching became the
predominantly used bleaching method in European sulphite pulp mills. In Europe, there is no
sulphite pulp mill that still applies chlorine as bleaching agent and most of ECF pulp production
is replaced by TCF bleaching sequences. Existing bleach plants were converted by reorganising
and upgrading equipment. Bleaching sequences with chlorine application such as e.g. C/D-E-
D(E-D) were converted stepwise to TCF sequences. First molecular chlorine bleaching steps
were dropped and ECF pulp produced. Then the processes were converted to TCF bleaching
(e.g. EOP-Q-EOP(-EP)) by further developing the process. The use of complexing agents in
peroxide stages and the increase of consistency in the bleaching tower made it possible to
manufacture high quality TCF paper pulp. Further prerequisites for TCF bleaching such as
extended and even cooking, high effient washing processes and increase of evaporation
capacities were implemented.

An example for the process conditions of a typical TCF bleaching sequence for sulphite pulp are
shown in Table 3.12.

Parameter O- or EOP-stage | Acid washing EP or EOP stage(s)
Temperature 65-75°C 50-70°C 65-80°C

Pressure 1 —4 bar - 1 —2.5 bar
Consistency 10- 14 3-5 14 - 40

Kappa 21-24 - 11-13 - -3-5

NaOH 15-25 - 5-15

0, 5-15 - 0-7

H,0, 2-10 - 10 - 25

EDTA - 05-1.5

Table 3.12: Example for bleaching sequences for TCF sulphite pulping

Applicability and characterisation of the measure: Process integrated measure. Applicable to
both new and existing mills (conversion).

Main achieved environmental performance: The releases of chlorinated organic substances
(measured as AOX) to water are significantly reduced from formerly 4-8 (up to 12) kg
AOX/Adt of chlorine bleached pulp down to well below 0.1 kg/t (no formation in bleaching).
Releases of purgeable or volatile chlorinated organic substances (POX) to air are reduced from
about 20 mg POX/Adt down to zero. The TCF pulp produced does not contain organically
bound chlorine that might be released when it is repulped in paper mills. The specific fresh
water demand in the bleach plant could be reduced in TCF mills from about 25-35 m3/Adt
down to 10-15 m3/Adt by increased closure of the water circuits. Increased process water
closure results in lower hydraulic loads and in a few cases also in reduced organic loads. TCF
bleaching leads to less emission of coloured substances with waste water and the degradability
of the waste water in the biological treatment plant is enhanced. Moreover, savings of energy
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are achieved by TCF bleaching. The steam demand in the bleach plant can be reduced from 0.5-
1 tonnes of steam/tonne of pulp down to 0-0.2 t of steam per tonne of pulp. The power demand
can be reduced by 20-30%.

Finally, no risk can occur with the storage of chlorine and the preparation of chlorine dioxide.

Cross-media effects: The numerous positive effects are metioned in the paragraph above (main
achieved environmental performance). As drawbacks the following aspects can be noted:
Releases of complexing agents such as EDTA (0.2 — 1 kg/t) if they are applied in bleaching
stages that discharge the washing liquids via waste water treatment plant. However, by
optimising the dosage of complexing agents the amount of EDTA can be reduced. There are
experiences that the sedimentability of the biosludge in the sedimentation tank can be
deteriorated to a certain extent. In other mills this effect does not occur. Because of possible
risks, peroxide should be handled with care.

Operational experiences: Nowadays, for all qualities of TCF bleached sulphite pulp sufficient
experiences has been gained. There are no operational problems reported.

Economics: The investment cost for conversion to TCF bleaching and the upgrading of the
existing bleach plant amounts to about 20 — 50 MEuro for a sulphite pulp mill with a daily
production capacity of 700 Adt per day. However, these figure depend to a certain extent on the
pulp qualities to be achieved. On the other hand, the TCF conversion results in savings
concerning operating costs (chemicals, energy). The savings depend on the price of chemicals
and energy in the given country.

Driving force for implementing this technique: Requirements concerning protection of the
environment (reduction of discharges of chlorinated organic matters and other toxic substances)
and occupational safety. Decrease of operating costs for bleaching and market demands of
environmentally aware customers were other important drivers.

Example plants: Most sulphite pulp mills in Europe.

3.3.4 Partial closure of the bleach plant

No further information received than those presented in Section 3.1.4.

3.3.5 Pre-treatment of wastewater from the oxygen stages in an
ultrafiltration plant followed by aerobic treatment of the total
effluent

Description of the technique: The wastewater from oxygen stages can be treated in an
ultrafiltration plant. This technique is applied in only one sulphite pulp mill in Europe (SE). In
this case, the separated concentrate is burnt in the boiler house and the permeate is led to the
external biological treatment. Detailed information on operational experiences, design
parameter for lay out, maintenance, availability and utilization of the concentrate are not yet
sufficcient to draw conclusions on BAT for this technique.

3.3.6 Anaerobic pre-treatment of the condensate followed by aerobic
treatment of the total effluent

Description of the technique: Condensates from evaporation of weak liquor from sulphite
mills contain relatively high concentrations of readily biodegradable organic substances. They
can be efficiently treated in a separate anaerobic treatment. Effluents from the bleach plant
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(filtrates), other wastewater streams from the mill as washing losses, rinsing waters, leakage and
spillage can then be treated together in an aerobic activated sludge system as shown in Figure
3.5.

Sources of waste water:

COD load from different Waste water treatment
process sleeps
Condensates from Anaerobic biological COD reduction rate
evaporation plant 30-35 COD kg/t —W treatment 83-88 %
4-7 COD kg/t
Bleach plant 35-40 COD kg/t >
Washing losses 5-10 COD kg /t »
Rinsing waters
Leakage, spillage
2 55-65 COD kg/t v

Aerobic treatment COD reduction rate
(pure oxygen) 55-60 %

to recipient

25-30 COD kg/t

Figure 3.5: Wastewater load from acid sulphite pulping and treatment systems including reduction
efficiency. Example of organic loads before and after treatment from a German sulphite pulp mill

All effluents containing particulate matters are led first to pre-sedimentation tanks for
mechanical purification and then to the activated sludge plant. To the activated sludge plant may
also be led different leaching water (if existing), rainwater run-off and cooling water. Fibre
sludge from the pre-sedimentation tank and biosludge (surplus sludge) from the activated sludge
plant is thickened in separate thickening tanks. Dewatering can take place using screw presses
with a pre-concentrator. The dewatered sludge is often mixed with bark and burned in the bark
boiler.

Applicability and characterisation of the measure: Can be installed in both existing and new
mills.

Main achieved environmental performance: Condensates from evaporation of weak liquor
from sulphite mills contain relatively high concentrations of readily biodegradable organic
substances. They can be efficiently treated in a separate anaerobic treatment. COD removal
efficiencies amount to about 85%. The treatment efficiency for the aerobic treatment of the rest
of the wastewaters from the mill achieve about 55% to 60% COD-reduction. Depending on the
process integrated measures before the effluent treatment and the specific lay out of
delignification and bleaching stages final effluent loads of 25 - 30 kg COD/t can be achieved.

Cross media effects: Anaerobic treatment of concentrated wastewater streams generates energy
containing biogas, which can be used as a fuel. Less excess sludge is generated. Aerobic
biological treatment as a second stage consumes energy for pumps and aerators. Excess sludge
has to be de-watered and further treated for instance in suitable bark boilers or fluidised bed
incinerators.
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Operational experiences: This technique is operating in some mills and good availability is
normally reported.

Economics: No data available.
Reference plants: Several mills in Germany and Austria have applied this technique.

Literature: Not available

3.3.7 Biological wastewater treatment

Description of the technique: Biological treatment utilises the natural biological process,
where micro-organisms use dissolved organic material in the water as a source of energy. In
biological treatment the biodegradable dissolved and colloidal material in the water are
transformed partly into a solid cell substance and partly into carbon dioxide and water. The
biosludge is separated before the water is discharged.

The micro-organisms need nitrogen and phosphorus for proper growth. In pulp and paper mill
effluents the amount of nutrients is low compared with the amount of organic substances. It is,
therefore, often necessary to add phosphorus and nitrogen to the wastewater to achieve efficient
treatment. However, it is recommendable to assess whether the initial nutrient supply in the
wastewater is sufficient. Sometimes wastewater from bleached sulphite pulp mills contain
enough phosphorus and in integrated pulp and paper mills sometimes only very little of
additional nitrogen is needed. Therefore, overdosing of nutrients should be avoided by
monitoring the concentration of the nutrients in the outlet.

The temperature of the wastewater influences the functioning of the biology. The temperature
must not exceed 30-35°C in aerobic processes and cooling can become necessary. The effluent
temperature of sulphite pulp mills is normally between 29 and 35°C.

Lignin, which is dissolved during pulping and is, to some extent, present in the effluent, is only
partially degraded in biological treatment. The remaining lignin fractions give the treated water
a brown colour.

A simplified process scheme for activated sludge treatment is shown in Figure 3.6.

Nutrients

Screen Primary Clarifier l
/
Effluent inlet
from paper mill
Fibrous sludge
Neutralisation
chemicals
Sludge Presses
Nutrients I;gt‘?:ll:tzg
X . . Intermediate Secondary
Screen Primary Clarifier High load activated sludge Clarifier Selector ~ sludge Clarifier
/ » el
e —

Effluent inlet

. Aeration
from pulp mill

Fibrous sludge Retum sludge

Neutralisation
chemicals

Discharge

> o

» to recipient
A

Aeration
Retum sludge
A

Sludge Presses

Sludge Presses

Figure 3.6: Process diagram of the effluent treatment plant for a sulphite pulp mill. Example from
an Austrian mill [Neusiedler AG, Austria]
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Applicability and characterisation of the measure: End-of-pipe technique. The process can
be applied to both new and existing mills.

Main achieved environmental performance: The efficiency of the treatment varies,
depending on the type of effluents treated. In Table 3.13 the achieved outlet concentration of the
effluent treatment shown in Figure 3.6 is compiled. The values are derived from daily average
samplings of COD, BODs and total suspended solids. In 1998, the annual production of the
integrated mill amounts to about 45000 tonnes of pulp and about 80000 tonnes of fine paper.
The COD load of the paper mill contributes to about 10% to the total COD load of the effluent

inlet.
Days in Measured daily average
August | Influent COD load | Influent COD load concentration after biological treatment
‘98 pulp mill [kg/d] paper mill [kg/d] COD [mg/1] BOD; [mg/1] TSS [mg/1]

1 16922 1601 520 21 32
2 16785 1614 521 19 32
3 15809 1685 524 22 32
4 15984 2149 465 21 26
5 13042 2478 524 25 24
6 13380 1291 507 25 20
7 15978 856 483 19 18
8 13966 449 428 23 20
9 12740 1515 389 17 36
10 13017 1069 410 24 22
11 10888 1769 395 22 18
12 14574 1809 364 19 18
13 13230 2039 412 21 18
14 13754 1485 409 16 24
15 14345 2307 408 25 24
16 14547 2126 466 22 32
17 13862 1505 501 17 44
18 15612 1307 537 17 48
19 11278 2723 499 24 48
20 14695 2079 433 23 52
21 14713 1833 400 19 38
22 13294 2231 411 22 26
23 13525 1549 474 25 30
24 15590 1498 483 23 20
25 13908 881 534 18 24
26 12928 1738 493 17 20
27 13724 1767 424 25 32
28 16763 2034 510 19 20
29 15673 1403 476 19 22
30 16385 923 458 24 24
31 16230 2102 527 16 18
Mean 14424 1671 465 21 28
value

Maximum 16922 2723 537 25 52
Minimum 10888 449 364 16 18
Explanatory notes:

mg/1

4) Inorganic nitrogen is normally below 7 mg/l

1) The wastewater flow of the paper department is about 15 m® per tonne
2) The wastewater flow of the pulp department is about 55 m’ per tonne
3) Total phosphorus is measured only once a week and is normally below 1 mg/1 with a few peak values up to 2

Table 3.13: Discharge into water from an integrated sulphite pulp mill after biological treatment
[Data are derived from a mill visit in 1998]
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Cross media effects: Aerobic biological treatment consumes energy. The consumption of
electrical energy in activated sludge treatment is in the range of 1.2-2 kWh/kg of reduced BOD
(aeration and pumping). The sludge generation in activated sludge treatment is in the range of
0.4-0.7 kg DS/kg BOD-reduced [Finnish BAT report, 1997].

The fibrous sludge from the primary clarifier of the example plant described above is
incinerated as substitute raw material in the brick industry. The excess biosludge is de-watered,
washed with evaporator condensate, de-watered again, and finally incinerated in the recovery
boiler together with thick liquor. This option for biosludge treatment has been chosen because
the mill does not operate a bark boiler. The wood chips are supplied by nearby saw mills. Other
sulphite pulp mills normally burn the de-watered sludge in the bark boiler.

Operational experiences: Aerobic biological treatment such as activated sludge treatment for
effluents from sulphite pulp mills has been successfully used for over 10 years.

The concept of the effluent treatment as shown in Figure 3.6 above tries to separate influents
and peak flows to achieve a smooth operation. If concentration peaks of COD or unusual
variations in temperature and hydraulic load in the inlet effluent are assessed, the given partial
wastewater stream is led to an emergency basin where it is intermediately stored and discharged
stepwise to the major wastewater flow. This concept results in relatively little variations of
emissions and a continuous high performance of the treatment plant.

Economics: The total investment costs of the whole effluent treatment system including sludge
de-watering as described above is reported to amount to about 20 MEuro (referring to a annual
production of 45000 tonnes of pulp and about 80000 tonnes of fine paper). The costs imply a
dimensioning according the maximum load. This results in higher costs but also higher security
of the operation.

Example plants: Neusiedler AG, Austria; all four sulphite pulp mills in Germany have applied
activated sludge treatment. However, the evaporator condensate is pre-treated by anaerobic
reactors that are followed by aerobic treatment as described above; there is a number of other
examples plants in Europe that operate activated sludge treatment.

Literature/Reference
[Personal communication with operators in Germany and Austria]

3.3.8 Installation of ESP and multi-stage scrubbers on the recovery boiler
- chemical recovery and abatement of air emissions

Description of the technique: Besides the recovery boiler being a significant source of SO, and
particulate emissions other potential releases of SO, are the digester where liquor and gas are
withdrawn at certain times during the process and the blow tank (see Figure 3.7). The flows of
the latter contain between 30 and 70% of the sulphur dioxide charged to the digester. They are
usually recovered in tanks with different pressure levels both for economic and environmental
reasons. SO, releases from washing and screening operations and from vents of the evaporators
can be recovered by collecting the gases and introducing them in the recovery boiler as
combustion air.
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Figure 3.7: SO, - circuit in a sulphite pulp mill

The final sulphur dioxide emissions are closely related to the system of recovery of spent
cooking liquor. The flue gas from incineration of the concentrated black liquor carries a
considerable amount of SO, gas which varies somewhat with sulphidity of the spent liquor from
the particular sulphite process used. To control these emissions proper design and operation of
the furnace and auxiliary emission control devices (multi-stage scrubbers) can be applied.

The magnesium bisulphite recovery process demands controlled oxidation conditions to
minimise the formation of MgSO, and SO; and temperatures between 1250 and 1400°C to
generate a clean ash with maximum reactivity in contact with water. The chemicals used in the
cooking plant appear in the flue gas in the form of light MgO ash and the sulphur as SO,. These
two chemicals form fresh cooking liquor when brought together in a counter-flow multi-stage
scrubber.

The steps to regenerate the cooking liquor consist of a cleaning of the MgO ash by washing and
slaking in water to form Mg(OH),. The SO, is scrubbed with this alkaline solution counter-
currently and returning the SO, rich solution to the liquor preparation (see Figure 3.7).

Applicability and characterisation of the measure: The measures for SO, emission control
can be considered as process integrated technique because the liquids used in the scrubber and
the washed off SO, is reused in the process. The technique is applicable to both existing and
new mills. Factors that influence the possibility of further reduction of sulphur emission are the
type of sulphite process - type of cooking base and pH of cooking liquor - and to a certain extent
the size of the mill. Due to the higher flexibility of sulphite pulping, for sulphite mills it is more
difficult than for kraft mills to describe what can be considered as achievable levels associated
with BAT on a sector level. Below two examples of the performance of SO, emission control
systems in a smaller (35000 t/a) and a bigger mill (300000 t/a) are given.
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Main achieved environmental performance: Various types of scrubbers for recovery of SO,
are used in all sulphite mills applying recovery of chemicals from the cooking liquor.

A small mill (Neusiedler AG) manufacturing bleached sulphite pulp from softwood (87%ISO)
is operating a flue gas cleaning system consisting of an electrostatic precipitator and a counter-
flow three stage scrubber. The mill reported the following measured values in 1998:

NOx*| SO, | CO | dust [Excess | Black [Production Gas | NO,*| SO, | CO | dust
0, |liquor flow *

Units  [mg/Nm® [mg/Nm® [mg/Nm?® [mg/Nm® | % t/d t/d Nm’/t kg/t kg/t g/t kg/t
Limit | 350 300 50 40
value '
Jan 243 53 1 3 5 2954 | 137.2 6238 1.52 0.31 6.2 0.019
Feb 251 30 2 3 6 294.6 | 143.4 5932 1.49 0.16 11.8 0.018
Mar 237 70 1 3 7 288.4 | 136.2 6152 1.46 0.40 6.1 0.018
April | 223 49 1 3 8 2545 | 116.3 6543 1.46 0.29 6.5 0.020
May | 252 21 5 3 9 296.8 | 136.5 6263 1.58 0.13 31.3 0.020
June | 250 35 3 3 10 301.3 | 141.5 6140 1.54 0.20 18.4 0.018
July 243 37 2 3 5 300.9 | 137.9 6280 1.53 0.22 12.5 0.019
Aug 244 49 3 3 6 300.9 | 130.9 6684 1.63 0.31 20 0.020
Mean | 243 43 2 3 5 291.6 | 135 6279 1.53 0.25 14.1 0.019
value
Notes:

1 The emission limit values and the measured values are referring to daily means and standard conditions (0°C,
1013 mbar, oxygen content (5 %) after substraction of the water vapour content (dry gas). According to the
Austrian Air Protection Law 95% of all daily means shall not exceed the established mass concentration.

2 The dry solid content of concentrated black liquor after evaporation amounts to 56 - 58% DS. The energy content
of black liquor is about 7.8 GJ/t. As an average 2.16 t of black liquor is burned per tonne of pulp produced.

3 A minor amount of raw gas (36.2 MJ/Nm?) is added to the flame to support incineration and for safety reasons.
The amount of raw gas varies between 4758 Nm’/d and 6742 Nm’/d that corresponds to about 39 Nm’/t or 1.4
GJ/t of pulp. The contribution of the emission from incineration of raw gas to the total emissions is negligible.

4 Usually the concentration of NOx would be in the range of 350 mg/Nm’. By injection of ammonia the average
concentration is lowered to about 250 mg/Nm®.

Table 3.14: Atmospheric emissions from the recovery boiler of a small Austrian sulphite pulp mill
manufacturing 35000 t/a
[All data from a site visit in Oct. 98]

The variations of NO are very low and there are only slight fluctuations around 250 mg/Nm’.
Dust emissions are not monitored continuously because they are nearly completely recovered by
ESP and the three-stage scrubbers. SO, emissions are usually clearly below 100 mg/Nm® but
there are some peaks reaching 450 - 600 mg/Nm’. These peaks are mainly caused by acid
operation applied to clean the system (2 to 3 times per month). During that time only two
scrubbers are in operation.

A big Swedish magnesium based mill (Nymélla) with an annual pulp capacity of 300000 t
reported SO, emissions from the process in the range of 1.0 - 1.5 kg S/ADt. In the recovery
system absorption of SO, from flue gases from the recovery boiler takes place in five venturi
scrubbers. A system for collection of various vent gases is installed. Vent gases from the
cooking, washing and evaporation departments are collected and introduced in the recovery
boiler as combustion air.

Monitoring of emissions: Automatic SO,- and NO,-analysers
Cross media effects: No negative cross-media effects to be expected
Operational experiences: Variations of the described SO, control systems are applied in all

magnesium based sulphite mills. However, different reduction efficiencies for SO, removal are
reported from European mills.
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Economics: No data available

Driving force for implementing this technique: The recovery of SO, from incineration of
spent liquor is inherent for the preparation of cooking liquor and carried out for both economical
and environmental reasons. However, better performing systems are usually implemented for
further reduction of the acidification potential of SO,. Better performing systems are
characterised by an additional scrubber stage for SO, absorption and collection systems for vent
gases from the cooking, washing and evaporation departments.

Reference plants: Numerous plants in Europe use similar systems

Literature:
[SEPA-report 4008, 1992], [data from a site visit, 1998]

3.3.9 Reduction of odorous gases

No further information received than those presented in Section 3.2.2.4.

3.3.10 Emission optimised recovery boiler by controlling the firing
conditions

No sufficient information received.

3.3.11 Measures to prevent uncontrolled development of normal operation
and to reduce the consequences of accidents

As an example how to prevent uncontrolled development of normal operation in sulphite pulp
mills the security measures for SO, supply and storage are described.

Description of the technique: In order to compensate losses, "make up" sulphur dioxide is
necessary in the chemical circuit of a sulphite pulp plant. This demand is generally satisfied by
the supply of SO, liquid. In general, it is stored in adequate storage tanks. The whole plant for
refilling, storage and maybe liquefaction of sulphur dioxide including the piping for the SO,-
liquid has a security analysis, which is updated regularly and when changes have been made.
For further areas, in which SO, is used, there exists an investigation of security (e.g. installation
for treatment of odorous gases, digester house, container field and exhaust gas desulfurization
plant). Possible risks of the train transport of liquid-SO, are checked in a security control as
well. Via an information script the public is informed of the dangers of sulphur dioxide and the
right behaviour during an uncontrolled development of normal operation.

The following technical equipment belongs to the installation for SO,-supply and storage:

»  double-walled piping

= secure electricity supply

= environmentally sound treatment of SO, in case of a failure of the normal operation (suction
and treatment or reserve storage)

Besides the technical equipment the following organisational measures are implemented:

» regular checking and maintenance

= alarm plan including reasonable measures to be taken in case of uncontrolled development
» qualified staff n in charge of major accidents

» training of employees

» information of the public
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Applicability and characterisation of the measure: Applicable to both existing and new mills.
Main achieved environmental performance: An immediate limitation of emissions is not
going to be achieved with these measures. The probability of a major accident as well as the
effects of the operation of the plant as directed, are however limited considerably.

Monitoring of emissions: Automatic SO,-analysers

Cross media effects: N o cross-media effects to be expected

Operational experiences: The described security system for SO, supply and storage is for
instance applied at Sappi, fine paper Europe, mill Ahlfeld (Germany) with success.

Economics: no data available

Driving force for implementing this technique: Consequent intention to operate the pulp mill
with less risk to environment and adjacent neighbourhood.

Reference plants: Numerous plants in Europe use similar security systems

Literature: not available
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3.4 Best Available Techniques
3.4.1 Introduction

In understanding this chapter and its contents, the attention of the reader is drawn back to the
preface of this document and in particular the fifth section of the preface: “How to understand
and use this document”. The techniques and associated emission and/or consumption levels, or
ranges of levels, presented in this chapter have been assessed through an iterative process
involving the following steps:

¢ identification of the key environmental issues for the sector; for integrated sulphite pulp and
paper mills the major concerns are water use, wastewater discharge (COD, BOD, suspended
solids, N, P), energy consumption (steam and electricity), solid waste such as rejects, sludge
and ash, air emissions from energy generation (SO,, NO,, CO,, dust), noise, waste heat to
water and sometimes odour; the latter three stand for local impacts;

e examination of the techniques most relevant to address those key issues;

e identification of the best environmental performance levels, on the basis of the available
data in the European Union and world-wide;

¢ examination of the conditions under which these performance levels were achieved; such as
costs, cross-media effects, main driving forces involved in implementation of this
techniques;

e selection of the best available techniques (BAT) and the associated emission and/or
consumption levels for this sector in a general sense all according to Article 2(11) and
Annex IV of the Directive.

Expert judgement by the European IPPC Bureau and the relevant Technical Working Group
(TWG) has played a key role in each of these steps and in the way in which the information is
presented here.

On the basis of this assessment, techniques, and as far as possible emission and consumption
levels associated with the use of BAT, are presented in this chapter that are considered to be
appropriate to the sector as a whole and in many cases reflect current performance of some
installations within the sector. Where emission or consumption levels “associated with best
available techniques” are presented, this is to be understood as meaning that those levels
represent the environmental performance that could be anticipated as a result of the application,
in this sector, of the techniques described, bearing in mind the balance of costs and advantages
inherent within the definition of BAT. However, they are neither emission nor consumption
limit values and should not be understood as such. In some cases it may be technically possible
to achieve better emission or consumption levels but due to the costs involved or cross media
considerations, they are not considered to be appropriate as BAT for the sector as a whole.
However, such levels may be considered to be justified in more specific cases where there are
special driving forces.

The emission and consumption levels associated with the use of BAT have to be seen together
with any specified reference conditions (e.g. averaging periods).

The concept of “levels associated with BAT” described above is to be distinguished from the
term “achievable level” used elsewhere in this document. Where a level is described as
“achievable” using a particular technique or combination of techniques, this should be
understood to mean that the level may be expected to be achieved over a substantial period of
time in a well maintained and operated installation or process using those techniques.

Where available, data concerning costs have been given together with the description of the
techniques presented in the previous chapter. These give a rough indication about the
magnitude of costs involved. However, the actual cost of applying a technique will depend
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strongly on the specific situation regarding, for example, taxes, fees, and the technical
characteristics of the installation concerned. It is not possible to evaluate such site-specific
factors fully in this document. In the absence of data concerning costs, conclusions on
economic viability of techniques are drawn from observations on existing installations.

It is intended that the general BAT in this chapter are a reference point against which to judge
the current performance of an existing installation or to judge a proposal for a new installation.
In this way they will assist in the determination of appropriate "BAT-based" conditions for the
installation or in the establishment of general binding rules under Article 9(8). It is foreseen
that new installations can be designed to perform at or even better than the general BAT levels
presented here. It is also considered that existing installations could move towards the general
BAT levels or do better, subject to the technical and economic applicability of the techniques in
each case.

While the BREFs do not set legally binding standards, they are meant to give information for
the guidance of industry, Member States and the public on achievable emission and
consumption levels when using specified techniques. The appropriate limit values for any
specific case will need to be determined taking into account the objectives of the IPPC Directive
and the local considerations.

Manufacture of sulphite pulp is not a single process but a series of unit processes, often linked
and inter-dependent. Therefore, it is always a suitable combination of techniques that constitutes
BAT for sulphite pulp and paper mill. The order of priority and the selection of the techniques
or combinations of techniques depend on the local circumstances.

Best available techniques given below are, if not stated otherwise, applicable to new and
existing plants. In pulp and paper mills, the applicability of a technique is less driven by the fact
whether a mill is new or existing. Pulp and paper mills are characterised by the fact that
machinery is rebuilt rather than replaced whole-scale. The modular rebuilding and development
of plants means that each site is a unique product of its location and history. On the other hand,
there is a series of unit processes, which are common in all countries.

3.4.2 BAT for sulphite pulp and paper mills

Below, the techniques or combination of techniques that are considered as BAT for integrated
and non-integrated sulphite pulp mills are given. The following list of BAT is not considered
exhaustive and any other technique or combination of techniques achieving the same (or better)
performance can also be considered; such techniques may be under development or an emerging
technique or already available but not described in this document. For integrated sulphite pulp
and paper mills it is refer to Section 6.4 where further details on BAT for papermaking are
given. If not stated otherwise, the data refer to yearly average values.

General measures

1. Training, education and motivation of staff and operators. Pulp and paper mills are operated
by people. Therefore, training of staff can be a very cost-effective way of reducing
discharges of harmful substances.

2. Process control optimisation. To be able to reduce different pollutants simultaneously and to
maintain low emissions, improved process control is required.

3. To maintain the efficiency of the technical units of pulp mills and the associated abatement
techniques at a high level, sufficient maintenance has to be ensured.

4. Environmental management system which clearly defines the responsibilities for
environmentally relevant aspects in a mill. It raises awareness and includes goals and
measures, process and job instructions, check lists and other relevant documentation.
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Measures for reducing of emissions to water

1. Dry debarking

2. Extended delignification in the closed part of the process. This is achieved by a combination
of extended cooking and oxygen delignification. It has to be kept in mind that there is a
difference in magnesium-bisulphite and magnefite-pulping concerning achievable kappa
number after extended cooking.

3. Highly efficient brown stock washing and closed cycle brown stock screening. A carry-over
from the washed pulp to the bleach plant of <5 kg COD/t is achievable.

4. Effective spill monitoring, containment, and recovery system

5. Partly closing of the bleach plant when magnesium based cooking processes is being used.

Up to now this technique leads to a slight loss of brightness and is therefore not generally

considered as BAT. For products where brightness is crucial as fine paper this technique is

not considered as BAT.

Closure of the bleach plant when sodium based cooking processes is being used.

7. TCEF bleaching.

For bleaching of sulphite pulp the use of chlorine containing bleaching chemicals can be

avoided. The application of high consistency peroxide bleaching results in short and

efficient bleaching sequences.

Neutralising of weak liquor before evaporation

Re-use of most condensates in the process or separate biological treatment

10. Use of sufficiently large buffer tanks for storage of concentrated or hot liquids from the
process

11. Primary treatment of wastewater

12. Biological wastewater treatment in activated sludge system or by use of other techniques
achieving the same or better performance or efficiency
In addition to the process-integrated measures and primary treatment (item 1 to 10)
biological treatment is considered BAT for sulphite pulp mills. Activated sludge plants
consisting of equalisation basin, aeration basin, secondary clarifier and sludge handling
show excellent performance for the treatment of pulp mill effluents. Low loaded activated
sludge plants with a sludge load below 0.15 kg BOD/(kg MLSS*d) and typical retention
times in the aeration basin of about one day are regarded as BAT. They can achieve high
removal efficiencies and a stable treatment system. It should be noted that any other waste
water treatment system with comparable emission levels and comparable costs can also be
regarded as BAT.

@

o x

When implementing suitable combinations of BAT achievable emission levels for non-
integrated and integrated sulphite pulp mills are considered to be in the same range as far as the
pulping side is concerned. For integrated mills, the measures related to pulp mills (Chapter 3)
and additionally the measures described under the corresponding Chapter on papermaking
(Chapter 6) have to be considered.

However, there are some techniques to consider that refer solely to integrated pulp mills as for
example

» Effective separation of the water systems of the pulp and paper mill from each other
* Recycling of the pulp dilution water between the pulp and paper mills

Table 3.15 shows achieved emission levels of some pulp mills in Europe that have implemented
a set of process-integrated BAT measures but not necessarily all and not necessarily to their full
extent and biological wastewater treatment as well.
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Example Reported achieved emission levels after biological treatment (annual averages) Type of wastewater
pulp mills COD BOD; AOX TSS Total P | Total N Flow treatment
[kg/Adt] | [kg/Adt] | [keg/Adt] | [kg/Adt] | [kg/Adt] [kg/Adt] [m3/Adt]
Gratkorn, AU 39 2.6 -,- (TCF) 2.8 0.028 0.018 50 Anaerobic +activated
Magnefite sludge with pure O,
Mill 1, DE 22 0.9 -,- (TCF) 1.8 0.04 0.28 61 Anaerobic +activated
sludge with pure O,
Mill 2, DE 23 0.5 -,- (TCF) n./a. 0.04 0.3 80 Anaerobic +activated
sludge
Mill 3, DE 36 1.55 |-,- (TCF) n./a. 0.015 0.085 55 Anaerobic +activated
sludge (data for 1998)
Mill 4, DE 11° n/a |-, (TCF) n./a n./a n./a n./a Flocculation of the bleach
plant effluents+ trickling
filter + activated sludge
Neusiedler, 30 1.7 - 1.7 0.047 0.053 48 Activated sludge
Kematen, AU (TCF)

n/a. = no data available (TSS is no control parameter for pulp mills in DE because it is already part of the unfiltered COD)
Notes:

1) Tot N for German pulp and paper mills include only inorganic nitrogen compounds.

2) Cooling water and other clean water are discharged separately and are not included.

reduction rate of 70% for the effluents from the pulp mill.

3) Calculated value. The mill has an integrated annual production of 26000 bleached sulphite pulp and 171170 folding boxboard. The mills
produces oxygen bleached GW on site. According to mill experiences it is assumed that the wastewater treatment plant achieves a COD

Table 3.15: Examples of achieved emission levels to water after biological treatment of well
performing existing pulp mills in Europe (reference year: 1997)

The list of mills is a selection of mills where data were available or provided and is therefore not
intended to be complete. The data were provided by the TWG Members or gained from personnel
communication. The method of analysis is the one used in the respective country

Assuming adequate design and capacity of the wastewater treatment plant and appropriate
operation and control by skilled operators the following discharge after biological treatment is
generally achievable:

Parameters Units Bleached sulphite’
COD kg/ADt 20-30°
BOD ke/ADt 1-2
TSS ke/ADt 1.5-2.0
AOX ke/ADt 8)
Total P kg/ADt 0.02 - 0.05
Total N kg/ADt 0.15-0.5
Process wastewater amount ° m’/ADt 40-55"°
Notes:
1) Emission levels for non-integrated and integrated bleached sulphite pulp mills
2) Because of higher kappa number after cooking for magnefite process the BAT associated level is 35 kg COD/Adt
3) Cooling water and other clean water are discharged separately and are not included.
4) Process water from the paper mill in integrated sulphite pulp mills is not included

Table 3.16: Emission levels associated with the use of a suitable combination of best available
techniques after biological treatment

For integrated sulphite pulp mills this figures refer only to the pulp produced. The emissions from
papermaking have to be considered separately (see Chapter 6 papermaking). The water circuits
however are linked and the water flow can not be simply be added

Table 3.16 should be read together with the following additional explanations:
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Chemical oxygen demand (COD): The reduction rate for COD is related to the types and
amounts of effluents treated (e.g. condensates are more degradable than spills), the
construction and hydraulics of the treatment plant and appropriate adjustment of the
operating parameters. To be regarded as well performing plant the COD reduction rates in
aerobic treatment should exceed 55%.

Consequently, emission levels of 20 - 30 kg COD/ADt can generally be achieved by
bleached sulphite pulp mills. The concentration measured in effluents of these mills is in the
range of 400 - 600 mg COD/1.

The most common reasons for less performing activated sludge plants are chosen design
and overload.

Biological oxygen demand (BOD:s , ;): In well designed treatment plants BOD is removed
almost completely (95% removal) from pulp mills wastewater when the carbon-phosphorus-
nitrogen ratio and oxygen supply is maintained sufficient and well controlled. In case of
disturbances or if some of the running parameters are moving away from the target level,
the BOD concentration in effluents will start to increase. This calls for adjustment of the
running parameters and/or analysis of the biomass. The BOD concentration in the effluent is
related to the control of system and can be used as an indicator of the health of the active
biomass.

The BOD concentration in treated effluents of 20 -30 mg/l is achievable. Depending on the
water flow this corresponds to 1.0 kg BODs/Adt (at 20 mg/l and 55 m® flow/Adt) and 1.7 kg
BODs/Adt respectively (at 30 mg/1).

Total suspended solids (TSS): Under normal operation conditions, the water from the
secondary clarifier is fairly clear. The content of suspended solids is in the range of 20 to 30
mg/1. This corresponds to discharges of 0.8 - 2.0 kg TSS/Adt (at a water flow of 55 m*/Adt).
The values depend on the surface load of the secondary clarifier and the characteristics of
the biomass.

Adsorbable organic halogen (AOX): TCF mills discharge virtually no chlorinated
organics (no formation in bleaching).

Phosphorus and nitrogen (Tot-P and Tot-N): Mineral nutrients are usually added to the
biological treatment plant to keep the balance C : P : N which is of crucial importance for
the growth of active biomass. It is necessary to find and keep a balance between incoming
N- and P-compounds that are available for biomass and the amount of nutrients added
which requires a certain fine-tuning of the nutrient feed. Often, pulp mills do not add
phosphorus to their wastewater whereas nitrogen addition (usually as urea) is essential for
pulp mills. When the system is well optimised the phosphorus discharge of below 0.5 mg
tot-P/l and below 5 mg tot-N/l are achieved. The corresponding loads are 0.02 - 0.05 kg
P/Adt and 0.15 - 0.5 kg N/Adt respectively (at a water flow of 50 m*/Adt).

To ensure a continuously well running wastewater treatment plant an emergency basin to
protect the biomass from toxic or hot concentrated liquors and an equalisation basin to equalise
load and flows can be beneficial.

Measures for reducing of emissions to air

1.

Collection of concentrated SO, releases and recovery in tanks with different pressure levels
SO, releases from washing and screening operations and from vents of the evaporators can
be recovered by collecting the gases and introducing them in the recovery boiler as
combustion air.

Control of SO, emissions from the recovery boiler by use of electrostatic precipitators and
multi-stage scrubbers for abatement of flue gases and collection and scrubbing of various
vents.
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4. Reduction of odorous gases by efficient collection systems. This gases can be either burned
in the recovery boiler or washed in a separate washer (back-up system)

5. Emission optimised recovery boiler by controlling the firing conditions

6. Reducing SO, emissions from auxiliary boilers by using bark, gas, low sulphur oil and coal
or controlling S emissions

7. Installation of low-NOx auxiliary boilers (bark, oil, coal) and controlling combustion
conditions

8. Cleaning of the auxiliary boilers (in which other biofuels and/or fossil fuels are incinerated)
flue gases with efficient electrostatic precipitators to mitigate dust emissions.

9. Emission optimised incineration of residues (sludge from wastewater treatment, bark) with
energy recovery

A combination of these techniques result in a range of emissions for the major source, the
recovery boiler, as shown in Table 3.17. Not all examples stand for European sulphite pulp
mills that are well performing in sulphur or NOx reduction, or both. However, some of the mills
have implemented a reasonable set of these techniques. In all mill cases the gaseous emissions
are cleaned with modern gas cleaning equipment as electrostatic precipitators and multi-stage
scrubbers (4 to 6 stages). Process related emissions cover recovery boiler and fugitive emissions
as far as they are collected and burned in the recovery boiler.

It should be noted that a direct comparison of the achieved emission levels between countries is
difficult due to uncertainties in the basis of data (lack of harmonisation in the methods of
analysis and calculating emissions).

Reported emissions to the atmosphere from sulphite pulp mills (annual averages)
Examples of Emission of gaseous Emission of NOx (sum of
sulphite pulp sulphur from the recovery | NO and NO, calculated as Remarks
mills boiler (SO,) in kg S/Adt NO,) from the recovery
boiler in kg NOx/Adt
Mill 1, DE 0.95 2.7 5-stage scrubber
Mill 2, DE 0.7 2.2
Mill 3, DE 1.5 2.8
Mill 4, DE 0.75 1.1
Mill 5, DE 1.1 2.2
Neusiedler, AU 0.13 1.5 Ammonia injection
Hylte, SE 0.6 1.1
Utansjo, SE 1.46 0.85 Use very little oil on the RB
Nymélla, SE 1 1.84 Started to use urea injection on one
of the two RB (30% reduction)

Explanatory notes:
n/a. = no data available; RB = Recovery boiler
The emissions from auxiliary boilers are not included in the figures "total from process"

Table 3.17: Examples of achieved emission levels to air of some existing pulp mills in Europe
(reference year: 1997 for the German mills and 1998 for Austrian and Swedish mills)

The total emissions do not include the auxiliary boilers. The list of mills is a selection of mills where
data were available or provided and is therefore not intended to be complete. It contains rather
mills from different pulping countries in Europe. The method of analysing is the one used in the
respective country

Depending on the type of the specific process-integrated measures implemented and the
technical character of the mill the following atmospheric process emissions associated with the
use of BAT can be generally achieved:
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Parameters Units Bleached sulphite
pulp mills
TSP kg/ADt 0.02-0.15
SO,as S kg/ADt 0.5-1.0
NO, as NO, kg/ADt 1.0-2.0

Table 3.18: Emission levels from the pulping process (recovery boiler and fugitive emissions)
associated with the use of a suitable combination of best available techniques (emissions from any
auxiliary boiler are not included)

Table 3.18 should be read together with the following additional explanations. As far as
concentrations of emissions are given they refer to daily averages and standard conditions of
273 K, 101.3 kPa and dry gas. The reference oxygen content is 5% for recovery boilers.

Dust emissions: In sulphite pulp mills, emission of particulates is controlled by electrostatic
precipitators and multi-stage scrubbers. Dust emissions for recovery boilers between 5 - 20
mg/Nm’® or 0.02 - 0.15 kg TSP/ADt (with a gas flow of 6000 - 7000 m*/ADt) can generally be
achieved by use of ESP and scrubbers.

SO, emissions: Reduction of SO, emission from flue gases by absorption in alkaline liquid is
considered BAT. A removal efficiency for SO, of 95 + % is achievable. From recovery boilers
equipped with multi-stage scrubber SO, emissions between 50 - 150 mg S/Nm® or 0.3 - 1.0 kg
S/ADt are achievable.

NO, emissions: The emission of nitrogen oxides can be controlled by burner design (low NOy
burners) and modified combustion conditions (primary methods). The design of the recovery
boiler (staged air feed systems) can result in relatively low NO, concentrations. Achievable
emission levels are in the range of 200 - 300 mg NO/Nm’ or 1.0 - 2.0 kg NOx/ADt
respectively.

Secondary methods as selective non-catalytic reduction (SNCR) are usually not in operation.
However, there are available.

Odorous gases: Pulp mill odorous gases are collected and incinerated in the recovery boiler. A
back-up system is considered as BAT.

Auxiliary boilers

Depending on the actual energy balance of the mill, the type of external fuels used and the fate
of possible biofuels as bark and wood-waste additionally there are atmospheric emissions from
auxiliary boilers to consider. Emission levels associated with BAT from auxiliary boilers
incinerating own biofuels and different fossil fuels are given in Table 3.19. The total releases to
air are very site specific (e.g. type of fuel, integrated or market pulp mill, production of
electricity).

It has to be noted that auxiliary boilers within the pulp and paper industry are of a very variable
size (from 10 to above 200 MW). For the smaller only the use of low-S fuel and combustion
techniques can be applied at reasonable costs while for the larger also control measures. This
difference is reflected in Table 3.19. The higher range is considered BAT for smaller
installations and is achieved when only quality of fuel and internal measures are applied; the
lower levels (in brackets) are associated with additional control measures like SNCR and
scrubbers and are regarded as BAT for larger installations.
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Released substances Coal Heavy fuel Gas oil Gas Biofuel
oil (e.g. bark)

mg S/MIJ fuel input 100 -200 ! 100 —200 ! 25-50 <5 <15

(50 - 100)° (50-100)°
mg NO/MJ fuel 80-110° 80—110"2 45-60 * 30-60° 60100 2
input (50-80 SNCR)® | (50-80 SNCR)® (4070 SNCR)’
mg dust/Nm’ 10-30° 10-40* 10-30 <5 10-30*

at 6% O, at3 % 0, 3% 0, 3% 0, at 6% O,
Notes:

sulphur could be achieved with injection of calcium carbonate.
2) Only combustion technology is applied
3) Secondary measures as SNCR are also applied; only larger installations
4) Achieved values when electrostatic precipitators are used

5) When a scrubber is used; only applied to larger installations

1) Sulphur emissions of oil or coal fired boilers depend on the availability of low-S oil and coal. Certain reduction of

Table 3.19: Emission levels associated with the use of BAT for auxiliary boilers using different fuels

In a modern non-integrated mill the heat generated from black liquor and incineration of bark
exceeds the energy required for the entire production process. However, fuel oil will be needed
at certain occasions like start-ups.

Solid waste

1. Minimisation the generation of solid waste and recover, re-cycle and re-use these materials
as far as possible.

2. Separate collection of waste fractions at source and, if necessary, intermediate storage of
residuals/waste to make possible an appropriate handling of remaining waste products (e.g.
utilisation outside the plant)

3. Incinerating all non-hazardous organic material (bark, wood waste, effluent sludge, etc.) in
an auxiliary boiler, specially designed for burning of moist, low calorific value fuels (as e.g.
fluidised bed boilers)

4. External utilisation of residuals/waste as substitutes in forestry, agriculture or other
industries, if possible

It should be noted that there is little detailed and reliable information available on achievable
amounts of solid wastes. There is a lack of statistical data and various terms for different waste
fractions are used in Europe. Some countries report only those solid waste - primarily inorganic
solid wastes - which no longer can be recycled or reused, but have to be disposed off to landfill.
This implies that all the organic wastes, which have a reasonable heating value and/or which can
be incinerated without the risk of hazardous emissions in the auxiliary boiler of a mill are
already excluded from the given solid waste amounts (bark and wood waste, primary and
biosludge from wastewater treatment). Hence, the solid waste disposed of at landfill comprises
mainly boiler ashes, sludge, some wood and bark waste, rejects and miscellaneous cleaning and
mixed household-type wastes. Other mills burn all organic waste fraction including the sludge
in a on-site wate incinerator. Those mills have very low amounts of waste to be land-filled, if
any.

Because of the lack of sufficient information on that matter it is not possible to present
achievable values on the amount of non-hazardous solid waste to be land-filled. To give an
indication about the amount of solid waste that might be expected at sulphite pulp mills that
apply BAT the example of an Austrian integrated bleached sulphite pulp mill operating an on-
site wate incinerator can be mentioned. In this case, the remaining solid waste after incineration
is 3.2 kg DS/Adt (100% DS) that can be further utilized. It is assumed that bark and other wood
residues as well as the mixed sludge from wastewater treatment are burned. Energy (steam) is
recovered for the pulp production.
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A small amount of hazardous waste is generated in all mills. Such waste include oil and grease
residues, used hydraulic and transformer oils, waste batteries and other scrap electrical
equipment, solvents, paints, biocide and chemical residues, etc. Normally they amount to about
0.05-0.1 kg/t of product.

Energy saving measures

In order to reduce the consumption of fresh steam and electric power, and to increase the
generation of steam and electric power internally, a number of measures are available.

1. Measures for reducing heat losses and for low heat consumption:
- High dry solids content of bark

- High efficiency of steam boilers, e.g. low flue gas temperatures
- Effective secondary heating system e.g. hot water about 85 °C

- Well closed-up water system

- Relatively well closed-up bleaching plant

- High pulp concentration (MC-or HC technique)

- Use of secondary heat to heat buildings

- Good process control

2. Measures for low consumption of electric power

- As high pulp consistency as possible in screening and cleaning
- Speed control of various large motors

- Efficient vacuum pumps

- Proper sizing of pipes, pumps and fans

3. Measures for a high generation of electric power

- High boiler pressure

- Outlet steam pressure in the back-pressure turbine as low as technically feasible
- Condensing turbine for power production from excess steam

- High turbine efficiency

- Preheating of air and fuel charged to boilers

The effect of this energy saving measures can often not be easily been shown in form of values
because improvements depend on the situation of the mill before the measures were
implemented.

In many European countries, information on energy balances of whole pulp and paper mills is
poorly available in public. In Europe, different reporting schemes are used. Energy balances
also depend to a certain extent on local conditions. Therefore the ranges of energy consumption
of pulp mills shown in Table 3.20 should only be taken as an indication about the approximate
need of process heat and power at energy efficient sulphite pulp mills. Further examples of
energy efficient sulphite pulp mills including the specific conditions might be possible to add in
a reviewed version of the BREF.
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uncoated fine paper

Type of mill Process heat Power consumption Remarks
consumption (net) in (net) in MWh/ADt
GJ/ADt
Non-integrated
bleached sulphite 16 —18 07-0.8
pulp
Integrated bleached Paper drying is more
sulphite pulp and 17-23 1.5-1.75 energy consuming
coated fine paper than pulp drying
Integrated bleached Fillers and surface
sulphite pulp and 18 - 24 12-15 size 10 - 30%

Notes:

The units can be converted from MWh to GJ according to ] MWh =3.6 GJ and 1 GJ =0.277 MWh

Table 3.20: Energy consumption associated with the use of BAT for different types of production
per tonne of product [data from Jaakko Poyry, 1998]

Chemical usage

1. Availability of a database for all used chemicals and additives containing information on the
chemical composition of the substances, degradability, their toxicity for men and

environment and potential of bioaccumulation.

2. The principle of substitution is applied i.e. less hazardous products are used when available.

W

Prevention of inputs of hazardous substances into soil and groundwater

4. Measures to prevent uncontrolled development of normal operation and to reduce the
consequences of accidents

3.5 Emerging Techniques

No emerging techniques identified. The short description of new pulping processes using
organic solvents (organosolv pulping), which are described under Section 2.5 may also be
considered by sulphite pulp mills. However, since none of the proposed organosolv processes
have been implemented successfully in full scale, it is too early to make a conclusive judgement
on that process alternative.
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4 MECHANICAL PULPING AND CHEMI-MECHANICAL
PULPING

In mechanical pulping the wood fibres are separated from each other by mechanical energy
applied to the wood matrix causing the bonds between the fibres to break gradually and fibre
bundles, single fibres and fibre fragments to be released. It is the mixture of fibres and fibre
fragments that gives mechanical pulp its favourable printing properties. In the mechanical
pulping the objective is to maintain the main part of the lignin in order to achieve high yield with
acceptable strength properties and brightness. Mechanical pulps have a low resistance to ageing
which results in a tendency to discolour.

The main processes and techniques are Stone Groundwood Pulping (SGW), Pressure Groundwood
Pulping (PGW), Thermo-Mechanical Pulping (TMP) or Chemi-Thermo-Mechanical Pulping

(CTMP). The main raw materials, yields on wood and end-uses of pulps are summarised in Table
4.1.

Pulping Process Raw materials Yield on wood Typical end-uses

Groundwood pulp Spruce and fir 95-97 % Printing & writing papers
(softwood) and newsprint

TMP Spruce and fir 93-95 % Printing & writing papers
(softwood) and newsprint

CTMP Dominantly spruce, but 90-94 % Printing & writing papers,
also aspen and beech, tissue and packaging
NaOH, SO, and H,0, boards

Table 4.1: Main raw materials, yields and end-uses of mechanical pulps

Figure 4.1 gives an overview over the mains steps in mechanical pulping

RELEASES TO AIR
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Figure 4.1: Main steps in Mechanical Pulping
[Guidance Note IPR 6/9]
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There are two main processes used for the manufacturing of mechanical pulping. In the stone
ground wood process (SGW) or in the pressurised ground wood process (PGW) logs are pressed
against a rotating grinder stone with simultaneous addition of water. Refiner Mechanical Pulps
(RMP, Thermo-Mechanical Pulps = TMP) are produced by defiberizing wood chips between
disc refiners. The elements causing the mechanical action - grits on a pulp stone in the grinder
and bar edges on a steel disc in the refiner - will give the resulting pulps a typical blend of fibres
and fibre fragments. Groundwood pulp has a higher proportion of fine material and damaged
fibres giving the pulp good optical and paper-surface properties. The more gentle treatment in
the refiners produces a higher yield of intact long fibres which gives the pulp higher strength,
which is valuable in furnishes for products with a high requirement on runnability.

The characteristics of the pulp can be affected by increasing the processing temperature and, in
the case of refining, by the chemical treatment of the chips. Both steps will increase the energy
consumption as well as the pollutant level because of a lower pulping yield. The chemi-thermo-
mechanical-pulping process (CTMP), in which the wood is pre-softened with chemicals, is
generally considered to be a mechanical pulping technique since the chemicals principally
soften the lignin prior to the mechanical stage rather than fully dissolve it out as in true chemical
pulping processes.

Most mechanical pulping is integrated with paper manufacture. Mechanical pulp is typically
included in a paper furnish to increase the opacity of the paper product.

4.1 Applied Processes and Techniques

4.1.1 Groundwood Pulping

Groundwood pulping consists of a fibre line, reject handling and auxiliary systems. The latter are
e.g. storage of chemicals and auxiliary steam and power generation.

The main unit processes of manufacturing of groundwood pulp are shown in Figure 4.2 [CEPIL,
1997b]. Groundwood pulp mills are in practice always integrated with a paper mill and therefore
the pulp is normally not dried with a drying machine.

Wood Paper

WOOD SCREENING PAPER
T uanpunb 7| GRINDING | |anp cLeanine] THICKENINGf——> BLEACHING}— vacHine I

POWER REJECT

HANDLING
| = OPTIONAL UNIT

Figure 4.2: Groundwood pulping process

41.1.1 Wood Handling

The logs required for the groundwood process are obtained by thinning out forests and are
usually 10-20 cm in diameter. If the wood for mechanical pulping is stored, drying should be
prevented, e.g. through storage in water or sprinkling of log piles. This may require water
collection systems in the wood yard in order to avoid discharge of organic substances
collectively characterised as COD and toxicity. The bark has to be removed before the logs are
processed. In debarking of pulpwood debarking takes usually place in drums where the contact
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between rolling logs and water debarks them. Water is used in debarking often for de-icing and
washing of wood in the debarking drum.

41.1.2 Grinding

The initial defibration takes place in grinders by forcing logs against special rotating grinding
stones with the wood fibres parallel to the axis of a stone, producing a pulp at around 2%
consistency. The grinder stones used are as a rule of the ceramic-bound type and have to be
resharpened periodically.

Most of the energy put into the grinding process is transformed into heat. Wood is warmed and
by presence of enough water lignin bonds are softened and fibres are released from the grinding
surface. Grinding stones are cooled with shower water that is used also for disintegration of fibres
and transportation to the next process stages. Therefore, for this process the availability of water is
of basic importance (heat dissipation and friction reduction of the fibres).

The specific energy requirement (kWh/t) for groundwood production is an important process
parameter e.g. an increase in the specific energy requirement is always linked with better
strength properties, but also with a lower drainage capacity (freeness).

The superior strength properties of refiner mechanical pulps, especially for TMP, forced further
development of the conventional grinding process for competitiveness reasons. The Pressure
Grinding Process (PGW) was developed where the grinding process takes place at overpressure
(up to around 3 bar). That allows the process to be operated with white water temperatures of
95°C and grinder pit temperatures of 125°C. The more intensive softening of lignin associated
with this temperatures results in improved groundwood qualities (higher strength) but the
technical and financial requirements are considerably higher. Subsequently low-pressure steam
is generated when the pulp is de-pressurised. The recovered low-pressure steam is mainly used
for the production of warm process water. Another, relatively inexpensive method to improve
the quality of groundwood is the thermogrinding process (TGW). In this process the heat losses
which result from evaporation in the grinding zone are reduced and the process temperature is
optimised without using over-pressure but stability controllers.

4.1.1.3 Screening and Cleaning

All mechanical pulps contain undesired components such as large, insufficiently pulped fragments
(e.g. coarse rejects) and the shives that consist of many fibre bundles. The shives have to be
removed because they reduce the strength and the printing quality of the paper.

A screening installation consists of various stages in order to reduce the strain on subsequent
installations and to save most of the acceptable components contained in the rejects. The screening
out of the coarse rejects is easy to perform, but the removal of the shives requires a more elaborated
technique. The shive content of unscreened mechanical pulp may be as high as 5% depending on
the process used. The purpose of screening is to remove the shives to a large extent and, at the same
time, to keep the simultaneous screening out of valuable long fibres as low as possible.

The coarse rejects are removed from the main pulp stream by vibrating flat screens equipped with
perforated plates. Hammer mills or pulpers are used for the reduction of the coarse rejects. The
retained coarse shives are usually added to the rejects of the fine screening system for further
processing by means of filtration through pressure screens which retain shives above a certain size
depending on the type of paper required.
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The screening process is carried out at high dilutions (below 1 % dry content). The fine screening is
followed by a centrifugal separation of fibres and other particles with different specific weights
(centricleaners). Separated rejects of the last stage are thickened and treated with special reject
handling equipment like reject refiners and are then recycled to the screening process (secondary
screens and centricleaners). Accepted pulp from reject handling stages can be recirculated back to
the main fibre line. Final rejects are discharged from the process as solid wastes. Depending on the
reject handling concept the dry solids content of these wastes may vary between 5-30 % [CEPI,
1997b]. The screening reject rate may be as high as 30% of the inflow and in case of groundwood
the energy requirement for screening, thickening and refining the screen rejects are significant
(accounting for about 25% of the total energy).

The screened and cleaned mechanical pulp is thickened by use of disc filters or thickening drums
and then stored in tanks and storage towers.

4.1.2 Refiner Mechanical Pulps

The objective of the refiner process is the same as that of groundwood manufacturing, i.e. the
softening of lignin bonds and fibrillation of the wood fibres.

In refiner mechanical pulping, chips are ground between steel discs with bar patterns in a
refiner. Depending on the quality, the refining can be repeated in a second-stage and sometimes
even a third-stage refiner. The forces from the impact of the bars cause the chips to break down
into fibre bundles, individual fibres and fibre fragments. With the progressing treatment the
impact also modifies the walls of the individual fibres. Most of the applied energy (friction
work) transforms into heat, which flashes part of the moisture in the chips. To prevent the wood
from burning in the refining zone, cooling (dilution) water has to be added. The refiners
normally operate at a high discharge consistency (25-50%). The large quantity of steam released
in the refining process is normally captured in a heat recovery system for further use.

In the original refiner pulping process (RMP), which is hardly used today, chips were refined at
atmospheric pressure. Because of the low temperature the process produced a high amount of
damaged fibres but the optical properties of the RMP pulp were relatively good. To improve the
pulp quality, process modifications aiming at increased softness of the wood in the refining zone
have been applied. These included the preheating of chips (TRMP and TNP) or pressurisation of
the refiner (PRMP). These processes produce pulps of slightly higher strength and reduced
shive level at almost unchanged optical properties.

A more dramatic strength improvement and shive reduction is gained in the TMP process
(4.1.2.1), where the chips are heated under pressurised conditions and the refining is also
pressurised.

Mild chemical pre-treatment of the chips also enhances the softening of the wood and improves
the properties of pulp produced by refining at atmospheric pressure (CRMP) or pressurised
refining (CTMP, 4.1.2.2).

With stronger chemical treatment and refining at atmospheric pressure, pulps with high-strength
properties can be produced from both softwood and hardwood. These mechanical pulps (CMP)
are comparable to semi-chemical pulps.
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4.1.2.1 Thermomechanical Pulping (TMP)

Thermomechanical pulping consists of a fibre line and auxiliary systems. The latter are e.g. reject
handling, storage of some chemicals and auxiliary power generation. The main unit processes of
manufacturing of TMP are shown in Figure 4.3.
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Figure 4.3: Schematic of the TMP process and emissions
[SEPA Report 4713-2, 1997]
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In the following only the TMP process itself i.e. the main unit processes that have to be
distinguished from groundwood pulping from an environmental point-of-view are described in
more detail. For screening and cleaning, reject handling, thickening and bleaching of mechanical
pulps it is referred to the corresponding paragraphs of Section 4.1.1 and 4.1.3.

In the thermo-mechanical pulping (TMP) process washed and screened wood chips are
subjected to thermal pretreatment, and the disintegration and defibration process is carried out in
a series of disc refiners at overpressure.

A certain amount of wood can be delivered as woodchips from sawmills. Sawmill and other off-
site chips require only screening and storage in the woodhandling. If barked roundwood is used
wood is first debarked and chipped. Chips for mechanical pulping must not contain stones, sand,
scrap metal or other hard contraries that may cause wear or damage to the refiner plates. In most
chips refining processes the chips are therefore washed to remove contraries before refining.
This results in a reject from the chip washer as water effluent.

After chipping and washing, the raw material is preheated with steam and then refined either in
a single stage at an elevated temperature and pressure or in a two-stage refining system in which
the first stage is followed by a second refining stage under pressure or at atmospheric pressure.
The pulping of screen rejects is often carried out in the second stage refiner. Part of the organic
substances of the wood is dissolved in water and discharged from the process either from the
mechanical pulp plant or from the paper machine side.

A large share of the comparatively high amount of electric energy required in refiner
mechanical pulping is converted into heat as steam that is evaporated from wood moisture and
dilution water in the refiners. Because of the pressurised conditions (excess pressures of up to 5
bar), in many mills, a significant amount of the steam generated may be recovered, cleaned
through heat-exchanger to produce clean process steam, e. g. for the use in paper drying. A part
of the energy of the released steam may also be recovered as hot water. After refining, the pulp
is discharged and diluted, screened and cleaned. After screening follows dewatering and storage
in a big pulp tower at high consistency. The application of more mechanical energy instead of
chemical dissolution results in more pronounced fibre fragmentation and formation of fine
material. The significance of water in the mechanical pulping processes implies that fresh wood
is to be preferred as raw material. If the wood for mechanical pulping is stored, drying should be
prevented, e. g. through storage in water or sprinkling of log piles. This may require water
collection systems in the wood yard in order to avoid discharge of organic substances
collectively characterised as COD and toxicity. The use of chips makes refiner-based pulping
somewhat more versatile with regard to the supply of the raw material.

Since the wood loss during the TMP manufacturing is very low and most of the wood material
is converted into pulp, the heat value of the wastewater in a TMP mill is too low to be recovered
in the same way as in a chemical pulp mill (black liquor). This implies that external effluent
treatment of the wastewater is normally necessary in a TMP mill.

TMP is nearly almost always produced in connection to a paper mill due to the possibility of reuse
the heat from refiners for production of steam and better energy efficiency. Therefore, TMP is not
normally dried with a drying machine.

4.1.2.2 Chemi-mechanical Pulping

The addition of chemicals in the refiner process has become important because wood chips can
be impregnated very easily. The mild chemical pre-treatment of the chips enhances the
softening of the wood and improves the properties of pulp produced by refining at atmospheric
pressure (CRMP) or pressurised refining (CTMP). The latter combines the TMP process with a
sulfonation of the wood chips. In most cases chemical pre-treatment increases release of
pollutants as a consequence of the yield loss caused by the chemical treatment. Different kinds

168 Pulp and Paper Industry



Chapter 4

of treatment are used for different wood species and the properties of the CTMP can be varied
to a great extent by changing the amount and the nature of the chemicals. The chemi-mechanical
pulping methods produce clean pulps of sufficient strength and acceptable optical properties and
can be used as the main fibrous component in printing paper, packaging board and hygienic
paper furnishes.

Chemi-mechanical pulping consists of a fibre line and auxiliary systems. The latter are e.g. reject
handling, storage of some chemicals and auxiliary power generation. The main unit processes of
manufacturing of CTMP can be seen in Figure 4.4.

w— Fibre

—— Water RECOVERED STEAM

-~ Sludge ¢
- Rejects

HEAT RECOVERY

FEED WATER

1. WASHING

IMPREGNATION
CHIP STORAGE CHIP WASHING
AND SCREENING

/// /r’/ t
/4 4
V4 < iy
= NazS03 REFINING

EXCESS PROCESS WATER
<

__T°FLOTATION

SLUDGE CLARIFIER

2. WASHING 3. WASHING
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, MEapa
: SCREENING ¢ EANING.., REJECT :
L H M PRESS :
1 ooy |,
; ; ‘ P : BLEACHING
T ik : al :: E ﬂ
5 ; - i
FLEPUPL U] aepn :

REJECT

HOT WATER

Figure 4.4: Schematic of the CTMP process
[By courtesy of a Finnish mill, 1998]

The CTMP process combines the TMP process with a chemical impregnation of the wood chips.
In the following only the CTMP pulping process itself is described i.e. only the main unit processes
that has to be distinguished from TMP pulping. For screening and cleaning, reject handling,
thickening and bleaching of mechanical pulps it is referred to the corresponding paragraphs of
Section 4.1.1 and 4.1.3.

After debarking, chipping, chip washing and screening the wood chips are first impregnated in an
impregnation tower where the chips are immersed in an alkaline chemical solution. Sodium
sulphite (Na,SOs3) is mostly used for softwoods, and lately alkaline peroxide has been
predominantly used for hardwoods. After chemical impregnation the chips are pre-warmed and
their temperature increases further in the 1-2 stages refining machines (rotating refining plates)
resulting in softening of lignin bonds and fibres are released. The manufactured CTMP is mixed
with recycled process water, which is used also for disintegration of fibres and transportation to the
next process stages.

A further development of the CTMP process is the CMP process. With stronger chemical
treatment and refining at atmospheric pressure pulps with high strength properties can be
produced from both softwood and hardwood. After chemical impregnation the chips are cooked
in a temperature ranging from 70-170 °C. The cooking time depends from the process and can vary
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between 15 minutes to a couple of hours. Different kinds of treatment are used for different wood
species. Optical properties are drastically reduced and the yield can fall below 90%.

Both the increase in the refining temperature and the use of chemicals (alkaline treatment)
increase the generation of pollutants as a consequence of the yield loss in refiner mechanical
pulping. In most cases chemical pre-treatment increases the energy consumption. Optical
properties are drastically reduced and CMP can only form a minor part of the furnish for
printing papers.

CTMP is often produced in connection to a paper or board mill due to the possibility of reuse the
heat from refiners for production of steam and better energy efficiency. However, CTMP is
sometimes manufactured as market pulp and dried with a flash dryer up to 90 % dry solids content.

4.1.3 Bleaching of Mechanical Pulps

With the increased demand for high-brightness paper and board, the bleaching of mechanical
pulps has become more common. The bleaching of mechanical pulp is in principle totally different
than that of chemical pulps because it is based on lignin-saving methods instead of lignin-removing
ones. The bleaching of mechanical pulps aims at changing chromophoric groups of lignin
polymers into a colourless form. Thus, the bleaching of pulp increases primarily the brightness of
pulp with minimum losses of dry solids and overall yield from wood. The effect is not permanent
and the paper yellows to an extent with time. As it does not result in permanent brightness gain
bleached mechanical pulp is more suitable for newsprint and magazine paper than for books or
archive papers. The lignin-saving bleaching is carried out in 1-2 stages depending on the final
brightness requirements of the pulp. The bleaching stages are distinguished according to the
bleaching agent applied

Reductive bleaching uses sodium dithionite (Na,S,0;)

In dithionite bleaching (symbolic shorthand: S) organic material is not dissolved from the pulp.
Typically using 8 to 12 kg dithionite per tonne of pulp this technique results in a minimal yield
loss and brightness can be increased by up to 12 units from an initial brightness level of 58-70
ISO to about 70 - 76% ISO [Finnish BAT Report, 1997]. A suitable pH value is 5.6 to 6.5 and a
temperature up to 70°C accelerates the bleaching process. Residual dithionite in the pulp can
cause corrosion with metallic components downstream in the process. In most mills a metal
chelating agent (e.g. EDTA, DTPA) is used to prevent degradation of the dithionite. The
consistency in conventional hydrosulphite bleaching is 3-5%. Medium consistency (MC)
pumping has made it possible to bleach at 10-12% consistency with increased efficiency.

Oxidative bleaching using peroxide (H,0,)

The yield drop in peroxide bleaching (symbolic shorthand: P) is approximately 2%, mainly due
to the alkalinity during the bleaching that results in an increasing dissolving of organic
substances out of the wood (and in an increase of pollution load).

Peroxide bleaching influences the pulp properties - in addition to increased brightness, the
strength of the pulp improves, the content of extractives is reduced and the water uptake
capacity improves. When applying the maximum economical amount of peroxide an increase in
brightness of up to 20 units to 78 - 84% ISO can be achieved [Finnish BAT Report, 1997]. The
bleaching process results in lower brightness in the presence of heavy metal ions. Therefore,
chelating agents (e.g. EDTA, DTPA) are added before bleaching to form complexes with heavy
metals (Fe, Mn, Cu, Cr), which prevents the pulp from discolouring and the peroxide from
decomposing. EDTA and DTPA contain nitrogen, which will show up in the wastewater.
Introduction of a washing stage between pulping and bleaching is effective in reducing the
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problematic metals and can thus reduce the amount of chelating agent needed and improve the
effectiveness of the applied peroxide. The bleached pulp is finally acidified with sulphuric acid
or sulphur dioxide to a pH of 5 - 6. Modern peroxide bleaching is conducted at a consistency
level of 25 - 35%.

The two bleaching processes are also used as a combination of the two. A higher final
brightness can be reached with peroxide bleaching than with dithionite bleaching but with
reduced opacity. The achievable pulp brightness is dependent on the initial pulp brightness that
in turn is feedstock and process related. In particular it is not only the wood species but also the
degree of decay of the pulpwood, which is important.
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4.2 Present Consumption/Emission Levels
4.2.1 Overview of input/output

An overview of raw material and energy input and the output of products, residues for further
utilisation and major releases (emissions, waste etc.) of mechanical pulp and paper mills is
presented in Figure 4.5.
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Energy steam and electricity generation
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Figure 4.5: Mass stream overview of an integrated mechanical pulp and paper mill
The presence of some of the substances depend mainly on the paper grade and paper properties to
be achieved and the type of energy supply
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Consumption and emission levels for raw materials used and emissions generated from a whole
mill are compiled below. Mechanical pulp mills are mostly integrated with paper production.
Furthermore, very often different fibre sources are mixed for the manufacturing of a given paper
as for instance chemical pulp, mechanical pulp and de-inked pulp may be mixed and in case of
printing papers a relatively high amount of fillers and coatings are used.

Therefore, typical consumption and emission levels for whole mills given in

Table 4.2 and Table 4.3 are related to integrated mechanical pulp and paper mills. They are
presented to give a quick overview about the materials used and to provide guidance about the
environmental impact to be expected. They are not representative in a sense that the given
values cover the whole range of observed values in Europe but represent rather case studies of
this type of mills.

The overall consumption and emission levels of an integrated wood-containing paper mill
manufacturing coated printing paper (ULWC, LWC and HWC) from TMP are given in

Table 4.2. This mill uses a mix of raw materials as fibre materials consisting of 60% TMP
manufactured on site and 40 % purchased pulp (bleached kraft pulp and in a minor quantity de-
inked pulp).
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Input Output
Raw materials Value Unit | Product Value | Unit
Wood chips from sawmills ” 361 kg/t Printing paper 1000 | kg/t
Purchased pulp 259 kg/t Excess energy 132 kWh/t
Pigments (kaolin, talc, CaCO5) 343.5 kg/t Emissions
Bleaching chemicals/additives 27 kg/t | CO,? kg/t
Additives for paper production ) 4.6 kg/t COy, revencrative %) kg/t
Additives for upgrading of paper %) 57.3 kg/t NOx N g/t
Chemicals for raw water treatment 4.2 kg/t co? g/t
Biocides No data | kg/t SO,” g/t
Dust g/t
Energy COD 2.7 kg/t
Natural gas 294 kWh/t | BOD;s 0.17 | kg/t
Fuel oil ca. 3.2 kWh/t | Suspended solids g/t
Purchased electricity 1852 kWh/t | AOX <04 | gt
Purchased steam 1140 kWh/t | Nitrogen 24 g/t
Phosphate 4.3 g/t
Water demand Wastewater flow 14.1 m’/t
Surface water 22 m’/t Cooling water 12 m’/t
Well-water 4.4 m’/t Residues
Drinking water (sanitary facilities) 0.2 m’/t Rejects and sludge (dried 46 kg/t
to 75 % moisture)
Saw dust 8.8 kg/t
Metal scrap 2.5 kg/t
Hazardous waste (e.g. used 0.3 kg/t
oils, mixtures of solvents)

Explanatory notes:

1) The fibrous material is referred to t absolute dry, i.e. without moisture. In fact, the average moisture content of the
raw material used is 50 % for wood chips, 9 % for purchased kraft pulp, 45 % for DIP and 0.2 % for pigments.
The moisture content of the final product is about 4 - 5 %.

2) Additives are expressed as commercial solutions containing various amounts of water. As bleaching chemicals are
used: 30 kg/t H,O,, 15 kg/t NaOH, 15 kg/t sodium silicate and 3 kg/t DTPA. As additives are used: 43 kg/t
synthetic binders (latex), < 8 kg/t starch, 1 kg/t retention agent (polyacrylamide), fixing agents, poly DADMAC,
hardness stabilisers, various biocides

3) Emissions to air could be calculated from the emissions generated at the external power plant (principle of
combined heat and power) that supplies power and steam to the paper mill. The whole electricity required for the
TMP plant and 75% of heat needed for the whole site is based on external supply. Natural gas is used for infrared
drying. Fuel oil is only used for heating of the buildings.

Table 4.2: Yearly average values (reference year: 1997) of consumption and emission levels from a
German mill for the manufacturing of wood-containing printing paper (LWC, ULWC, HWC)
based on oxidative bleached TMP (60 % of the fibrous material)

Total production of the mill: 370000 t/a printing paper; The effluents are treated in a two-stage
biological treatment (activated sludge)

The overall typical consumption and emission levels of a CTMP mill are given in Table 4.3.
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Input Output
Raw materials Value Unit Product Value Unit
Wood 1090 kg/t CTMP pulp 1000 kg/t
Na,SO; 25 (20-30) | keg/t Excess energy 600 - 1200 7 | kWh/t
DTPA 2 (1-25) kg/t Emissions
Bleaching chemicals (H,O,) | 10-40 kg/t NOx 250 g/t
Chemicals for raw water 0-2 kg/t SO, 240 g/t
treatment
Sodium silicate 8-30 kg/t Dust 50 g/t
COD 15 (12 - 25) kg/t
BOD; 1 (0.5-2) kg/t
Suspended solids 0.5(0.1-2) kg/t
Energy AOX 0 g/t
Wood residuals 600 kWh/t Tot-N 400 (300-500) g/t
Fuel oil 200 kWh/t | Tot-P 10 (5-50) g/t
Purchased electricity 1800 (1500- kWh/t | Wastewater 20 (10-30) m’/t
3000)
Cooling water 0-20 m’/t
Residues
Water demand Rejects and sludge 30 (15-40) kg/t
Surface water [20(10-30) [ m'it Ashes 7 kg/t
Hazardous waste (e.g. 10 kg/t
used oils, mixtures of
solvents)

Note:

used in the paper machine.

1) The figures refer to the case that no drying is applied i.e. integrated pulp and paper production. The heat energy may be

Table 4.3: Yearly average values of consumption and emission levels from Finnish CTMP mills

The values refer to a non-integrated mill built in 1985 with some modernised equipment;
production capacity: 110000 t/a bleached CTMP (CSF 400) for hygiene papers. The values in
brackets reflect typical levels from CTMP mills. The effluents are treated in a biological treatment
plant (activated sludge)

4.2.2 Consumption and emission levels arising from process units

In mechanical and chemi-mechanical pulping the wastewater effluents, the relatively high
consumption of energy that is often generated on site and rejects and sludge from different parts
of the manufacturing process and above all from the wastewater treatment plant are centres of
environmental concern.

The most relevant consumption of raw materials and emissions to water, air and soil (waste) as
well as energy aspects are discussed below covering the following aspects:

- Wood consumption

- Water use

- Wastewater emissions

- Emissions to the atmosphere from: refiners, energy generation and bark boilers.
- Solid waste generation

- Consumption of chemicals

- Use of energy

- Noise

As for the reported emission and consumption figures, it should be borne in mind that, due to
the use of some different measurement methods in the various Member States, data are not
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always strictly comparable from country to country. (See Annex III for more information on this
issue but the different methods used do not alter the conclusions drawn in this document).

4.2.21 Wood consumption

In the production of groundwood pulps wood has to be delivered as logs due to the construction of
grinding machines. In TMP and CTMP pulping processes wood is used as chips and therefore both
processes can use roundwood or chips from sawmills, woodpanel or particleboard industries.

High yields are characteristic for mechanical pulping where the losses occurring during the process,
mainly in the form of dissolved ligneous substances, are low. The use of wood is normally
between 2.4 m’/ADt and 2.6 m’/ADt for groundwood, 2.3 m*/ADt and 2.8 m’/ADt for TMP and
2.8 m’/ADt and 3.0 m*/ADt of chemithermomechanical pulp [CEPI, 1997b].

4.2.2.2 Water use

In mechanical pulping processes the water systems are usually quite closed in order to maintain
high process temperatures. Fresh water is only be used for sealing and cooling as surplus
clarified waters from the paper machine are usually used to compensate for the water leaving
the circuit with the pulp (5-10 m*/tonne of pulp) and the rejects. For a TMP mill sources of
emissions to water are wood handling, cleaning and bleaching (see Figure 4.3).

Most of the mechanical pulp mills are integrated mills i.e. their water and energy management is
closely linked to the paper mill that manufactures different coated or uncoated paper grades.
Typical ranges of overall water consumption for GW, TMP and CTMP processes are shown in
Table 4.4.

Pulping process m’/ADt of pulp
Groundwood 5-15
TMP 4-10
CTMP 15-50

Table 4.4: Water consumption in mechanical pulping
The water consumption of the paper mill is not included

In Figure 4.6 the sources of emissions to water and main substances of concern from a CTMP
mill are shown. Strict counter-current water system is applied i.e. clean wash water is used for
the last wash press and led towards the fibre flow. The high-polluted filtrate from the first press
is send to effluent treatment. The liquid stream after separation of the fibres may be treated by
flotation to take out solids from water before sending them to wastewater treatment plant as
well. Sealing and cooling waters are collected and used as process water. If the volume of the
white water tank is sufficient i.e. no addition of fresh water is needed to keep the tank levels a
consumption of about 10 m® fresh water per tonne of pulp is required. If the properties of the
final product require a low content of extractives (in case of board pulp or fluff pulp) or fines (in
case of fluff pulp) some more fresh water may be needed. On the other hand an internal
treatment of the white water from the first washing stage by use of a flocculation/ flotation unit
results in water consumption below 10 m’/t. The flocculation-flotation unit removes extractives
and fines and about 40 - 50 % of the COD.
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4.2.2.3 Wastewater emissions

Figure 4.6 gives an overview about the emissions to water from CTMP mills.
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Figure 4.6: Emissions to water from a CTMP mill

Emissions to water are dominated by oxygen consuming organic substances that are lost in the
water phase in the form of dissolved and dispersed organic substances. A yield of 92-97 %
means that 30-80 kg /tonne of the wood in form of solid and dissolved substances are lost
during processing. The yield is dependent on the energy input and the temperature in the
process and on the use of chemicals. Wood species, seasonal variations and storage conditions
of the wood also influence the amount of dissolved solids. During mechanical pulping, the
stability of the cellulose and the lignin is not affected, but simple carbohydrates, hemicelluloses,
lignins, extractives (e.g. fatty and resin acids), proteins and inorganic substances including
nitrogen and phosphorus are dissolved and dispersed in the process water.

With a decreasing yield and increasing temperature the organic load of the water from pulping
increases.

Typical specific loads measured such as BODs, COD and nutrients (phosphorus and nitrogen)
for different pulps are listed below.
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Pulping process Yield BODs COD Nitrogen Phosphorus
[%] [kg/t] [kg/t] [g/t] [g/t]
GW 96-97 8.5-10 20-30 80-100 20-25
PGW 95-96 10-13 30-50 90-110 20-30
PGW-S 95-96 11-14 45-55
RMP 95-96 10-15 40-60 90-110 20-30
TMP 94-95 13-22 50-80 100-130 30-40
CTMP 92-94 17-30 60-100 110-140 35-45
(bleached (91-93) (25-50) (80-130) (130-400) (50-60)
CTMP)

Table 4.5: Typical specific loads such as BODs, COD and nutrients in water from the mechanical
pulping of Norwegian spruce (Picea abies) before external treatment

[Finnish BAT Report, 1997 and figures in brackets based on personal information from Finnish
CTMP mills]. BOD, has been converted into BODs; by use of the formula BOD;/1.16 = BODs
proposed within the same report

If mechanical pulp is bleached in an alkaline peroxide step the releases of organic pollutants
increase significantly due to the alkalinity during the bleaching. The yield loss in connection
with peroxide bleaching is 15-30 kg/tonne corresponding to an additional load of approximately
10-30 kg O,/tonne measured as COD respectively. The upper values of the table above are
related to peroxide bleached mechanical pulps. Whereas in TMP mills using only hydrosulphite
as bleaching chemical COD levels of 2500 - 3000 mg O,/l have been measured referring to a
water flow from the TMP mill of 3-4 m’/t (paper machine not included). A groundwood mill
has reported COD concentrations before treatment between 1700 and 2000 mg O,/1.

The discharge of nitrogen in mechanical pulping originates from the wood and chelating agents
(e.g. EDTA; DTPA) used in bleaching. A dosage of 2-3 kg EDTA/tonne of pulp results in an
additional discharge of 150-220 g nitrogen/tonne of pulp. The discharge of phosphorus depends
on the wood. Emissions of nutrients (nitrogen and phosphorous) are low but may have a
negative impact due to eutrophication.

About 20-30% of the bark (referred to dry bark) is water-soluble of which 50-60 % consists of
phenolic substances and about 25% soluble carbohydrates. Depending on the storage of wood
carboxylic acids and alcohols might also be found in effluent from the debarking plant. Some
compounds discharged from mills show toxic effects on aquatic organisms before treatment as
e.g. some of the extractive components like resin acids that may be leached from bark in the
wood handling. The wastewater from debarking is usually treated together with other
wastewater streams in external treatment plants.

Additives used for papermaking may cause a measurable part of the organic discharge after
treatment because some substances are heavily degradable.

Emissions of coloured substances may affect the living species in the recipient negatively, since
the water transparency is decreased.

The releases after treatment from the mills depend mainly on the design and operation of the
processes that cause the major part of discharges and the wastewater treatment plant applied.
The efficiency of biological wastewater treatment at mechanical pulp mills resembles that of
chemical pulp mills. The COD reduction is however normally higher at levels between 70 and
90%. Moreover, at several plants tertiary treatment is employed which polishes the effluent
thereby reducing discharges further. This is particular true for pollutants associated with TSS.
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Pulping Flow BOD; COD tot-P tot-N TSS
process m’/t kg/t kg/t g/t g/t kg/t
CTMP 8-40 0.5-9 12-30 5-50 200-500 0.1-12
TMP 15-25 0.2-1.7 2-8 5-15 60-160 0.5-1.5

Table 4.6: Emissions achieved with activated sludge treatment at mechanical pulp mills
[Comments from Swedish EPA and information from Finnish CTMP mills]

Much higher values are reported elsewhere for mills employing less effective effluent treatment.

For CTMP plants there are a few alternatives how to treat the wastewaters: the activated sludge
treatment in one or two stages with or without a chemical treatment; internal treatment of the
first stage white water plus activated sludge treatment for other effluents; evaporation and
burning of the most contaminated wastewater and activated sludge treatment of the rest; a
combination of anaerobic and aerobic treatment of wastewater. Today the activated sludge
treatment is the most common technique and if properly designed a BOD-reduction of 98% and
a COD-reduction of 85% is easily reached. The reason why the anaerobic treatment is not used
more commonly for CTMP mill effluents is that anaerobic systems are relatively sensitive to
disturbances.

There are an increasing number of paper mills in Europe that manufacture and use not only one
single type of pulp but different types of pulps at one site. For instance, a paper mill
manufacturing mainly newsprint and SC printing papers may use a combination of raw
materials like mechanical pulp (groundwood and TMP), de-inked pulp from recycled papers and
a certain amount of purchased chemical pulp. In this type of mills the water system is closely
linked between the different processes. A German paper mill that manufactures newsprint and
SC papers from 45000 t TMP/a, 85000 t/a groundwood, 220000 t/a DIP, 45000 purchased kraft
pulp and 93000 pigments has reported organic pollutants before treatment as 14 kg COD/t and
6.3 kg BODs/t respectively. After biological treatment in an activated sludge system the
following values have been measured: COD: 3.4 kg/t, BODs: 0.1 kg/t, total water flow: 12 -13
m’/t; nitrogen: 0.2-4.2 mg/1, phosphate: 0.3-1.3 mg/l, AOX: 0.11 mg/1.

4.2.2.4 Emissions to the atmosphere
Volatile Organic Carbons (VOC)

Atmospheric emissions from mechanical pulping are mainly linked to emissions of VOC.
Sources of VOC emissions are evacuation of air from chests from wood-chips washing and
other chests and from sparkling washer where steam released in mechanical pulping processes
contaminated with volatile wood components is condensated.

The concentrations of volatile organic compounds depend on the quality and freshness of the
raw material (wood) and the techniques applied. The emitted substances include acetic acids,
formic acids, ethanol, pinenes and turpenes. A German TMP mill has reported the following
concentrations of organic substances before external treatment:
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Process stage Emission of organic substances
Sparkling washer - total organic C: 6000 mg/m’
(highest individual value: 9600 mg/m°)
- pinenes ": 13000 mg/m’

Washing of wood-chips - total organic C: 300 mg/m’
- pinenes ": 500 mg/m’
Evacuation of air from other chests - total organic C: 150 mg/m’
- pinenes " 50 mg/m’

1) Mostly pinenes (CoH¢) but also including other volatile organic substances of class III of the
German Technical Instructions on Air Quality Control; if the total mass flow is > 3 kg/h the mass
concentration shall not exceed 150 mg/m’

Table 4.7: Emissions of volatile organic compounds from a German TMP mill before treatment
A CTMP mill reported 200 g terpenes per tonne of pulp before treatment

There are different options to reduce the VOC emission. Recovery of turpenes from those
contaminated condensates that contain mainly turpenes or incineration of the exhaust gas in the
on-site power plant or a separate furnace are available alternatives. In that case, about 1 kg
VOC/t of pulp is emitted from the process. Some VOCs may be released from wastewater
treatment and unquantified emissions also occur from chip heaps.

An overview of the emissions to the atmosphere from a CTMP mill is shown in Figure 4.7.
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Figure 4.7: Emissions to the atmosphere from CTMP mills

The atmospheric emissions originate mainly from chip impregnation and steam recovery
(VOCs) and the bark boilers where wood residuals are burned (particulates, SO,, NOx).

Emissions from energy generation

Like in other pulp and paper mills, mechanical pulping generates emissions to the air that are
not process- related but mainly related to energy generation by combustion of different types of
fossil fuels or renewable wood residuals. The fossil fuels used are coal, bark, oil and natural gas.
In a typical integrated paper mill that uses mechanical pulp high-pressure steam is generated in
a power plant. The energy is partially transformed into electricity in a back pressure turbo-
generator and the rest is used in paper drying. The power plants burning solid fuels have
electrostatic precipitators for the removal of particulates from the flue gases. The emission of
sulphur dioxide is limited by using selected fuels. Depending on the local conditions there are
paper mills in Europe using different amounts of energy from external supply.
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Emissions from bark boilers

For refiner mechanical pulps the removed bark is usually burned in bark boilers. Together with
the bark parts of the rejects and sludge might be incinerated. There are some mechanical pulp
mills that use no roundwood as raw material but wood chips from sawmills.

4.2.2.5 Solid waste generation

The solid waste removed from the mechanical pulping processes consists of bark and wood
residues from the debarking, washing and screening of chips (about 1.5 % reject), fibre rejects
(primary sludge), ash from energy production and excess sludge from external biological
wastewater treatment. The wood-containing residues are usually burned in the bark boiler.
Ashes are usually disposed off or used in the building material industry.

The biggest waste fraction consists of different types of sludge mainly fibre containing primary
sludge and excess sludge from biological wastewater treatment. The amount of waste for
disposal can be reduced by increase of the de-watering performance of the sludge press. If the
sludge has to be transported for further treatment e.g. incineration it is reasonable to dry the
sludge with excess heat from the process (e.g. hot air) up to 75 % dry solid content.

The options for further use depend on the quantities and qualities of the sludge produced.
Primary sludge may be used as additional material in the brick industry or may be incinerated
on or off site. For suitable solutions for further treatment of sludge and rejects it is reasonable to
held different types of sludge separately.

A chemical analysis of primary and secondary sludge from a German mechanical pulp and
paper mill showed the following results:

Parameter Unit Primary Excess sludge
sludge

Dry solid content | % 47.9 31.7
Volatile solids % DS 33.2 48.3
TOC % DS 19 23
Arsenic mg/kg DS 1.6 2.3
Lead mg/kg DS 41 22
Cadmium mg/kg DS <0.67 <0.67
Chromiumyy, mg/kg DS 24 17
Copper mg/kg DS 238 71
Nickel mg/kg DS 5.7 7.5
Mercury mg/kg DS 0.08 0.09
Zinc mg/kg DS 141 135

Table 4.8: Composition of primary sludge from sedimentation tanks and composition of excess
sludge from the activated sludge plant
Report from a German mechanical pulp mill (GW & TMP)

4.2.2.6 Consumption of chemicals

The main chemicals used for mechanical pulping are bleaching chemicals and in case of CTMP
the chemicals used for impregnation of the wood chips.
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If dithionite bleaching is applied (NaHSO;) a maximum charge of dithionite of about 8 to 12 kg
per tonne of pulp is mixed to the pulp. In most mills a metal chelating agent (e.g. EDTA,
DTPA) is added.

Oxidative bleaching with peroxide (H,O,) is carried out in the pH range of 10-10.5. The pH has
to be adjusted with sodium hydroxide (NaOH). The maximum economical amount of peroxide
is 3 - 4% (50% solution) of the amount of pulp. Sodium silicate is added (1.5 - 4 % of the
amount of pulp) to buffer the pH and stabilise the peroxide. Chelating agents (e.g. EDTA,
DTPA) are used to form complexes with heavy metals (Fe, Mn, Cu, Cr), which prevents the
pulp from discolouring and the peroxide from decomposing. The dosage of chelating agents is
about 5 kg per tonne of pulp. EDTA and DTPA are heavily degradable and contain nitrogen,
which will show up in the wastewater. The bleached pulp is finally acidified with sulphuric acid
or sulphur dioxide to a pH of 5-6.

The ranges of chemicals used vary largely because they depend on the main process used for
bleaching of the mechanical pulp. For instance, if reductive dithionite bleaching is used H,0,,
NaOH, NaSiO;, H,SO,/SO, are not used at all ("0"). Furthermore, the quality of the wood is an
important factor. The pulping of chips from shavings from saw mills result in a lower initial
pulp brightness (5 - 6 points lower) than the pulping of wood chips from fresh round-wood.
Therefore, the latter needs less bleaching chemicals to achieve a comparable brightness. For
fresh pulpwood less polluting reductive bleaching might be sufficient.

Substances Amount of chemicals | Amount of chemicals | Amount of chemicals
used for GWP [kg/t] used for TMP [kg/t] | used for CTMP [kg/t]

NaHSO; 0-12 0-12 -

H,0, 0-30 0-40 0-40

NaOH ? 0-20 0-25

NaSiO; 0-40 0-40 0-40

EDTA/DTPA 0-5 0-5 0-5

H,S0,/SO, - - 0-10

Na,SO; - - 25-30

Table 4.9: Consumption of main chemicals in kg/t for bleached grades of mechanical pulp
All chemical consumption are expresses as commercial solutions containing various amounts of
water

In integrated mechanical pulp mills a lot of other additives may be used depending on the final
paper product (further information on the use of additives can be found in ANNEX I).

4.2.2.7 Energy use

The specific energy consumption in mechanical pulping is dependent on the particular pulping
process, the properties of the raw material and, to a large extent, the quality demands on the
pulp set by the end product. The freeness value (Canadian Standard Freeness = CSF)
characterises the drainage properties of the pulp and is usually used for specifying the quality of
the pulp. A low freeness value indicates a slow draining pulp with a high degree of fibrillation.
For the manufacturing of a pulp with lower freeness (better strength) the energy input in the
grinding or refining is increased. Besides the drainage properties, the distribution between long
fibres and fine material in a specific pulp and the softness of the fibres is controlled by the
energy input. The type of paper and board in which mechanical pulp is used determine the
requirements for freeness, brightness and other properties. Wood containing printing paper, €.g.
LWC, SC magazine paper (freeness 20-60 ml CSF) and newsprint (freeness 80-150 ml CSF) are
the most common products. The pulps are also used in paper board (freeness 450-750 ml CSF),
tissue (300 ml CSF) and fluff (700 ml CSF).
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Only a portion of the mechanical work put into the grinder or refiner is used to liberate the
fibres in the wood. The rest of the applied energy is converted through friction into heat and
some of this can be recovered as hot water or steam that can be used for drying of the final
product. The greatest potential for energy recovery from mechanical pulping is limited to that
part of the process carried out under pressure. The amount of recoverable energy is not a
constant percentage of the total energy input over the range of freeness because e.g. lower
freeness pulp involves more secondary or tertiary refining at atmospheric pressure. Typical
ranges of energy consumption and recovery rates are shown in Table 4.10.

Mechanical pulp and | Energy consumption Recoverable energy
freeness, ml CSF (KkWh/t of pulp) as hot water [%] as steam [%]

GW 350-30 1100-2200 20

PGW  350-30 1100- 2200 30 20
PGW-S 350-30 1100-2300 30 20

RMP  350-30 1600-3000 30 20

TMP  400-30 1800-3600 20 40-45
CTMP 700-30 1000-4300 20 40-45

Table 4.10: Energy consumption and recovery of energy in mechanical pulping

[TEKES, 1997]. Energy consumption refers to oven dry (100%) pulp. These figures are only
average numbers, which may deviate £10%, due to local mill circumstances and also due to
measuring inaccuracies

Thus, for instance for groundwood, the energy consumption ranges from about 1100 kWh/t at
CSF 350 to about 2000 kWh/t at CSF 40 with no energy recovery. The PGW variant consumes
from about 1300 kWh/t at CSF 300 to about 2300 kWh/t at CSF 40 but up to 30% of the gross
energy input may be recovered as hot water by exchanging against the hot pulp. Up to 30% of
the energy may be recovered as hot water with RMP and up to a total of 60-65% for TMP as hot
water and steam. With TMP operating at about 6 bar pressure the process produces up to 2
tonnes of steam per tonne of pulp or about one tonne of steam per MWh of the refiner.
Generally, the amount of recovered steam depends on the specific energy consumed and is some
2 tonnes per tonne of pulp at a pressure of 2 to 4 bar.

Generally TMP consumes more energy than groundwood pulping. For instance, groundwood
pulp used for SC paper and newsprint production consumes in total about 2200 kWh/t and 1600
kWh/t respectively, whereas TMP consumes about 3600 kWh/t and 2500 kWh/t respectively.

Table 4.11 shows the energy consumption in the form of heat and electric power in a Swedish
TMP mill with a production of 500000 t/a newsprint and Table 4.12 shows the energy balance
for the same mill.
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Department Process heat  Electric power
[MJ/t] [kWh/t]

Wood handling 150 50

Refining 0 2110 "

Washing and screening 0 50

Bleaching 0 75

Bleach chemical preparation 0 5

Bleached stock screening 0 35

Power boiler 0 25

Total pulp mill 150 2350

Stock preparation 0 235

Paper machine 5300 2 350

Total paper mill 5300 585

Effluent treatment 0 39

Total per tonne of paper 5450 2974

Notes:

1) From a Finnish integrated TMP mill higher electricity consumption in the range of 2400
kWh/t was reported for the refining stage (including reject refining) and a lower value of
4800 MJ/t process heat consumption for the paper machine respectively [Finnish comments].

2) A Swedish newsprint mill reports a heat demand of about 4 GJ/t for drying paper, a need that
will be reduced by about 10% with a future shoe-press installation.

Table 4.11: Energy consumption in an integrated mill with a production capacity of 500000 t/a
newsprint from TMP
[SEPA Report 4712-4, 1997]

A modern Finnish integrated CTMP mill reported the following figures for electric power
consumption: wood handling 20 - 30 kWh/Adt, refining (CSF 450) 1600 - 1900 kWh/Adt,
bleaching and screening about 500 kWh/Adt. In total about 2100 - 2400 kWh/Adt are required.

Department Heat Electric power
[MJ/t] [kWh/t]

Pulp mill

Recovered steam, only for process use " +1500

Power boiler, process steam +1500

(only own bark)

Turbine generator +100

External supply 0 +2289

Consumption -150 -2350

Effluent treatment 0 -39

Excess energy from pulp mill +2850 0

Paper mill

Consumption -5300 -585

External supply +2450 +585

Total external supply 2450 2874

Notes:

1) From the Finnish paper maker point of view the heat recovery of TMP process is
significantly higher. For an integrated 250000 t/a newsprint mill based on TMP a heat
recovery value (recovered steam) of 3450 MJ/t was reported. Thus, in this case there is no
need for external supply of heat [Finnish comments]

Table 4.12: Energy balance for an integrated Swedish mill manufacturing 500000 t/a of newsprint
from TMP
[SEPA Report 4712-4, 1997]
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The energy balance and the degree of heat recovery depend amongst other things on the energy
prices in the given country. If the energy from the public grid is relatively cheap mills may only
run a small power plant for steam production (e.g. a bark boiler) that is needed for the paper
machine and the TMP mill will be operated with purchased electricity. The recovered energy
from the refiners will be sufficient to produce the heat needed for a second paper machine.
Countries with comparatively higher prices for electricity tend to install bigger power plants for
power generation on site resulting in generating a surplus of heat (less heat recovery).

In Table 4.13 the values for energy consumption of a Finnish non-integrated CTMP mill are
compiled.

Department Heat Electric power
[MJ/t] [KWh/t]
Pulp mill
Recovered steam, only for process use + 2700
External supply 0 +1650
Consumption 0 -1600
Effluent treatment 0 -50
Excess energy from pulp mill +2700 0
Pulp dryer
Consumption -5600 - 150
Steam boiler (wood residuals & fuel oil) +2900 + 150
Total external supply 2900 1800

Table 4.13: Energy balance for a non-integrated Finnish CTMP mill (CSF 400 ml)

4.2.2.8 Noise (local)

The debarking plant and to less extent the paper machine and the refiners generates noise that
can be controlled by carefully insulating the debarking house. Trucks and other vehicles used to
transport the huge amounts of raw materials and products respectively can cause noise in the
vicinity of the mill.
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4.3 Techniques to consider in the determination of BAT

In this paragraph all relevant techniques currently commercially available for prevention or
reduction of emissions/waste and reducing consumption of energy and raw materials, both for
new and existing installations are given. This list of techniques is not exhaustive and may be
continued when reviewing this document. The techniques cover in-process measures and end-
of-pipe technology as well and stands for possibilities for improvement to achieve integrated
prevention and control of pollution.

In Table 4.14 an overview of techniques for reduction of emissions from mechanical and chemi-
mechanical pulping are given. In the rows the single available techniques are compiled.

It was tried to give possible cross-media effects of every measure in the same table. It can be
concluded that it is not an easy task to describe cross-media effects in a way that would not
cause any dispute. There are a lot of "grey-zones" in the assessment of cross-media effects.
Furthermore, they may depend on other techniques, which may be linked to a given measure,
the reference to which a technique is compared with and the system boundary taken into
account. Therefore, the qualitative assessment of cross-media effects should only be taken as
help for operators or inspectors in order to give them an indication, which side-effects of a
measure might possibly occur. It is not much more than a starting-point when considering
possible shifts of pollution. The results of the assessment should not be considered as
imperative. Furthermore, prevention and control measures can avoid some of the cross-media
effects. The cross-media effect will also depend on the specific conditions of every mill.
Therefore, a general statement can hardly be given.

However, the table may indicate at which environmental media (water, air, waste, energy) a
measure is aiming at. The corresponding paragraphs under the detailed discussion of every
technique give further explanations.

Mechanical pulp mills are, with very few exceptions, integrated with a paper mill. Therefore,
there is a certain overlapping between mechanical pulping and stock preparation on the one
hand and papermaking and associated processes on the other. In these cases cross references to
the respective chapters will be given. This especially true for water use and circulation
respectively. They can not be described separately from the paper mill.

Finally, some of the measures and principles for improvement environmental performance can
be applied to paper mills using mechanical pulp as furnish as well as to other paper mills. These
points will be noted with cross references as well to avoid unnecessary repetition and to show
similarities and differences between the production of different paper grades.

In the columns the tendency of effects caused by different techniques on emissions, raw
material consumption and the mill performance are indicated qualitatively by using arrows up
"1" and down "1". The arrows down "|" indicate savings of raw materials or energy and a
reduction of emissions into the different media water, air and soil. Arrows up "1" indicate an
increase of emissions, consumption and impacts on the production process. Some of the
measures for pollution prevention and control presented in this section concern more than one
environmental medium (as water, air or soil) at a time. Some techniques may have a positive
and/or negative impact on other environmental media or on raw material and energy
consumption (cross-media-effects). The given effects will be noted by using the arrows. An
arrow in brackets "(1)" means only a slight - often negligible - increase of energy consumption,
raw material use or emission to environment when implementing a certain measure. The
economic aspects (investments, operational costs) are not included in the table but are explained
in the text. Data on economics can only give a rough picture and indicate the levels of costs.
They will vary with the design of the whole plant and depend among others on the size of the
mill and how a measure fits together with other mill equipment.
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Each technique is provided with a reference mark, which helps to identify the according section
in the text where each single technique is discussed in detail.

Techniques to consider in the
determination of BAT

Effects on the consumption and emission levels (cross-media effects)

Chemical Energy (E) & water [ Emission Emission| Solid Remarks
consumption | (W) consumption to water to air waste
4.3.1 Emission control from the wood yard 0 0 ! 0 0
4.3.2 Dry debarking 0 E1tin | cob, 0 0
debarking | TSS,
Wi | flow
4.3.3 Minimisation of reject losses 0 E | ! 0 !
4.3.4 Minimisation of disposal of rejects 0 E | 0 (T ) !
incineration
E 1 dewatering
4.3.5 Efficient washing and process control ! bleaching |(1 )washing ! 0 0 mainly CTMP
(electr.)

4.3.6 Water recirculation in pulp and paper 0 W | ! 0 0

mill
4.3.7 CTMP mill effluent treatment. Closing 0 L (W), 1 (E) ! (T ) ! Only CTMP

up the water circuits by use of evapo- ’

ration and burning the concentrates
4.3.8 Installation of Co-generation of heat 0 E | 0 ! 0

and power
4.3.9 Heat recovery from refiners 0 E 0 ! 0
4.3.10 Abatement of VOC emissions from 0 0 0 ! 0

steam releases
4.3.11 Emission optimised incineration of 0 E | 0 (T ) !

solid waste and energy recovery
4.3.12 Use of sufficiently large puffer tanks 0 0 ! 0 0 Mainly CTMP

for storage of concentrated or hot liquids
4.3.13 Biological wastewater treatment Solid  waste
1 E1 ! L odour | (1) can be burned

4.3.14 Tertiary wastewater treatment 1 Et ! 0 (T ) Solid  waste

can be burned

Notes:

1 =increase; | = decrease; O = no (or negligible) effect; (1) or (1) = low influence depending on the conditions

Table 4.14: Overview of available techniques in mechanical and chemi-mechanical pulping mills
and their impact on the environment and the mill performance respectively

4.3.1 Emission control from the wood yard

No data yet received.

This technique is considered to be relevant for mechanical pulping because wood for
mechanical pulping needs to be kept fresh so that it doesn't dry. Often the wood logs are
sprinkled with water to avoid drying out.

4.3.2 Dry debarking

Refer to 2.3.1
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4.3.3 Minimisation of reject losses by using efficient reject handling
stages

Description of the technique:

There are basically two methods available for separation of contaminants from the pulp:

= centrifugal cleaners or centricleaners, where particles heavier than fibres are separated
= pressure screens equipped with holes or slots, where oversized material is separated.

The rejects from both centricleaners and pressure screens also contain a large amount of fibre
material. This material is recovered by adding several screens or centricleaners in series. With
this arrangement considerable amounts of raw material can be saved and in the suspended solids
load to the effluent treatment reduced.

Pulp Screening and Cleaning

The screening process in mechanical pulping has another objective than in chemical pulping,
where the reject can be withdrawn from the fibre line. The purpose is instead mainly to separate
the material and after proper treatment return it back to the main fibre line. The reject treatment
is mill specific and many solutions are possible. Often the screening and cleaning systems are
based on cascading principles. These systems have the disadvantage of being less controllable
than feed forward systems.

The pulp is cleaned and screened with pressure screens and centricleaners. Screening is carried
out with holes (diameter 1-2 mm) or slots (0.15-0.35 mm wide) at a concentration of 1.3 % or
higher. The operating at 3 % accepts consistency has in some cases resulted in reduced shives
content of 60 % compared to conventional low consistency screening technology.

Centricleaners are often used as supplement to screens. The rejected material is different from
the screening reject, being stiff particles with small specific surface. The main drawback with
centricleaners is the low pulp consistency (0.5-0.7 %) which corresponds to water volumes of
150 -200 m*/ADt. But most of this water can be recirculated and used for other purposes in the
pulp mill. Many mills today reconsider centricleaners in the pulp line and consider as an
alternative centricleaners in the paper mills.

Reject refining

In order to return screened and cleaned rejects to the main fibre line, they are usually refined in
1-2 stages between rotating refining plates. The initial break-up of the coarse fibre bundles in
the refiner take place in the breaker-bar zone, where the oversize material is turned into single
fibres. The fibres pass into a thin gap by the centrifugal forces and are intensively treated at high
pulp consistency (30-45 %).

The reject amount can be in the range of 20-30 % and the energy consumption about 10-40 % of
the overall specific energy demand in the mechanical pulping. If efficient reject recovery and
recycling is required, TMP-lines can be designed for e.g. 20 % reject refining calculated from
the capacity of the fibre line.

Final screening and cleaning rejects that cannot be returned to the fibre line are discharged from
the process as solid wastes or incinerated in a boiler.

An important issue is how the rejects from a screen are brought back to the main fibre line. In
cascade coupling after separation the rejects are recycled to a point ahead of the withdrawal
(counter-currently). This will produce a high volume of circulating waters, especially in systems
with high reject flows. The advantage with cascade coupling is that the risk of too high shive
content in the accept flow is minimised.

Applicability and characterisation of the measure: Addition of cleaning stages and reject
refining can be applied at both new and existing mills.
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Main achieved environmental performance: Reduction of fibre losses and decrease of waste
generation by some percent. The reduction rate depends on the stage of raw material use
efficiency before measures for improvement were taken.

Cross-media effect: Reject refining increase power consumption. The steam from a reject
refiner is normally not recovered. On the other hand, rejects have already passed the very
energy intensive first refining stage so that in total energy will be saved when reducing the
reject losses. Therefore the net energy balance of this measure is positive. Residues from the
process are decreased.

Economics: Investment costs for 700 ADt/d pulp capacity are typically 0.8 - 1.1 MEuros and
operating costs 0.3 - 0.5 MEuros/a.

Driving force for implementing the technique: The driving force to adopt this measure is to
increase raw material and energy efficiency. Secondly, TSS load to the effluent treatment plant
that is usually recovered in the sedimentation tank is reduced.

Reference plants: Numerous plants in Europe.

Literature
[CEPI, 1997b]

4.3.4 Minimisation of disposal of rejects to landfill by incineration with
energy recovery

Description of the technique: Rejects and sludge that is generated during pulp manufacturing
and water treatment must be de-watered before final disposal or further treatment. Dewatering is
carried out by means of wire presses or screw presses. Dewatering aims at removing water from
the sludge as far as possible. Different types of mechanical equipment are available for this
operation.

= Belt presses (Twin wire presses)
= Screw presses
=  Decanter centrifuges

Most new installations during the last 10-15 years have been belt presses, which have a reliable
function and produce fairly high dry solid values, 40-50 % with fibre sludge and 25-40 % with
mixed fibre/biological/(chemical) sludge.

Screw presses can be used in two ways, either to increase the dry solid content after belt press
dewatering, when approximately 10 % dry solid increase can be obtained or direct dewatering
when higher dry solid content can be obtained compared to belt-press dewatering.

After de-watering the sludge and rejects can be incinerated for further reducing the amount of
wastes from mechanical pulping to landfill disposal. The following options are available:

= Incineration together with bark in bark boilers.
= Separate sludge incineration.

For co-combustion, particularly of rather low dry solid sludges, the fluidised bed boiler is
presently best for new installations. This can be run with 100 % sludge, although the use of a
support fuel is more common (like coal or oil). The requirement of the support fuel depends on
the dry solid and the ash content of the sludge. Generally, at least 35-40 % dry solid is required
for spontaneous combustion.
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Separate sludge incineration with moving-grate stoker equipment has also been successfully
utilised.
For detailed discussion of incineration with energy recovery it is referred to section 4.3.11.

Applicability and characterisation of the measure: The incineration in bark boilers has been
tested and applied in full scale in a number of mills. The grate-type bark boilers can be
converted to fluidised-bed ones, but unfortunately with substantial investment and shut-down
costs.

Separate incinerators are also proven technology, but they consume usually lot of support fuel
and standard sludge incinerators do not have a heat recovery part which means that no steam or
electrical power can be produced.

As far as sludge dewatering is concerned, all types of presses have been used with good results.
An increasing application of screw presses has been observed for some years, due to an
increasing interest in sludge incineration, requiring high dry solid values, but involving also
additional investment costs.

Main achieved environmental performance: Depending on the reject handling concept the
wastes from rejects can be reduced significantly. Usually there are only ashes from incinerators
that can either be landfilled or used for other purposes (e.g. building industry)

Cross-media effect: With incineration in bark boilers, the energy content exceeding the
evaporation of water in rejects can be recovered.

In sludge dewatering, water emissions are increased through the dewatering of the sludge,
which usually are led to the activated sludge system. They have to be considered when planning
the effluent treatment. Energy generation is related to dry solids content of the dewatered sludge
if the sludge is incinerated.

Operational experience: These processes have been used several years in modern mills.
Incineration in bark boilers is more common than in separate incinerators due to the poor heat
economy of the latter alternative.

Economics: Investment costs for a new sludge and reject incinerator are about 5-7 MEuros and
operating costs 0.5 - 0.6 MEuros/a corresponding a pulp production of 700 ADt/d. Grate-fired
boiler retrofit to a fluidised-bed boiler would cost approximately 10-15 MEuros, and operating
costs would be 0.3 - 0.4 MEuros/a.

Driving force for implementing the technique: The driving force to adopt this measure is to
reduce wastes to be disposed to landfill.

Reference plant: Numerous plants in Europe.

Literature:
[J. Poyry, 1997b], [J. POyry, 1992]
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4.3.5 Efficient washing and process control
This technique is mainly relevant with chemithermomechanical pulping (CTMP).

Description of the technique: The washing process in CTMP-pulping is in principle similar to
washing in chemical pulping, but the efficiency requirements are usually less demanding. The
purpose is mainly to separate the organic material dissolved in refining from fibres. The
washing is often mill-specific and many alternative solutions are possible in terms of type of
washing equipment etc

Washing of CTMP-pulp is, however, somewhat more difficult than the washing of chemical pulp
and it requires more capacity of the washing equipment. In practise, this means more surface area
with drum washers of washing presses per tonne of pulp. The washing efficiency is usually 65-70
% calculated from the recovered organic material. This corresponds typically to one washing stage,
which can be carried out with drum washers, twin wire presses or screw presses.

With improved washing it is possible to increase the washing efficiency to 75-80 % by
installing more washing equipment in series. The washing equipment is usually the same as the
equipment of the first washing stage.

Main achieved environmental performance: With improved washing it would be possible to
concentrate the organic material in the same volume of effluents and reduce the carry-over to
the paper or board machine. This may be an asset, if the effluents are further treated separately
from the paper or board effluents e.g. in an anaerobic treatment.

Cross-media effect: No major cross-media effects.

Operational experience: The improved washing is practised only in a few integrated mills in
the world.

Economics: Investment costs are typically 3-5 MEuros at new mills and 2-3 MEuros at existing
pulp mills of 700 ADt/d. No major additional operating costs are anticipated.

Driving force for implementing the technique: The improved washing may create better
circumstances for an anaerobic treatment if applicable of CTMP-effluent fraction.

The quality aspects of finished board and paper may also give rise to consideration of this
technology.

Reference plant: A few plants in Europe and in North America.

Literature:
[CEPI, 1997b], [J. Poyry, 1997b]

4.3.6 Water recirculation in pulp and paper mill

Description of the technique: The degree of recirculating water within the pulping process is
highly dependent on the suitability of a specific water fraction for reuse and the level of
contaminants that are allowed to accumulate in the process. In any case there must be bleedout
points for sewering and disposal of contaminants at an effluent treatment. Normal water makeup
is done in non-integrated mills with fresh water. In integrated mills paper machine white water
covers most of the process water need.
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Inside the mechanical pulping process the recycle stream candidates are various filtrates,
pressates or similar from chip or pulp handling and cloudy or clear white water generated by
fibre save-all equipment. These streams are fed to specific uses according to their availability
and suitability. Many factors influence on the suitable degree of water recycling in the pulping.
Considering the accumulation of undesirable compounds into the streams, these are generated
by wood or chip pretreatment, refining and bleaching and some is brought in integrated mills
with the counter current flow of paper machine white water.

In the process points where dissolved materials are formed, there also must be dilution to
effectively carry away the undesirable compounds from the wood material or pulp. Otherwise
they are carried to the succeeding process stages with adverse effects. Additionally, in recycling
and discharging of waters a trade-off may be necessary to reach an economical balance. For
instance, discharging water from the pulping process by sewering more clear instead of cloudy
white water provides better capture of fibre material in the pulp, but also retains more unwanted
resinous compounds in it. In general terms, the proper selection of water re-use is complicated
e.g. by the colour of process water, pH, dissolved and suspended solids content including also
residuals of used pulping chemicals, that can cause unwanted chemical reactions or even
increased pulping chemical consumption.

Items forming the basis of water use reduction and recycling in pulping are:

= Use of counter-current water flow principle, where feasible

= Improved fibre recovery by sewering clean instead of cloudy white water and in integrated
mills by excess white water input from the paper mill

= Rebalancing of tank volumes, especially white water volumes for coping with process
fluctuations, startups and shutdowns.

= High consistency thickening of pulp prior to feed to drying (or paper machine), which is
effective both for non-integrated and integrated mills, though for slightly different reasons.

= (lear white water usage in equipment cleaning showers and if acceptable, as flushing water.

In Figure 4.8 main water sources and sinks in an integrated mechanical pulp and paper mill are
given. A shown fresh water is introduced in the papermaking process mainly through paper
machine forming section and press-section showers after which, it is fed upstream to various
washing and diluting process. Water loops are clearly separated by thickening steps after which
stock is diluted with some fresh water to adjust consistency and to dilute the stock with clean
water before it enters the approach system.
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Figure 4.8: Main water sources and sinks in an integrated mechanical pulp and paper mill
[Edelmann, 1997]

Applicability and characterisation of the measure: Enhanced water recirculation can be
applied in existing mills, in new mills many of the described concepts are applied efficiently.

Assessment of the suitability of specific stream(s) for a specific reuse must be carried out to
avoid adverse effect on the process itself and the product. Existing mills may need reblancing
their filtrate, whitewater and pulp tank capacities, in order to keep fresh water makeup and
effluent bleedout to a minimum.

Because the water temperature in the pulping rises along the degree of water loop closure, in
existing mills problems may evolve in pulp bleaching and the performance of supporting
equipment such as centrifugal pumps. Thus also an energy balance evaluation is necessary.

Main achieved environmental performance: With efficient closure, in integrated mills
meaning also the counter current re-use of paper machine white water, the effluent discharge
and fibre losses to sewer are reduced. The degree of water reduction depends on the paper/board
grade.

Monitoring of emissions: On-line monitoring of combined pulp mill effluent flow rate and lab
monitoring of suspended and dissolved solids, pH, temperature and organic content as BODs or
COD is recommended. Also on-line suspended solids or turbidity meter can be used.

Cross-media effects: More dissolved or colloidal matter can be retained with pulp as a result of
efficient water reuse in pulping. This must be compensated in the paper machine to avoid for
instance an increase in machine breaks, changes in wet end paper web retention or sheet
drainage.
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Operational experiences: The principles discussed can be used with slight adverse or no
impacts in the pulping process.

Economics: Because most of the mechanical pulp mills are integrated with paper production the
measures to improve water reuse is typically linked to water use reduction in both pulping and
papermaking.

The investment costs for an integrated mill, with 700 ADt/a production and aiming at reduction
of fresh water consumption from 20 m’ to 10 m’, are about 10-12 MEuros.

Driving force for implementing this technique: Reduction of effluent hydraulic and
suspended solids load is the key component to promote the implementation. More concentrated
wastewater can be treated more effective and need less investment and operating costs.

Reference plants: Numerous modern mills apply efficient water recirculation around the world.
Many old mills also exist which have carried out the listed measures more selectively

Literature
[CEPI, 1997b], [Edelmann, 1997]

4.3.7 CTMP mill effluent treatment. Closing up the water circuits by use
of evaporation and burning the concentrates

Description of the technique: There are a few alternatives of how to treat the wastewater from
CTMP plants:

= Activated sludge treatment in one or two stages with or without chemical treatment (see
4.3.13). Today the activated sludge method is the most common one and if correctly
designed very effective. A BOD reduction of 98% and a COD reduction of 85% can easily
be reached. A drawback using this method is the fairly high concentrations of nutrients in
the effluent. Therefore, some CTMP plants have had to complete the treatment with an
additional chemical treatment (see 2.3.14).

= Internal chemical treatment of white water the first washing stage plus activated sludge
treatment of the rest. There is one CTMP plant treating this white water with a chemical,
which makes it possible to remove extractives and fines in a following flotation stage. At
the same time a 40-50% COD reduction was reported. A drawback of this method is the
fairly high chemical costs.

= Combination of an anaerobic and aerobic treatment of the wastewater. There is only one
plant in Sweden (SCA, Ostrand) using this technique. The reason why the anaerobic
treatment is not used more commonly is that it is very sensitive to disturbances (principles
see 3.3.6 and 5.3.5).

=  Evaporation of the most contaminated wastewater and burning of the waste plus activated
sludge treatment of the rest. For evaporation of wastewater a new evaporator (see Section
4.5.1), the Zedivap evaporator has been developed. This new evaporation technique is
considered as emerging. The first one is now working at a Swedish CTMP plant and is in
the optimisation phase of continually improving the situation. The concentrate will be
burned in a recovery boiler of an adjacent kraft pulp mill. The evaporation alternative is
most suitable in such a case, when the pulp capacity has to be increased and the biological
treatment plant is becoming too small. The condensate from such an evaporation plant can
be used in the CTMP plant as process water lowering the fresh water consumption
considerably. Evaporation is also an alternative if tertiary treatment is regarded as necessary
i.e. in such cases where the nutrient concentrations in the effluent have to be lowered.
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= It is also possible to evaporate the whole effluents and incinerate the concentrates in a
recovery boiler. This results in zero discharge of liquid effluents. The Millar Western Pulp
(Meadow Lake) Ltd., in Saskatchewan, Canada, a 240000 t/a greenfield mill at that period,
produces since 1992 bleached CTMP without having an effluent pipeline. The CTMP mill
converts aspen hardwood using the Alkaline Peroxide Pulping (APP) process into finest
tissue and writing grade market pulp. Their zero effluent system will be described in the
following because it contains a number of innovations, which are of general interest for the
sector. It has opened the door for use in other industrial applications where the receiving
water body cannot effectively assimilate an industrial discharge.

The Meadow lake water recycling system consists of the six unit operations, which are shown,
in Figure 4.9 and Figure 4.10.

= Suspended solids removal (Krofta clarifiers including an option to use settling ponds)

= Mechanical Vapour Recompression evaporation (1.5 times more capacity than the design
flow rate to provide flexibility and catch up ability)

= Steam-driven concentration

= Concentrate incineration

= Distillate polishing for general mill usage

»  Treatment of lake water make-up

As shown in Figure 4.9 the only water that needs replacing is that which is lost through
evaporation and is about 2 m*/ADt.
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Figure 4.9: Water recycle system of the Meadow Lake CTMP mill

Evaporation technology is used to close the water loop and achieve zero effluent status [Evans,
1992]

Figure 4.10 shows the effluent process concept including major flows of the water through the
various treatment steps.

Pulp and Paper Industry 195



Chapter 4

All process water streams are pumped to the primary treatment, which serves to remove
suspended solids. Captured solids are de-watered and incinerated. Clarified water can be stored
in outside ponds that provide reserve capacity between the pulp mill and the evaporators.

Clarified water is delivered to the mechanical vapour recompression (VR) evaporators where
the concentration of total solids is increased from 2.5% to 35%. The distillate from the MVR
evaporators is segregated in to fractions internally to prevent contamination of the clean
distillate, which account for 85% of the distillate produced. The distillate fraction which has
most of the volatile organic compounds is stripped of most of those organics in a steam stripper
for incineration in the recovery boiler. Most of the evaporator distillate can be used directly in
the pulp mill at 65 °C. However, some demands exist for water at 20 - 30 °C. To provide this
some of the distillate is cooled and the small fractions of volatile organics are removed in a
biological stabilisation pond.

The solids level of the concentrate from the MVR evaporators is increased to 70% dry solids in
two steam driven concentrators and incinerated in a chemical recovery boiler.

The smelt from the recovery furnace is cooled and sodified on a conveyor then deposited in a
bunker.
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Figure 4.10: Zero liquid effluent process concept
[Ward, 1993]

Applicability and characterisation of the measure: Process integrated measure. Closing the
CTMP plant is possible for both new and existing mills. Limitation is high capital cost of
evaporation and possible recovery plant (as in Meadow Lake). The described concept was built
for a greenfield mill and needs a lot of space, which existing mills often do not have. The
solution will depend on local conditions and is often different for market CTMP-mills compared
to integrated CTMP-manufacturing. When using evaporators the bleaching of CTMP has to be
modified. For instance no sodium silicates can be used because of scaling.
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Main achieved environmental performance: No discharges to water.

Monitoring: Monitoring of the process and equipment is of the utmost importance in a zero
effluent facility. Different testing programmes were running, dynamic monitoring of fouling
rates and corrosion and a quality management system certified ISO 9002.These are
supplemented by an analytical lab to keep a careful watch on the facility. One example is the
metals monitoring program which tracks ions in the system and permits proactive work to take
place on corrosion, fouling and scaling.

Cross media effects: Information on the energy balance compared to a conventional system
was not available. The solid waste loop is not yet closed but in conventional systems neither. No
other cross-media effects are known.

Operational experiences: The water recycle system causes no losses in pulp production and
has no negative impact on pulp quality. The company has developed some unique methods of
employee involvement in management decisions. Training was crucial to the successful start-up
at Meadow Lake. New employees were given a minimum of three-month instruction on their
positions before start-up was attempted. Ongoing coaching for skill development has kept the
work force on the leading edge of technology and work practices. Safety at all costs has led to
employee commitment to this essential program that keeps moral high and insurance premiums
low. Small teams are formed regularly and have the ability and authority to make changes to the
process where benefit from such changes can be demonstrated.

Economics: The system has operating costs competitive with conventional bleached CTMP
water and secondary effluent treatment systems. After the optimisation period the effluent
treatment operating costs at Meadow Lake are now below the cost of conventional secondary
treatment. However, high investment costs for over-sized evaporation and liberal sizing of the
recovery plant and storage capacity for effluents (for 3 days) arose at the start-up phase. The
attractiveness of the zero-liquid discharge approach is augmented by potential chemical and
energy recovery that can be used to reduce cost of production and amortise capital costs. Data
on specific costs are not available. Changes in aqueous effluent regulations do not effect zero
effluent mills, which is an economical advantage.

Driving force for implementing this technique: The Meadow Lake site was selected primarily
for it' s close proximity to fibre supply, infrastructure, and people. Though, water was scarce
and the possible receiving water body is small and due to arid climate and severe winters in the
area the river ceases to flow at times. A conventional effluent treatment system would have
necessitated the drilling of wells tapping into an under ground aquifer to provide enough
dilution water to thin the effluent discharge and keep the river flowing year round. This option
was not acceptable to the owners of the company and the decision was made to pursue zero
effluent technology. It can be stated that marketing a zero-liquid discharge pulp to
environmentally conscious consumers has certain advantages.

Reference plants: Examples are Meadow Lake and Chetwynd in Canada. Stora Fors, Sweden,
has started an evaporation plant for a part of the whole wastewater.

Literature:

[Ward, 1993], [Evans, 1991], [Evans, 1992], [Evans, 1993], [Fromson, 1993], [Sweet, 1993]
4.3.8 Application of Co-generation of Heat and Power (CHP)

Refer to 5.3.9 Whether or not co-generation is BAT, depends on the energy balance of the mill

and how electricity from the grid has been produced. The difficulty might be to compare
hydroelectric, nuclear power, coal, oil, gas or biofuel power.
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4.3.9 Heat recovery from refiners

No information yet received.

4.3.10 Abatement of VOC emissions from steam releases

No information yet received.

4.3.11 Emission optimised incineration of solid waste and energy recovery

Description of the technique: In mechanical paper mills, mostly integrated also with paper
mills, there is a variety of solid wastes - bark, wood residues, pulp waste sludge and screening
rejects - that must be disposed of. The bark is readily used as fuel in the mill auxiliary boiler but
sludges traditionally have been landfilled. A viable alternative to landfilling, which is becoming
an expensive and more limited exercise for the mills, is incineration of these sludge wastes. In
such incineration it is necessary to apply environmentally sound incineration techniques to
minimise particulate, SO, and NOx emissions.

Because sludges represent waste that often has a lower heat value than true solid fuels, such as
bark or wood, their incineration in a boiler designated solely for sludge is rare.

In practice mills that use bark, wood, peat or coal as fuel for steam and power generation obtain
cost-efficiency by burning the pulping and paper sludges in the same boiler with solid fuels of
high heat value. This is also emphasised by the fact that sludges, unless at over 50 %
consistency and low in ash, would require in any case support fuel to dispose of them properly
by burning.

The environmentally sound technology most suitable for pulp sludge and reject incineration is
the same than for wood, bark and peat. However, certain specific features in preparation of
sludge or burning can differ.

The boilers are used to provide steam to be used directly as process steam for heating and
drying, but in an increasing number of cases also for electric power production. However, when
the boiler is small and its main purpose is to dispose of sludge with a minimum amount of
support fuel, the boilers cannot economically produce anything else but low pressure steam for
heating in the process or buildings.

In the incineration of pulp and paper mill sludges the environmental ends can be met by
application of proper boiler and, as sometimes needed, a series of fuel pre-treatments.

In paper and reject sludge incineration both conventional grate-fired boilers and fluidised bed
boilers can be used. The fluidised bed technology, however, is more versatile with its better
flexibility, higher efficiency and low emissions.

The heating value of bark from wet debarking or peat at 40 - 60% moisture is 4.5-10.5 MJ/kg.
In contrast, the mechanically dewatered pulp sludges have a lower heat value amounting to 2.5-
6.0 MJ/kg due to their often higher moisture and ash content. The heat value of dry pulp waste
can reach over 20 MJ/kg. The higher the humidity of the fuel the lower the overall economy of
the boiler and also the more difficult is the operability unless efficient technology is applied. A
fluidised bed boiler is less sensitive to fuel humidity than a grate-fired boiler. Because some
paper sludges often reach 20-30 % ash content, and at worst with deinking waste 60 %,
operational problems such as grate plugging due to ash is very likely in grate fired boilers. High
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amounts of ash may cause also deterioration of fluidised bed system efficiency, but in much
lesser amount. The burning improves the smaller is the proportionate amount of ash or sludge.

The main difference of grate-firing and fluidised bed technology is in the heat transfer method.
In grate-firing the fuel particles are heated mainly by radiation. This makes the combustion
temperature and burning time very important and the system performance can easily drop when
fuel humidity increases. Variations in sludge dryness at the grate-fired boiler entrance cause
problems to maintain efficient burning because of temperature drops. In the fluidised bed
boilers the main heat transfer method is by conduction, which by the aid of a fluidised sand bed
inside the boiler, stabilises the system heat capacity and makes it less sensitive to fuel humidity
and heating value fluctuations.

The burning in a fluidised bed boiler takes place at a lower temperature, typically in the 750-950
°C range, than required in grate firing. This is beneficial in reduction of gaseous emissions. In
addition, the heat transfer per unit area is a little higher with fluidised bed systems.

There are two main types of fluidised bed systems: Bubbling (BFBC) and circulating (CFBC)
fluidised bed boilers.

In BFBC the sand bed inside the boiler is fluidised and kept in the lower part of the boiler,
except for a small part escaping the bed. This escaped fraction and possible semi-burnt fuel is
recovered in a cyclone and returned to the bed. In CFBC the sand bed extends up beyond the
first heat exchange part, after which the sand is separated from the flue gases in a large cyclone
and returned back to the bottom of the bed.

On the efficiency point of view both fluidised bed technologies are good. However, if the fuel is
high in coal content, the circulating bed type is better in preventing excessive concentration of
heat, generated by coal burning in the bed.

The sludge heat value and the overall burning results can be improved by applying improved
dewatering such as screw press. The aimed dryness target should be 45 %, when ash content is
below 30 %, otherwise higher and reaching for instance 65-70 % at 50 % ash content. When the
amount of sludge is high and the proportionate amount of all the fuels over 30 % shredding of
sludge followed by palletising or briquetting can be economical in increasing its bulk density
sufficiently to render combustion easier. The sludge and other solid fuels can be fed alternately
or in addition through a pre-heating treatment. Indirect drying utilises low or medium pressure
steam, generated at the mill, which at best could still be used elsewhere as lower pressure steam.
The direct drying method uses the flue gases as heat source.

The improvement of the overall combustion is case-specific. It can be achieved by adding
efficient fuel pre-demoisturization for certain solid fuels, by mechanical dewatering of the
combustion materials or by drying them with heat. In general, when the fuel initial moisture has
been in 45-50 % range, a 10-15 % improvement in heat economy has been recorded by
increasing the dryness to 55-60 %. Necessarily, the higher the fuel moisture entering the boiler,
the higher is the flue gas flow.

The emissions from fluidised bed boilers can better meet stringent demands than the grate-fired
boilers. The fluidised bed systems provide in-situ SO, and NOx emission control in addition to
being simpler and more effective than the grate-fired ones.

For SO, control the boiler ash contains already some calcium that binds sulphur present in the
fuel. Additional SO, reduction is obtained by lime injection to the boiler, by providing
Calcium:Sulphur ratio in the range of 1-3. A high calcium surplus provides up to 80-95 %
sulphur removal to boiler ash, being higher with CFBC. Optimum sulphur capture takes place
around 850 °C burning temperature. The drawback of lime injection is the increased ash
amount.
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In grate-fired boilers there is no efficient internal means of controlling SO, emissions.

External sulphur and SO, removal methods can also be applied. Either wet or semi-wet
methods, which both apply alkaline washing liquid to bind sulphur, or dry methods are
available. Dry methods are less efficient than enhanced control of fluidised bed burning, lime
injection into the boiler or the external wet methods.

The lower NOx emission of fluidised bed boilers is first of all because of lower burning
temperature involved. Low NOx burners can obtain further decrease of NOx.

Some trade-off between SO, and NOx reduction may be necessary. This is for instance because
the NOx emissions tend to rise, the higher is the calcium surplus in the boiler after lime
injection. Additionally the minimum NOx formation in burning takes place at around 960 °C,
when the optimum SO, removal with lime injection is reached at lower temperatures.

CO and hydrocarbon emissions are kept negligible by avoiding running the boiler at overload
and maintaining oxygen excess in burning.

The boiler particulate emissions are controlled efficiently by an electrostatic precipitator,
providing with good design almost a total capture.

Applicability and characterisation of the measure: The implementation or improvement of
fluidised bed boilers for burning of wood residues or solids disposal can be applied both in
existing and new mills. The controllability of the burning process and the allowance in terms of
the solid fuel used and its quality variations is superior to that of grate-fired boilers.

Improvements in grate-fired boilers coupled with upgrading of heat recovery and external flue
gas cleaning can improve their economical and environmental performance, but not to the level
of fluidised bed systems.

When major portion of the boiler fuel is sludge the net heat economy is low. In mills where also
other solid fuels are used for steam or electricity production a better process efficiency is
obtained by burning the sludge as minority fuel with them.

Main achieved environmental performance: Emissions from modern fluidised bed boilers
burning pulping and reject sludge with support fuels can be efficiently controlled and optimised.
The variety of fuels or their combinations used, the add-on control methods applied in the
boilers and the varying ways of expression of the national regulatory limits, make that the case
by case comparison of boiler performance is difficult.

Data on achievable emissions have not yet received.

Monitoring of emissions: Emission monitoring with online gaseous compound meters is
increasing in popularity because of their improved reliability and lower cost as they become
more common. Multi-point temperature and oxygen monitoring of the boiler is also beneficial.

Cross-media effects: Reduction of wastes may increase the emissions to the atmosphere.

Operational experiences: Fluidised bed boilers have been used with success for 10-15 years
and with the current designs have proved to possess many benefits over the grate-fired boilers.

Economics: The modification of an existing bark boiler for sludge and reject incineration costs
0.5-0.7 MEuros at a 700 ADt/d integrated mill, provided that the boiler already has extra
capacity to burn these wastes. The additional operating cost for the residue incineration is
250000- 350000 Euros/a.
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A separate sludge and reject boiler for a mill of the same size costs 5-7 MEuros and its
operating costs are 500000-600000 Euros/a.

Driving force for implementing this technique: The main driving force is the reduction of
disposal of organic material to landfills.

Reference plants: Numerous mills in Northern and Western Europe.

Literature:
[J. Poyry, 1997b], [Finnish BAT report, 1997], [Paper and Timber, 1993]
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4.3.12 Use of sufficiently large buffer tanks for storage of concentrated or
hot liquids from the process

Description of the technique: The use of large buffer tanks for hot liquids in groundwood
(GW) or thermo-mechanical pulp (TMP) production is not relevant in most cases because these
pulps are produced almost solely in integrated mills. Typically much of the process water used
in these pulping processes is received as excess white water from a paper or board machine.
GW and TMP water consumption is low in comparison to papermaking so there is commonly
continuous bleedout of excess contaminated water to the sewer.

Chemi-thermo-mechanical pulp (CTMP) production has a slightly different situation, because
most of the mills are non-integrated and produce market pulp. As with other mechanical
pulping, different white water grades are produced and recycled inside the pulping process. In
integrated mills the paper or board machine excess white water is fed as replenishment to the
CTMP water system, in non-integrated mills fresh water is consumed. When bleaching is
applied, water recycle by using bleaching filtrate for instance in chip impregnation improves
water reuse. Excess contaminated water is sewered for instance from chip wash and as excess
white water or sometimes also from intermediate washing in pulp refining.

In CTMP pulping as opposed with chemical pulping there is less chances of finding points of
cost-effective overflow or spill recovery of process waters or reasons for very large water
storage tanks. By the implementation the typical counter current water flow principle to reach a
low fresh water consumption, the balance still needs to sewered. Nevertheless, the process tank
capacities need to have sufficient volume to supply water during flow peaks, especially in pulp
dilution and washing. These occur mainly when a pulping line is started up, during short-term
fluctuations in the balance between pulp and paper production, or for instance when unbleached
pulping is shut down but bleaching is still in operation.

The CTMP effluent is due to chemical chip treatment more contaminated than GW and TMP
effluents, calling for more careful tank level management to minimise peak loads entering the
external effluent treatment. The conversion of the electric energy in TMP and CTMP refining to
energy in steam decreases the accumulation of heat to the water in the pulping system. In mills
where steam is efficiently used for water heating or pulp or paper drying, the need for
occasional steam blow-out could be decreased. In other mills decrease the need for cooling of
steam with water and sewering this hot fraction by maintaining a larger water volume in the
production.

Applicability and characterisation of the measure: The evaluation and optimisation of
necessary tank volumes can be carried out both in existing and new mills. For existing mills
operating data from different production situations helps in determining proper tank
management procedures and need for tank volume increase.

Main achieved environmental performance: The environmental impacts are typically low,
but the runnability of the external treatment plant is improved with decreased frequency of spill
discharges.

Monitoring of emissions: Level probes for key water chests are required especially for
overflow control.

Cross-media effects: No major effects.

Operational experiences: By the improved mill closure the control of contaminated and warm
or hot streams into the sewers has become more pronounced. However, in-mill optimisation to
handle these streams often has been refinement or change in operating procedures and not so
much improvements in liquid storage facilities
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Economics: The investment costs are very case specific. When estimating a need of 2000 m® of
extra water or stock volume (0.5 -0.6 MEuros) and some additional tank, piping, electrification
and instrumentation, the additional investment costs are 100000-250000 Euros. The operating
costs are low, comprising mainly of maintenance.

Driving force for implementing this technique: These measures are promoted by their effect
to their impact in controlling better the fluctuations in the pulping process and to some degree
by their environmental impact.

Reference plants: Numerous modern mills around the world.

Literature
[CEPI, 1997b]

4.3.13 Secondary or Biological Treatment - Aerobic Methods

Description of the technique: The principles of wastewater treatment are the same as described
in 2.3.13, 5.3.6 and 6.3.10. The dominating process for treatment of wastewater from
mechanical pulp mills is the activated sludge process. Preferably two-stage processes is used.
Some mills apply pure oxygen in a first stage, followed by a "normally" aerated second stage.
Some mills use a high-loaded first stage followed by a lower-loaded second aeration tank. One
mill has reported a biofiltration stage after two-stage activated sludge system. In principle,
effluent from mechanical pulp mills can also be treated efficiently anaerobically because the
concentrations in wastewater are often above 2000 mg COD/1. However, in most cases pulp and
paper mill effluents are treated with aerobic methods, with the exception of CTMP or other
concentrated effluent streams for which anaerobic treatment has sometimes been applied (see
4.3.7).

A large number of different process and plant designs exist for the activated sludge process.
These alternatives may be different regarding design of the aeration basin, the clarifier, the
aeration equipment, as well as the sludge recycling. One special process design is the pure
oxygen activated sludge, where pure oxygen or oxygen-enriched air is used instead of regular
air.

Applicability and characterisation of the measure: The process can be applied at both
existing and new and new mechanical pulp (and paper) mills. In the existing mills some kind of
water consumption reduction measures should preferably be carried out to reduce the
investment costs.

The activated sludge process is often used, when high or very high treatment efficiencies are
required. In the latter case, however, a two-stage biological process is an optional choice.

Activated sludge plants are used widely in the pulp and paper industry. As rough estimate the
activated sludge process is used in 60-75% of all the biological effluent treatment plants in this
industry. This is also the most common process used in recently built plants.

Advantages of the activated sludge process are the potential of high or very high treatment
efficiencies, the possibilities to control the process (particularly the oxygen consumption), and
the relatively low space demand.

Disadvantages are the high production of biological waste sludge and the high operating costs.
An equalisation basin prior to the biological treatment can reduce disturbances and the risk of
operational instability.
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Main achieved environmental performance: Treatment efficiencies are variable, depending
on effluent type, plant design and operating conditions. Typical values are within the ranges 90-
98 % of BOD removal (normally 95+ %) and 75-90 % of COD removal.

The overall efficiency of TSS-removal of primary and secondary treatment is about 85-90 %.

Cross media effects: The effluent treatment plant produces sludge which after dewatering can
be burned, providing in some cases net positive heat value. The treated wastewater is clean
enough for reuse in some points of the production process. The problem is that usually the

wastewater treatment plant is located so far from the mill that recycling is not economical.

Operational experiences: Activated sludge plants have been used for many years in all types
of and new mechanical pulp (and paper) mills with good results.

Economics: The investment costs for a completely new activated sludge treatment plant are
approximately 10-12 MEuros for a new 700 ADT/d integrated mechanical pulp mill. These
costs include also the necessary primary treatment and sludge handling. The corresponding
operating costs are 0.9-1.2 MEuros/a.

Driving force for implementing this technique: The activated sludge process is preferably
used, when high or very high treatment efficiencies are required.

Reference plants: Numerous plants all over the world for all types of effluents.
Literature:

[CEPI, 1997b], [Finnish BAT report, 1997], [SEPA-report 4713-2, 1997]
4.3.14 Tertiary treatment of wastewater

Refer to Section 6.3.11.
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4.4 Best Available Techniques
4.4.1 Introduction

In understanding this chapter and its contents, the attention of the reader is drawn back to the
preface of this document and in particular the fifth section of the preface: “How to understand
and use this document”. The techniques and associated emission and/or consumption levels, or
ranges of levels, presented in this chapter have been assessed through an iterative process
involving the following steps:

* identification of the key environmental issues for the sector; for mechanical and chemi-
mechanical pulp and paper mills the major concerns are water use, wastewater discharge
(COD, BOD, suspended solids, N, P), energy consumption (steam and electricity), solid
waste such as rejects, sludge and ash, air emissions from energy generation (SO,, NO,, CO,,
dust), noise, waste heat to water and sometimes odour; the latter three stand for local
impacts;

¢ examination of the techniques most relevant to address those key issues;

¢ identification of the best environmental performance levels, on the basis of the available
data in the European Union and world-wide;

¢ examination of the conditions under which these performance levels were achieved; such as
costs, cross-media effects, main driving forces involved in implementation of this
techniques;

e selection of the best available techniques (BAT) and the associated emission and/or
consumption levels for this sector in a general sense all according to Article 2(11) and
Annex IV of the Directive.

Expert judgement by the European IPPC Bureau and the relevant Technical Working Group
(TWG) has played a key role in each of these steps and in the way in which the information is
presented here.

On the basis of this assessment, techniques, and as far as possible emission and consumption
levels associated with the use of BAT, are presented in this chapter that are considered to be
appropriate to the sector as a whole and in many cases reflect current performance of some
installations within the sector. Where emission or consumption levels “associated with best
available techniques” are presented, this is to be understood as meaning that those levels
represent the environmental performance that could be anticipated as a result of the application,
in this sector, of the techniques described, bearing in mind the balance of costs and advantages
inherent within the definition of BAT. However, they are neither emission nor consumption
limit values and should not be understood as such. In some cases it may be technically possible
to achieve better emission or consumption levels but due to the costs involved or cross media
considerations, they are not considered to be appropriate as BAT for the sector as a whole.
However, such levels may be considered to be justified in more specific cases where there are
special driving forces.

The emission and consumption levels associated with the use of BAT have to be seen together
with any specified reference conditions (e.g. averaging periods).

The concept of “levels associated with BAT” described above is to be distinguished from the
term “achievable level” used elsewhere in this document. Where a level is described as
“achievable” using a particular technique or combination of techniques, this should be
understood to mean that the level may be expected to be achieved over a substantial period of
time in a well maintained and operated installation or process using those techniques.

Where available, data concerning costs have been given together with the description of the
techniques presented in the previous chapter. These give a rough indication about the
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magnitude of costs involved. However, the actual cost of applying a technique will depend
strongly on the specific situation regarding, for example, taxes, fees, and the technical
characteristics of the installation concerned. It is not possible to evaluate such site-specific
factors fully in this document. In the absence of data concerning costs, conclusions on
economic viability of techniques are drawn from observations on existing installations.

It is intended that the general BAT in this chapter are a reference point against which to judge
the current performance of an existing installation or to judge a proposal for a new installation.
In this way they will assist in the determination of appropriate "BAT-based" conditions for the
installation or in the establishment of general binding rules under Article 9(8). It is foreseen
that new installations can be designed to perform at or even better than the general BAT levels
presented here. It is also considered that existing installations could move towards the general
BAT levels or do better, subject to the technical and economic applicability of the techniques in
each case.

While the BREFs do not set legally binding standards, they are meant to give information for
the guidance of industry, Member States and the public on achievable emission and
consumption levels when using specified techniques. The appropriate limit values for any
specific case will need to be determined taking into account the objectives of the IPPC Directive
and the local considerations.

Manufacture of wood-containing paper from mechanical pulp is not a single process but a series
of unit processes, often linked and inter-dependent. Therefore, it is always a suitable
combination of techniques that constitutes BAT for mechanical pulp and paper mill. The order
of priority and the selection of the techniques or combinations of techniques depend on the local
circumstances.

Best available techniques given below are, if not stated otherwise, applicable to new and
existing plants. In paper mills, the applicability of a technique is less driven by the fact whether
a mill is new or existing. Pulp and paper mills are characterised by the fact that machinery is
rebuilt rather than replaced whole-scale. The modular rebuilding and development of plants
means that each site is a unique product of its location and history. On the other hand, there is a
series of unit processes, which are common in all countries.

Criteria to be considered in the determination of BAT in the specific cases are rather that
specific costs for smaller mills are relatively higher (economies of scale). Other factors to
consider are limitations of space, which some older mills might face, or unsuitable material or
lay out of older equipment, which does not fit for a higher degree of water closure. More water
system closure usually is combined with higher complexity of the system that needs to be
monitored, controlled and understood. Smaller mills might sometimes not have the knowledge
available which would be necessary to run and control more complex process solutions most
efficiently.

4.4.2 BAT for mechanical and chemi-mechanical pulp and paper mills

For mechanical and chemi-mechanical pulp and paper mills the following techniques or
combination of techniques are considered as BAT. The following list of BAT is not considered
exhaustive and any other technique or combination of techniques achieving the same (or better)
performance can also be considered; such techniques may be under development or an emerging
technique or already available but not mentioned/described in this document. For integrated
mechanical pulp and paper mills it is refer to Section 6.4 where further details on BAT for
papermaking is given. If not stated otherwise, the data refer to yearly average values.
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General measures

1.

2.

Training, education and motivation of staff and operators. Training of staff can be a very
cost-effective way of reducing the environmental impact of mills.

Process control optimisation. To be able to reduce different pollutants simultaneously and to
maintain low emissions, improved process control is required. The target of the controls is
to keep the process at the desired operating point.

To maintain the efficiency of the technical units of pulp mills and the associated abatement
techniques at a high level, sufficient maintenance has to be ensured.

Environmental management system which clearly defines the responsibilities for
environmentally relevant aspects in a mill. It raises awareness and includes goals and
measures, process and job instructions, check lists and other relevant documentation.

Measures for reducing emissions to water

1.

Dry debarking of wood. Dry techniques use less water circulation through the drum stage.
Water systems in debarking plants are kept very closed. Solid material is removed from the
circulation water, which is only used for log washing, and separation of undesirable material.
A part of the clarified water is separated to the wastewater treatment.

Water circulation system in mechanical pulping department. In order to keep the
accumulation of dissolved and dispersed substances at an acceptable level the water circuits
are opened to a certain extent

Effective separation of the water systems of the pulp and paper mill by use of thickeners.
A dewatering lock after pulping leads to a significant decrease of contaminants in the paper
machine water system. The filtrate of thickening is returned to the pulping process. This
measure prevents that contaminants dissolved from the wood are travelling through the
whole papermaking process. Isolation of process units makes it possible to remove
contaminations inside the process unit in which they are generated.

Countercurrent white water system from paper mill to pulp mill depending on the degree of
integration

The recirculation of process water from the paper machine to the pulp mill might not be
possible when the mill has two or more paper machines making different types of paper, the
white waters of which are incompatible, or when coloured paper is manufactured

Use of sufficiently large buffer tanks and storage for liquids from the process (mainly for
CTMP)

. Primary treatment, secondary biological, and/or in some cases, secondary chemical

precipitation or flocculation of wastewater.

When only chemical treatment is applied the discharges of COD will be somewhat higher
but mainly made up of easily degradable matter. Untreated mechanical pulping and
bleaching waters are toxic to water organisms. Well-operated biological treatment can
eliminate most of the toxicity of those effluents. Therefore, in addition to the process-
integrated measures and primary and biological treatment is considered BAT for mechanical
and chemo-mechanical pulp and paper mills. Activated sludge plants consisting of
equalisation basin, aeration basin, secondary clarifier and sludge handling show excellent
performance for the treatment those effluents. Low loaded activated sludge plants with a
sludge load below 0.15 kg BOD/(kg MLSS*d) and typical retention times in the aeration
basin of about one day are regarded as BAT. They can achieve high removal efficiencies
(COD: 75-90%; BOD: 95+%) and a stable treatment system. A few mills achieved also good
performances (>85% COD reduction) with high load biological treatment.
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For CTMP miills three further measures are regarded as BAT

1. Efficient washing between pulping and paper mill. This measure reduces the carry-over of
dissolved and dispersed substances from pulping and bleaching. If it doesn’t harm the pulp
and paper quality and other paper machines using the same pulp the circulation water of the
paper mill can be used as wash water. The washing filtrate is returned to the pulp mill
circulation water

2. Effluent treatment either by biological treatment systems in one or two stages with or
without chemical treatment or internal chemical treatment of white water of the first
washing stage plus activated sludge treatment of the rest. A combination of an anaerobic
and aerobic treatment of the waste water is also regarded as an efficient treatment system.
Finally, evaporation of the most contaminated waste water and burning of the concentrate
plus biological treatment of the rest might a solution for upgrading mills.

3. For new mills and those that significantly increase capacity the evaporation of the selected
highly polluted partial wastewater streams to support the biological treatment or whole
effluents and incineration of the concentrates is considered as BAT.

For integrated mechnical pulp and paper mills (which is the case for most mills), additionally to
the measures related to mechanical pulping the measures described under the corresponding
chapter on papermaking (chapter 6) have to be considered. However, the emissions levels
associated with the use of BAT that are given further below include both the pulp and paper
production.

The efficiency of each of these measures varies considerably with the design and operation
practices at different mills. To be regarded as a BAT measure it must also be well designed and
operated. A possible range of emissions of mechanical pulp and paper mills before biological
treatment is shown in Table 4.15. The mills stand for some real world examples operating with
different process conditions and water system configuration. The emission ranges might give an
indication of releases to water when no biological treatment would be applied. In reality, all
these mills have primary and secondary effluent treatment. The list of mills is a selection of
mills where data were available or provided and is therefore not intended to be complete. It
contains mills from different countries in Europe. The data are derived from information
provided by TWG members, personal communication and [Zippel, 1999]. The method of
analysing is the one used in the respective country. The efficiency of biological treatment of
pulp mill effluents is discussed further below.

It has to be born in mind that some mills are using a mixture of fibres such as a certain
percentage recovered fibre, different types of mechanical pulp, and also sometimes smaller
amounts of purchased chemical pulp. This may lead to significant variations in the initial
pollution loads.
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Mills COD Tot N Tot P Flow |Production Remarks
[kg/ADt] [kg/ADt] | [kg/ADt] [[m3/ADt] 97 [ADt/a]
Steyrermiihl, AT, Newsprint 18 V-35 n/a. n/a. 17-20 450000 reductive bleached SGW, 1-or 2-staged
bleached TMP + 50% DIP
Mill 2, DE 19 n/a. n/a. 16 n/a TMP, no further information available
Mill 3, DE, LWC 17 n/a. n/a. 13 n/a TMP, no further information available
Mill 4, DE, LWC 12 n/a. n/a. 15 n/a GW, no further information available
Mill 5, DE 18 n/a. n/a. 14 n/a GW, no further information available
Mill 6, DE 7 n/a. n/a. 10 n/a GW, no further information available
Mill 7, DE 9 n/a. n/a. 16 n/a GW, no further information available
Norske Skog Saugbrugs NO, 63 n/a. 0.04 n/a. 530000 55% MP (peroxide bleached), 12 % CP,
SC paper 2 33% filler
Norske Skog Follum, NO, 90 n/a. 0.04 n/a. 350000 > 95% MP (SGW and TMP whereof
Newsprint and MFC 2% 70% peroxide bleached), < 5% CP
Explanatory Notes:
n/a. = not avaialble; MFC = Machine Finished Coated; CP = purchased chemical pulp, MP = Mechanical pulp produced on site,
AS = activated sludge
1) The lower end of the range refer to dithionite bleaching, which is normally carried out in the pH range of 5-6. It does not
notably increase the amount of dissolved organic material. The higher end of the range refer to bleaching with alkaline hyrogen
peroxide
2) High alkalinity causes large dissolution of wood substances. Therefore, bleaching with alkaline hydrogen peroxide results in
additional load of 5-15 kg BOD/t and 15-40 kg COD/t, which is of the same magnitude as in mechanical pulping itself. The
discharge of phosphorus increases by 20-35 g/t and the discharge of nitrogen can increase to 400-500 g/t [Papermaking Science
and Technology, 1999]
3) The figures given for the two Norwegian mills are discharge levels before any treatment (before primary treatment) and are
therfore not comparable to the other figures.

Table 4.15: Examples of yearly average emission levels to water after primary treatment of some
mechanical pulp and paper mills in Europe (reference year: 1997)

The bulk of pollution is caused by mechanical pulping. Different pulping processes cause
largely differing dissolution of wood substances into the process waters. Typical concentration
from GW production wastewater is 2000 and 2500 mg/l. For TMP production higher
concentration between 2000 and 3500 mg/l (or higher) can be expected. CTMP again gives
significantly higher dissolution of wood material than TMP. Assuming a specific water
consumption between 10 and 20 m*/Adt the COD concentration of the total wastewater from
pulping and papermaking normally vary between 600 and 2000 mg/l before biological
treatment.

In integrated mills the wastewater from the pulping department is mixed with water from other
parts of the mill (e.g. coating wastewater, water from integrated DIP production) and treated in a
common treatment plant. Typically, the COD load before biological treatment varies between
below 10 kg COD/t and 35 kg COD/t (with a small share peroxide bleached TMP). For
predominantly peroxide bleached TMP manufacturing also higher COD loads are reported (up
to 90 kg/t before any (primary) treatment).

For mechanical pulp and paper mills it is difficult to present emission levels that are associated
with the use of BAT before biological treatment because the pollution load depends
significantly on the defiberizing conditions (e.g. temperature), bleaching sequences applied (pH
levels) and the raw materials used (wood species, storage). The layout and degree of closure of
the water loops (counter-current flows, use of thickeners, process water clarification) is another
important influence. Consequently, data on the amount and composition of dissolved and
dispersed substances in mill process waters before treatment vary and are mostly not sufficiently
qualified to draw general conclusions. Another difficulty is that the water system of the
mechanical pulping department is connected to the water system of papermaking which causes
interference between the two systems.

Table 4.16 shows achieved emission levels of some mechanical pulp mills in Europe that have
implemented a set of process-integrated BAT measures but not necessarily all and not
necessarily to their full extent and biological waste water treatment as well. Within brackets
emissions are given as concentrations.
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Integrated mechanical pulp Reported achieved emission levels after biological treatment raw materials
and paper mills (annual averages) and type of
wastewater
treatment
COD BOD:s o7 TSS Total P | TotalN | Flow”
[kg/Adt] [kg/Adt] [kg/Adt] [ [kg/Adt] | [kg/Adt] | [m3/Adt]
Enso summa, FI, Newsprint 1.8 0.21 0.3 0.007 0.07 24 no information
(75 mg/1) (9 mg/l) (13 mg/l)
UPM Kaipola, FI, Newsprint/LWC 2.8 0.1 0.3 0.005 0.07 19 no information
(150 mg/) (5 mg/l) (16 mg/1)
Steyrermiihl, AT, Newsprint 2.5 <0.2 <0.2 <0.01 <0.03 17-20 SGW, TMP + 50%
(125 mg/l) (10 mg/1) (10 mg/l) DIP, low load AS
Braviken, SE, Newsprint 2.0 n./a. 0.39 0.004 0.1 15 TMP + RCFP; biol.
(135 mg/l) (26 mg/l) treatm. + chem.
precip.
Kvarnsveden, SE, Newsprint, SC 2.0 n./a. 0.22 0.002 0.054 15 TMP + GWP; biol.
(135 mg/l) (15 mg/l) treatm. + chem.
precip.
Mill 2, DE, coated (e.g LWC) 0.85 <0.1 0.15 0.006 0.04 13 30% purchased CP,
(65 mg/1) (8 mg/l) (12 mg/l) (inorg. N) 30% MP,
30%fillers, DIP, 2-
stage biofilter
Mill 3, DE, LWC 0.8 0.1 0.07 0.01 0.04 8.5 30% purchased CP,
(95 mg/l) (12 mg/l) (8 mg/l) (inorg. N) 30% MP, 10% DIP,
30% filllers, AS
M-S Kirkniemi, FI, LWC 2.0 0.15 0.5 0.003 0.04 11 AS +  chemic.
(180 mg/l) (14 mg/1) (45 mg/l) precipitation
Ortviken, SE, Newsprint, LWC 2.0 n./a. 0.29 0.004 0.10 19 TMP; biol. treatm. +
(105 mg/) (15 mg/l) chem. precip.
Myllykoski, FI, LWC/SC 34 0.3 0.5 0.011 0.06 19 Activated sludge +
(180 mg/1) (16 mg/1) (25 mg/l) chem. precip.
UPM Jamsinkoski, FI, SC 2.4 0.06 0.4 0.006 0.09 15 Activated sludge +
(160 mg/l) (4 mg/l) (25 mg/l) chem. precip.
M-S Lielahti, FI, non-integrated 15 1.1 1.6 0.025 0.31 23 Activated sludge
CTMP (650 mg/l) (48 mg/l) | (70 mg/l)
Rockhammar, SE, non-int. CTMP 12 n./a. 0.8 0.007 0.2 20 Biol.  treatm. +
chem. precip.
Waggeryd, SE, non-integ. CTMP 22 n./a. 2 0.03 0.9 19 Biological treatment
Fors, SE, integrated CTMP 20 n.a. 1.5 0.003 0.2 16 Biol.  treatm. +
chem. precip.
Explanatory notes:
CP = purchased chemical pulp, MP = Mechanical pulp produced on site, AS = activated sludge, n./a. = no data available
The list of mills is a selection of mills where data were available or provided and is therefore not intended to be complete. The data are
derived from available environmental reports, statistics from Finnish Environment Institute, SEPA report 4987 (data for 1998) and from
personel communication. The method of analysis is the one used in the repective country. In Sweden and Finland the values for BOD
are given as BOD;,

Table 4.16: Examples of achieved emission levels to water after biological treatment of integrated
pulp and paper mills in Europe manufacturing wood-containing paper (reference year: 1997)

Assuming adequate design and capacity of the waste water treatment plant and appropriate
operation and control by skilled operators the following discharge after biological treatment are
associated with the use of BAT:
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Parameter Units Integrated mechanical pulp and paper mills
such as newsprint', LWC paper %, SC paper * mills

BOD kg/t of paper 0.2-0.5

COD kg/t of paper 2.0-5.0

TSS kg/t of paper 0.2-0.5

AOX kg/t of paper <0.01

Total P kg/t of paper 0.004 - 0.01

Total N kg/t of paper 0.04-0.1

Wastewater amount  |m’/t of paper 12 -20

Explanatory notes:

1) It is assumed that > 50% of the fibres consists of mechanical pulp manufactured at the mill. Different mixtures of fibre furnish
can be found in European newsprint mills . Fibre furnish might be e.g. 50-60% bleached TMP, 40-50% DIP.

2) It is assumed that > 50% of the fibres consists of mechanical pulp manufactured at the mill. Different mixtures of furnish can
be found in European LWC paper mills . Fibre furnish might be e.g. 30-40% purchased bleached kraft pulp, 50-60% PGW or|
T™MP

3) It is assumed that > 50% of the fibres consists of mechanical pulp manufactured at the mill. Different mixtures of furnish can
be found in European SC paper mills. Fibre furnish might be e.g. 10-20% purchased bleached kraft pulp, 80-90% PGW or|
TMP. 20-45% of the raw material might consists of fillers and sizes

Table 4.17: BAT associated emission levels as yearly average for manufacturing of wood-containing
paper (> 50% mechanical pulp)

Values refer to integrated mills after biological treatment. Emissions from the paper machine are
included. BAT for papermaking is described in Section 6.4

For mills bleaching with alkaline hydrogen peroxide BAT associated emission levels are rather
the upper end of the range and in a few specific cases even higher (e.g. if the fibre furnish
consists predominantly of peroxide bleached TMP pulp). On the other hand, integrated
mechanical pulp and paper mills that use a significant amount of purchased chemical pulp as
fibre furnish can achieve lower values down to 1 kg COD per tonne of paper produced.

Other grades of mechanical pulp and paper mills

In mechanical pulp mills that are integrated with a paper mill the effluent loads for the end
product include both the contribution of the pulp plant and the paper mill. In most paper mills
producing wood containing grades the required chemical pulp (if needed) is supposed to be
purchased from off-site mills. The contribution of re-pulping of this chemical pulp to the total
effluent load is negligible compared to the contribution of the mechanical pulp mill. However,
some paper and board mills producing LWC paper or cartonboard (e.g. liquid container board or
folding box board) are integrated with bleached chemical pulp mills. In those cases, the
emissions from kraft pulping have to be added according to fibre furnish. It is referred to BAT
reference levels for kraft pulping as presented in Section 2.4.

BAT emission levels for integrated cartonboard mills (> 50% mechanical pulp) will be quite
similar to those from LWC paper mills. The fibre furnish for a multi-layer board might be e.g.
25-30 % bleached kraft pulp, 70-75 % TMP; Fillers and coating colour may amount to 10-25 %.
However, a lot of other mixtures of furnish exists in European cartonboard mills.

BAT emission levels for integrated wood containing tissue mills (> 50% mechanical pulp)
should be in the same range as for integrated SC or newsprint paper mills. There are only very
few of wood containing tissue mills in Europe. The fibre furnish for wood containing tissue
might consist of e.g. 50-60 % bleached mechanical pulp and 40-50 % purchased chemical pulp.
No specific BAT emission levels are presented for this paper grade.

In contrast, the emission levels associated with the use of BAT for the manufacturing of CTMP
are significantly different because CTMP gives significantly higher dissolution of wood
material than TMP. BAT emission levels after treatment are shown in Table 4.18.
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Parameter Units CTMP !
BOD kg/ADt 0.5-1.0
COD kg/ADt 10.0-20.0
TSS ke/ADt 0.5-1.0
AOX ke/ADt ]
Total P kg/ADt 0.005-0.01
Total N kg/ADt 0.1-0.2
Wastewater amount m’/ADt 15-20
Explanatory notes:
1) Emissions are related to non-integrated CTMP production. Alkaline or neutral Na-sulphite pretreatment, Refining yield 94-|
95% [data from J.Poyry, 1998 and mill data]

Table 4.18: BAT associated emission levels as yearly avergage for manufacturing of CTMP

Values refer to non-integrated mills after biological treatment. Emissions from the paper machine
are not included. Integrated mills have to add emissions from papermaking as described in Section
6.4 according to the share of production

Table 4.17 and Table 4.18 should be read together with the following additional explanations:

Chemical oxygen demand (COD): The reduction rate for COD is related to the types and
amounts of effluents treated (e.g. peroxide bleached TMP, reductive bleached SGW, DIP
production, effluents from coating), the construction and hydraulics of the treatment plant and
appropriate adjustment of the operating parameters. The wastewater from mechanical pulping is
easier degradable than those from chemical pulping. COD removal rates of 75 - 90 % are
achieved by well designed and controlled low loaded plants. Consequently, emission levels of 2
- 5 kg COD/ADt can generally be achieved by mills manufacturing wood-containing paper. The
concentration measured in effluents of this mills are in the range of 125 - 200 mg COD/I. CTMP
mills discharge higher concentrated wastewater. Because of the chemical pretreatment of the
woodchips CTMP mills discharge higher emissions to water.

Biological oxygen demand (BODs ,, 7): In well designed treatment plants BOD is removed
almost completely (95% + removal) from mechanical pulp mills waste water when the carbon-
phosphorus-nitrogen ratio and oxygen supply is maintained sufficient and well controlled.

The BOD concentration in treated effluents below 25 mg/l (often close to the detection limit)
are associated with BAT. Depending on the water flow this corresponds to 0.2 kg BODs/Adt
and 0.7 kg BODs/Adt.

Total suspended solids (TSS): Under normal operation conditions, the water from the
secondary clarifier is fairly clear and its suspended solids content in the range of 20 to 30 mg/1.
This corresponds to discharges of 0.2 — 0.5 kg TSS/Adt. The values depend on the surface load
of the secondary clarifier and the characteristics of the biomass.

Phosphorus and nitrogen (Tot-P and Tot-N): Mineral nutrients are usually added to the
biological treatment plant to keep the balance C : P : N which is of crucial importance for the
growth of active biomass. It is necessary to find and keep a balance between incoming N- and
P-compounds that are available for biomass and the amount of nutrients, if any, added which
requires a certain fine-tuning of the nutrient feed. When the system is well optimised the
phosphorus discharge of below 0.5 mg tot-P/l and 1 - 5 mg tot-N/l are achieved. The
corresponding loads are 0.005 - 0.01 kg P/Adt and 0.05 - 0.2 kg N/Adt respectively.
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Measures for reducing emissions to air

Auxiliary boilers

Depending on the actual energy balance of the mill, the type of external fuels used and the fate
of possible biofuels as bark and wood-waste additionally there are atmospheric emissions from
auxiliary boilers to consider. Emission levels associated with BAT from auxiliary boilers
incinerating own biofuels and different fossil fuels are given in Table 4.19. The total releases to
air are very site specific (e.g. type of fuel, energy demand, production of electricity). It has to be
noted that auxiliary boilers within the pulp and paper industry are of a very variable size (from
10 to above 200 MW). For the smaller only the use of low-S fuel and combustion techniques
can be applied at reasonable costs while for the larger also control measures. This difference is
reflected in the following table. The higher range is considered BAT for smaller installations
and is.achieved when only quality of fuel and internal measures are applied; the lower levels (in
brackets) are associated with additional control measures like SNCR and scrubbers and are
regarded as BAT for larger installations.

Released substances Coal Heavy fuel Gas oil Gas Biofuel
oil (e.g. bark)

mg S/MJ fuel input 100-200" 100200 " 25-50 <5 <15

(50 - 100)° (50-100)°
mg NO/MJ fuel 80-110° 80— 1102 45-60 ° 30 -60 ° 60 -100 >
input (50-80 SNCR)’ | (50-80 SNCR)’ (40-70 SNCR)’
mg dust/Nm’ 10-30° 10-40* 10-30 <5 10-30°

at 6% O, at3 %0, 3% 0, 3% 0, at 6% O,
Notes:

1) Sulphur emissions of oil or coal fired boilers depend on the availability of low-S oil and coal. Certain reduction
of sulphur could be achieved with injection of calcium carbonate.

2) Only combustion technology is applied

3) Secondary measures as SNCR are also applied; only larger installations

4) Achieved values when electrostatic precipitators are used

5) When a scrubber is used; only applied to larger installations

Table 4.19: Emission levels associated with the use of BAT for different fuels

VOC emissions

Due to high temperature of defiberizing, a part of the volatile wood compounds are evaporated
during processes. The amount and composition of volatile organic compounds (VOCs) are
greatly dependent on the resin content of the wood. In cases where wood species with high
extractive content are used and generated VOC emissions are not sufficiently recovered in the
heat recovery units and the start-up scrubber for TMP steam, collection and further treatment of
volatile compounds is regarded as BAT. VOC containing exhaust air can be incinerated in
existing boilers.

Emissions from incineration of waste residues
BAT is the use of fluidised bed technology at solid waste boiler. Flue gases are cleaned
according to the requirements set for incineration of the given composition of the fuel input.

Measures for reducing solid waste

Most of the solid material that forms waste flows is created during debarking (bark, debarking
loss of wood, sawdust, and chipping dust). Other solid waste consist of fibre losses during
pulping, and sludge from primary and secondary wastewater treatment. In many mills all these
residues with high organic content are recovered and burned in auxiliary boilers. Generally, the
following measures are considered as BAT:

Pulp and Paper Industry 213



Chapter 4

1. Minimisation the generation of solid waste and recover, re-cycle and re-use these materials as
far as possible.

2. Separate collection of waste fractions at source and, if necessary, intermediate storage of
residuals/waste to make possible an appropriate handling of remaining waste products

3. Incinerating all non-hazardous organic material (bark, wood waste, effluent sludge, etc.) in
emission optimised auxiliary boilers, specially designed for burning of moist, low calorific
value fuels (as e.g. fluidised bed boilers).

4. External utilisation of residuals/waste as substitutes in forestry, agriculture or other
industries, if possible

5. Minimisation of disposal of rejects to landfills

It should be noted that there is little detailed and reliable information available on achievable
amounts of solid wastes. There is a lack of statistical data and various terms for different waste
fractions are used in Europe. Some countries report only those solid waste - primarily inorganic
solid wastes - which no longer can be recycled or reused, but have to be disposed off to landfill.
This implies that all the organic wastes which have a reasonable heating value and/or which can
be incinerated without the risk of hazardous emissions in the auxiliary boiler of a mill are
already excluded from the given solid waste amounts (bark and wood waste, primary and
biosludge from waste water treatment). Hence, the solid waste disposed of at landfill comprises
mainly boiler ashes, some wood and bark waste rejects and miscellaneous cleaning and mixed
household-type wastes.

For the reasons mentioned above, no achievable values on the amount of non-hazardous solid
waste are presented.

A small amount of hazardous waste is generated in all mills. Such waste include oil and grease
residues, used hydraulic and transformer oils, waste batteries and other scrap electrical
equipment, solvents, paints, biocide and chemical residues, etc. Normally they amount to about
0.05-0.1 kg/t of product.

Energy saving measures

In general in this sector BAT is considered to be the use of energy efficient technologies. A lot
of options for energy saving in many stages within the manufacturing process are available.
Usually these measures are linked with investments to replace, rebuild or upgrade process
equipment. It should be noticed that energy saving measures are mostly not applied only for
energy saving. Production efficiency, improvement of product quality and reduction of overall
costs is the most important basis for investments.

To decrease energy consumption the following measures are available:

1. Implementation of a system for monitoring energy usage and performance. Based on
reliable energy performance information appropriate action can be taken. Energy
management includes setting, controlling, reviewing and revising energy performance
targets.

2. Upgrading of equipment. When replacing equipment less energy consuming equipment
with possibilities for automated process control instead of conventional manual systems.
Automated controlled systems are more efficient to control and can result in more accurate
processing and energy savings (see also Section 6.3)

3. Minimisation of reject losses by using efficient reject handling stages and reject refining. If
fiber bundles (shives) and undeveloped coarse fibres are removed from the main process
line, the energy, which was already spent for first grinding/refining would be lost. The
reduction of reject losses after grinding and mainline refining and the further refining of
shives and coarse fibres to develop the properties to the quality level needed thus decreases
specific energy consumption.
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4. Use of effective heat recovery systems (applies only for TMP and CTMP). Large volumes
of steam are generated in TMP refining because around two-thirds of the refining electrical
energy is transformed in thermal energy in the form of hot saturated steam. The impurities
present in the TMP steam make the heat recovery unit necessary because the direct use of
TMP steam is not possible. The TMP steam is separated from the fibres in cyclones and
then condensed in the reboiler against vaporising clean steam. The clean steam is normally
used in the paper machine department

5. Application of co-generation of heat and power where the power/steam-ratio allows it

For further measures to reduce energy consumption that are generally applicable to paper mills
it is referred to Section 6.3. Major possibilities for improvement discussed in this section, are
e.g. optimization of the de-watering at the wire section by installation of a wide nip press. and
use of energy efficient technologies. Also the reduction of direct use of steam by careful process
integration by using pinch analysis is mentioned there.

In many European countries, information on energy balances of paper mills is poorly available
in public. Different reporting schemes, if any, for energy consumption are used. Energy demand
also depends on the product quality (e.g. degree of refining) and partly on local conditions.
Therefore, it is difficult to present energy consumption values associated with the use of BAT.
The ranges of energy consumption shown in Table 4.20 should only be taken as an indication
about the approximate need of process heat and power at energy efficient mechanical pulp and
paper mills. Further examples of energy efficient mills including the specific conditions might
be possible to add in a reviewed version of the BREF.

Type of mill Process heat Power consumption
consumption (net) (net) in MWh/Adt
in GJ/Adt "
Integr. machine finished newsprint (100% TMP) -13° 2.2
Integrated SC magazine paper (100 % TMP) -03° 2.1
Integrated newsprint (>50% mechanical pulp) 0-3.0 2.0-3.0
Integrated LWC mill (>50% mechanical pulp) 3.0-12.0 1.7-2.6
Integrated SC mill (>50% mechanical pulp) 1.0-6.0 1.9-2.6
Integrated Cartonboard (>50% mechanical pulp) 3.5-13.0 2.3-2.8
Non-integrated CTMP 0 2.0-3.0
Explanatory notes: (-) indicates a surplus
The units can be converted from MWh to GJ according to | MWh =3.6 GJ and 1 GJ =0.277 MWh
Data from [J.Poyry, 1998], [SEPA Report 4712-4, 1997], [Finnish BAT Report, 1997]
1) The net process heat consumption depends mainly on the type of refining and the degree of heat recovery
2) The values can only be reached if heat recovery, paper machine press section and the use of electricity are all
implemented and operated in an ideal way. In existing processes this is rarely the case

Table 4.20: Indication for energy consumption associated with the use of BAT for different types of
production of wood-containing papers per tonne of product

Noise attenuation

BAT is the reduction of noise levels audible in the vicinity of paper mills. The measures applied
will depend to a large extent to the specific noise problem of a mill and the targets set. Usually
they will be much stricter when the mill is located adjacent to a residential area.

Chemical usage

It is referred to Section 6.4
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4.5 Emerging Techniques

451 Use of new evaporation techniques as “kidney” for internal
cleaning of process water

Description: In mechanical pulping most of the organic material released during production
comes from a few sources (e.g. filtrate water of bark compression, separated flow from
debarking circulation water, dissolved organic material during grinding/refining, bleaching
filtrates). Currently, in most mills wastewater treatment is done together for all mill effluents,
which is a purposeful way to achieve a stable operation in the biological treatment. Recently, a
few mills introduced new concepts, which focus on internal treatment of most concentrated or
problematic partial wastewater streams by other techniques. Thus, it is tried to separate
contaminants closer to their place of origin to decrease the size of the water treatment
equipment needed. In principal, to reduce the amount of contaminants, micro-flotation,
membrane filtration, chemical oxidation, evaporation and combinations of these techniques
could be used. Energy consumption and investment and operating costs in the given application
will have a crucial influence on the choice of treatment system.

For mechanical pulp and paper mills multi-effect vacuum evaporation seems to be especially
promising because sufficient amounts of waste heat is available to operate the treatment system.

Status of development: Two mechanical pulp mills in Sweden and Finland have recently built
an evaporation plant to treat a large portion of the TMP (StoraEnso Kotka, FI) and CTMP
effluent (Stora Fors, SE). Both mills are using a new kind of co-current type Multi Effect
Evaporator called ZEDIVAPO to produce pure water for reuse. Free flow falling-film lamellas
are used as heat transfer surfaces. Optimisation work is still carried out in both mills.

Environmental implications: This new application of advanced wastewater techniques opens
the door to significant reductions in effluent volumes and loads to recipient. The process utilises
waste heat streams available in the mill and the effluent’s own latent heat. In this case, the
electricity consumption of the evaporation plant is approximately in the same range than in
conventional biological systems. The total energy demand depends on the number of effects.
For instance, a plant with 10 effects needs only 10% of the energy of a single effect. However,
the handling and treatment of the concentrates are still waiting for a satisfactory solution. In the
present, there are very site-specific solutions (burning of concentrates in adjacent kraft pulp
mills recovery boiler). A prerequisite for the application of those systems is that strict water
management is followed in all departments of a mill.

Economic considerations: Modern techniques for internal cleaning and reuse of process waters
can be as cost effective as traditional wastewater purification (biological treatment). [Edelmann,
1999] has compiled figures on energy consumption, and investment and operating costs for the
major treatment options as shown in the following table. However, whether this technique can
be economically justified depends on the specific conditions of the given mill.

Water treatment methods Electricity Typical Investment Operational
consumption capacity costs costs

kWh/m?® water (m3/d) Euro/(m*d) | Euro/(1000 m?)
Chemical treatment of raw water 0.30 30000 170 73
Biological effluent treatment 1.20 30000 620 136
Microflotation 0.23 10400 20 104
Ultrafiltration 2.60 5000 470 153
Multiple effect evaporation 1.34 3600 840 35
Mechanical vapour compression 13 3600 1360 328
Cooling tower 0.12 39000 130 3

Note: Figures are based on equipment deliveries only and total project costs/local application costs are not included
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References: [Edelmann, 1999], [Gartz, 1996], [Gartz, 1998], [Wigsten, 1995], [Legnerfilt,
1997]

4.5.2 New energy efficient TMP processes

Description: The TMP process consumes large amounts of electrical energy in the range of
1600-3200 kWh/ADt. The process shows a great flexibility in many respects and it is not likely
that the industry would switch the existing TMP processes to PGW (apart from some cases),
which consumes less power (about 600-1200 kWh/ADt less) than TMP production for the same
grades.

Therefore, a lot of development work has been focusing on reduction of the power consumption
in the TMP process. There have been promising pilot trials such as the KCL multistage process,
which indicate that significant power reductions of about 10-15% (200-450 kWh/t) are possible
by changing the refining strategy. This claim cannot be fully verified at present stage. However,
since the mid-1990s there are also a few mill-scale applications of new energy efficient TMP
processes (RTS, Thermopulp]).

Status of development: There are two new TMP systems on the market, the RTS process and
the Thermopulpl] process, that consume substantially less energy than “normal” TMP
processes. In the mid-1990s, several lines of the Thermopulp[J process went into operation both
in Europe and North America. The first RTS installation was at Perlen Papier AG, Switzerland,
in 1996. Both system can be considered as available techniques but would normally only be
installed at new mills or when existing equipment is replaced.

Environmental implications: The so-called “RTS” process reduces the energy consumption in
chip refining by increasing the disc speed. The high speed operation is restricted to the first
refining stage. At the same time the temperature is raised during this stage. “R* stands for
retention time, the “T* for temperature, and the “S* for speed. The first full-scale experience
suggests that an energy reduction in the order of 15% compared to conventional TMP is
possible using this system. Specific energy consumption of the first commercial RTS operation
is 1.85 MWh/ at a Freeness level of 94.

In the Thermopulpl] process, the first refining stage is performed at a relatively low
temperature. The pressure and temperature are raised before the second stage refining, which is
performed at very high pressure and temperature (up to 700 kPa and 170°C). Energy savings of
10-20% have been reported. Specific energy consumption in mill scale at a North American mill
is 1.75 MWh/t at a Freeness of 160.

Economic considerations: No data available. Energy savings must be balanced with
investment costs. It can be expected that the new technology will only be implemented

gradually due to remaining life-time of present equipment and plants.

References: [SEPA-Report 4712-4, 1997], [Paper Science and Technology, 1999]
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5 RECOVERED PAPER PROCESSING

Recovered fibre has become an indispensable raw material for the paper manufacturing
industry, accounting about one-third of the total raw materials because of the favourable price of
recovered fibres in comparison with the corresponding grades of market pulp and because of the
promotion of wastepaper recycling by many European countries. In Europe there is an average
utilisation rate of recovered paper of 43 %. But is has to be taken into account that the
maintenance of the fibre cycle relies on the feed of a certain amount of primary fibres to ensure
the strength and other properties of the paper to be produced.

For effective use of recovered paper it is necessary to collect, sort and classify the materials into
suitable quality grades. * Therefore, after collection recovered paper is brought to the collection
yards where it is sorted. Detrimental substances as e.g. plastics, laminated papers etc. are
removed before balling as well as possible. The sorted recovered paper is usually compacted by
baling machines. Industrial recovered paper from large generators is usually delivered to and
processed in recovered paper yards integrated in the paper mill.

5.1 Applied Processes and Techniques

The recovered paper processing system varies according to the paper grade to be produced e.g.
packaging paper, newsprint or tissue paper and the type of furnish used. Generally, recycled
fibre (RCF) processes can be divided in two main categories:

* Processes with exclusively mechanical cleaning i.e. without deinking comprising products
like testliner, corrugating medium, uncoated board and cartonboard

* Processes with mechanical cleaning and de-inking comprising products like newsprint,
tissue, printing and copy paper, magazine papers (SC/LWC), coated board and cartonboard
or market DIP

Many different recovered paper processing systems are applied in European paper mills.
However, they are all based on similar process steps that may be combined differently to fulfil
their specific task. All process systems are aiming at defibration, deflaking and removal of
impurities i.e. efficient separation of fibrous material and impurities and contaminants. Recycled
fibre plants consist of similar "building blocks" designed for the specific task. These typical
stages of recycled fibre processing are as follows:

Recovered paper storage

Recovered paper is normally delivered to the paper mill in the form of bales kept together by
metal wires or straps. The bales are opened by cutting the wires or straps that are collected and
sold as metal waste. To some mills recovered paper is also delivered as loose material in big
containers or by bulk dumping. The recovered paper is stored on recovered paper yards
integrated in the paper mill.

Repulping of the dry recovered paper

The recovered paper is put into a pulper together with hot water or white water, and pulped with
mechanical and hydraulic agitation resulting in their disintegration into fibres. After repulping
the recovered paper has a pulping consistency for subsequent treatment. Some chemicals such
as deinking agents and NaOH are often added as pulping additives. Usually the detachment of
inks already begins in the repulping stage. Different technical solutions are available for various
types of raw materials and products. There are three types of pulper: low consistency (LC: 4-6%
DS), high consistency (HC: ca. 15 -20%) and drum pulpers. There are batch and continuous

4

CEPI has published in February 1999 the European List of Standard Grades of Recovered Paper and Board®. This list gives a
general description of the standard grades by defining what they do and do not contain.
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types. Contaminants and clusters are removed continuously during operation by a dirt trap (e.g.
screen plate) and are sent to a reject conveyor, in order to avoid the contaminants breaking into
small pieces or accumulating in the pulper. There is an increasing use of secondary pulpers for
further defibration, deflaking and cleaning from heavy-weight (HW) and lightweight (LW) dirt.
The installations trade under different names but are based on similar functioning. Also
screening drums are used.

Normally, the water for disintegration is totally re-circulated process water that come as white
water from the paper machine.

Mechanical removal of impurities

The removal of mechanical impurities is based on the differences in physical properties between
fibres and contaminants, such as size, specific gravity compared to fibres and water. Basically
there is screen-type equipment with different dimensions of screen opening (holes and slots) and
various types of hydrocyclones (high consistency cleaners, centrifugal cleaners etc.).

The partially cleaned pulp slurry is pumped from the pulper to hydrocyclones (high density
cleaners) in which centrifugal forces remove smaller heavy weight particles. The rejects of these
cleaners as well as of the pulper disposal system usually have to be disposed of by landfilling
(high content of inorganic material).

The next process stage is screening to separate contraries, which are larger than the openings of
the perforated baskets of the pressurised screens. The selection of screen type depends on end
product and the quality of the fibre furnish used. Coarse screening (3-4% consistency) for the
removal of coarse contaminants during stock preparation can be distinguished from fine
screening in the approach flow (1% consistency) of the paper machine. The applied devices are
similar in functioning but have different fineness of the separating optimum. Generally,
screening at a lower consistency is more efficient, but it requires extended machinery
installations and consumes more energy. The reject has to be deposited or further treated.
Depending on the furnish quality to be achieved the stock preparation plant for recovered paper
processing has to be equipped with additional machines such as fractionators, dispergers or
refiners. A fractionator separates the pulp in two fractions rendering it possible to treat short and
long fibres of the pulp slurry in different manners. The energy demanding process of disperging
can be performed in order to achieve improved fibre-to-fibre bonding (better strength
characteristics) in the paper produced and to reduce visible dirty specks in size. A stock
preparation plant for the processing of recovered paper can be optionally equipped with refiners
to improve optical and strength characteristics of the paper. Refining is associated with a
substantial energy demand.

A possible arrangement of RCF process with mechanical cleaning for the production of case
making materials (here: testliner) is shown in figure below. It has to be pointed out that in
practice each plant is individually equipped with machines of one or several suppliers,
depending on the recovered paper grades used, the demands of the final product quality, the
runnability of the paper machine and on local conditions regarding environmental issues.
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Recovered Paper
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Figure 5.1: Flowsheet of an example for a stock preparation plant concept for processing recovered
paper for case making material (2-ply testliner)
[IFP, 1998]; HW = heavy-weight impurities; LF = Long fibre fraction; SF = Short fibre fraction

The preparation of recovered paper for the manufacturing of testliner and corrugated medium is
applied by about 150 mills in Europe. It is the first market in tonnage for paper-board in Europe
(case materials’ account for 26% percent of the total paper and board production using a share
of 86% of recycled pulp as an European average).

Processes with flotation deinking (optional)

Ink removal is necessary in plants manufacturing paper grades where brightness is important
e.g. for newsprint, printing and writing paper, tissue or light topliner of recovered paper based
cartonboards. The main objectives of deinking are increasing of brightness and cleanliness and
reduction of stickies. It should be noted that the difference between de-inked and non de-inked
grades is in the process and not in the product itself. Depending on the quality of the recovered
paper used, market requirements or production needs, also packaging papers and boards could
be de-inked.

> Case materials: Papers and boards mainly used in the manufacture of corrugated board. They are made from any combination of

virgin and recovered fibres but the raw material used by this industry is mostly based on waste paper-board. Included are
kraftliner, testliner, semi-chemical fluting, and waste paper based fluting (wellenstoff).
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A complete deinking plant includes also the above mentioned basic unit operations repulping,
screening and cleaning for removal of coarse contaminants (non-paper items as stones, sand,
metal, string, glass, textiles, wood, plastic foils, paper clips etc.). Additionally to mechanical
cleaning of the furnish a chemical pretreatment of the pulp and a removal of printing inks in
flotation cells is carried out. A prerequisite for successful deinking is that the ink particles are
released from the fibres and kept in dispersion. For this purpose deinking chemicals as NaOH,
sodium silicate, hydrogen peroxide, soaps or fatty acids and chelating agents are added mostly
already in the pulping sequence (usually there is no need for the use of chelating agents in
recovered paper bleaching). The dispersed ink particles are then separated from the fibre slurry
by means of (multi-stage) flotation techniques. The operation principles of flotation deinking
are the following: Air is introduced to incoming pulp in fine bubbles; ink particles are collected
by surface chemical characteristics to air bubbles; ink laden froth is skimmed out from the
surface. Depending on the cell size and construction there may be several cells in series to
achieve a proper dwell time for ink removal. In order to reduce fibre loss with deinking sludge
the foam from primary cells is often treated with secondary cells in cascade mode. Ink froth and
rejects are dewatered separately in a centrifuge or wire press type equipment up to 50% DS.
Deinking sludge is incinerated or deposited.

After deinking the pulp is thickened and sometimes washed using sieve belt presses, (disc)
thickeners, screw presses, and washers. After these cleaning steps, the pulp may still contain
small residual impurities, such as remains of printing ink particles, wax or stickies, which
originate e.g. from hot-melt glues etc. These impurities can be dispersed so finely with a
disperser that the particles are invisible to the naked eye. Before dispersion the dry solids
content of the pulp has to be increased from around 5 - 12% % to 25-30% because dispersion
requires strong friction forces and high temperatures around 95 °C or more. The dispergers itself
are a similar device as refiners as described in Section 4.1.2. After dispersion the stock is diluted
again.

The order of the operation may vary from mill to mill and some of the steps may be repeatedly
performed.

A deinking plant concept with flotation deinking for the preparation of RCF for newsprint is
shown in Figure 5.3.

Processes with wash deinking and ash removal (optional)

Flotation deinking is efficient for particle sizes from 5-100 pm. Ink particles, which are smaller
than the optimum range for flotation deinking can be removed by washing deinking which is
basically a multistage dewatering. Besides inks, fillers and fines are removed by washing.
Washing is often carried out in several stages with counter-current water flow i.e. the filtrate of
the secondary stage is used for dilution of the stock in the preliminary stage. Coated papers are
especially sensitive to impurities in the uncoated base paper and require very clean RCF pulps.
Therefore, a modern deinking plant for preparation of recovered paper to LWC paper includes
often both flotation and washing deinking as they complement each other.

If ash removal is required as for tissue paper or for market DIP the system must always include
a washing stage as shown in Figure 5.4.

Bleaching (optional)

Before entering a storage tower the pulp is often bleached by use of bleaching chemicals.
Generally hydrogen peroxide (P), hydrosulphite (Y) or formamidine sulfinic acid (FAS) are
used. Bleaching chemicals are added directly in the disperger to maintain or increase the
brightness. The reaction itself takes place in a bleaching tower ensuring a sufficient dwell time.
Any possible increase in brightness depends on the raw material and on the pre-treatment of the
stock. Hydrogen peroxide bleaching is carried out in the presence of NaOH, sodium silicate and
sometimes chelating agents. For almost wood-free secondary fibre stock so-called
unconventional bleaching chemicals oxygen and ozone can be used.
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Finally the pulp is pumped to the storage chests or mixing chests. These chests serve as a buffer
between the stock preparation and the actual paper machine, to promote process continuity. In
the mixing chests the required additives are added and the correct fibre consistency is adjusted
for proper sheet-forming in the paper machine.

Process water purification

Water from the dewatering stages may be clarified in a micro-flotation unit. The process water
is then reused in the process. The micro-flotation unit gives a sludge that is thickened and
deposited or incinerated. In case of washing deinking the total water usage is reduced by
recycling the wash water as well. Solids have to be removed from the filtrate by a separate
flotation unit.

Final cleaning and dewatering

Different types of fine screens and cleaners remove residual contaminants before the highly
diluted pulp slurry is fed to the paper machine.

Dewatering/thickening may be done by disc filters and screw presses to achieve the pulp
consistency needed as well as to keep the white water loops separated.

Reject and Sludge Handling

In the processing of recovered paper various types of rejects and sludge in varying quantities are
collected and have to be handled. These are treated in the sludge and reject system. A reduction
in the quantity of residues to be disposed of can be achieved if similar types of rejects from
various process steps in the stock preparation and the approach flow system are collected and
treated together. Fibre recovery also contributes to minimising the quantity of residues.

5.1.1 Examples of Recovered Paper Processing Systems

Various product characteristics require different cleanliness and brightness properties from the
RCF pulps and the process concepts vary accordingly. For example, de-inking is not required in
many board grades. On the contrary, a very efficient multistage process is required for high
speed paper machines, thin paper or for grades where brightness is important. The degree of
sophistication of the whole process depends on the furnish used and the paper grade to be
manufactured. Therefore it is not reasonable to describe "one typical" recovered paper
processing system.

In the following the main recoveredpaper processing systems that can be distinguished are
discussed more in detail by way of example:

* RCF stock preparation for packaging paper and paperboards (testliner and corrugated
medium)

¢ RCF stock preparation for newsprint and simple printing and writing papers

¢ RCF stock preparation for LWC/SC papers and high-grade printing and writing paper

¢ RCF stock preparation for tissue and market deinked pulp (DIP).

The recovered paper processing systems may differ from each other by using different types of
furnish and they have different impacts on the environment with respect to energy and fresh
water demand, effluents and residues.

5.1.1.1 Packaging Paper and Boards
For the production of packaging papers or board from recovered paper i.e. testliner and

corrugated medium only mechanical cleaning is applied i.e. no deinking process is needed. For
these paper grades supermarket and mixed recovered paper grades are commonly used. The
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following diagram shows a system for the preparation of secondary fibre testliner. For the
preparation of testliner stock there are more complex two loop systems (Figure 5.2) and lower
cost single loop systems in operation. The two loop system allows easier control of the process
resulting in improved paper machine efficiency and operates with a screening stage at the
approach flow purely as a safeguard measure (police function). During pulping coarse rejects
are separated and the flake (flock) size is pre-calibrated. The following multi-stage cleaning and
screening system removes heavy particles (e.g. sand), flat disturbing components, stickies, fine
sand and leads to deflaking of the stock with good optical homogeneity. For testliner and fluting
systems some mills are operating with totally closed water loops. Closed water loops operate
satisfactorily from the point of view of manageable plant conditions and good product quality if
around 3 to 4 m® of process water per tonne finished stock are treated in an integrated biological
clarification plant (see Section 5.3.4).

Pulping system

HC (+MC) cleaner

Loop 1

Reject system

Top liner
Back liner
]
Thickening (disc filter] =
Stock preparation hickening (disc filter) — | |
padliiiiiiialiin
Approach system / PM r 'I‘ “““““ A
1 Refining
L Screening (#) 1%
_ H Reject fractioning
Loop 2 L Screening (#) iI » X
Save all (DAF)
Y v ww2
Paper Machine F%i
ww1 A
* 'l-_-_.; = Optional

Figure 5.2: Example of an overall plant concept for testliner (2-loop system)

HC + LC = high & low consistency cleaners; HW = Heavy-Weight; DAF = Dissolved Air Flotation;
# = Slot screens.

The processing of recovered paper tends to be similar for the different grades of packaging paper.
High-grade folding box board tends to require a greater deal in terms of process equipment than
testliner, testliner manufacturing usually requires a greater deal than fluting

5.1.1.2 Newsprint and Simple Writing and Printing Paper

The system shown in Figure 5.3 represents an example of a possible lay out for the production
of stock for newsprint. The raw material used is a typical deinked pulp consisting of a 50:50
mixture of newspapers and magazines. The system is characterised by a two-stage flotation and
bleaching combined with an intermediate dispersion. For upgraded newsprint qualities with
higher demands on brightness, a reductive stage with hydrosulphite may follow thickening. For
the production of graphic papers from recovered paper, water loop design and water
clarification is especially important.
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Figure 5.3: Example for an overall plant concept for (improved) newsprint

There are also other approaches to newsprint line process configurations

LC = Low Consistency; MC = Middle Consistency; HC = High Consistency; HW = Heavy-Weight;
DAF = Dissolved Air Flotation; Oxidative bleaching (peroxide): for brightening the fibre stock and
reduction of fibre mottling effect; Reductive bleaching (Hydrosulfite, FAS): for colour stripping

A systematic separation of the individual water loops based on the counter current principle is
essential. Deinking lines can consist of various configurations and there can be two, three or in
some cases four loops. Above, a two-loop system in the stock preparation system with a
separate paper machine loop is shown. Internal clarification of the water circuits which are
separated by thickening stages is carried out by dissolved air flotation (DAF) in order to control
the loads of colloidal and anionic substances in process water and to maintain the fines and
ashes at a controllable level in the process water loops. Sludge from the production line and
from the flotation units is fed to sludge treatment. The coarse rejects separated in the production
line are thickened in the reject system. Upgraded newsprint is usually manufactured in two-loop
systems achieving about 63% ISO brightness (since reductive bleaching), low dirt counts (since
flotation II), ash contents in the range of 10 - 12% (since flotation II) and a low amount of
stickies (since additional slot screening). Compared to it, standard newsprint can be produced in
one-loop systems i.e. without a secondary flotation stage. As a consequence, the brightness is
lower (ca. 59 % ISO since no reductive bleaching), the amount of specks higher (since no sec.
flotation) and the ash content is higher as well (in the range of 14 - 15% since no sec. flotation).

Recovered fibres are also used for lower grades of printing and writing paper manufacturing.
These recycled grades are normally wood-containing and intended for office use as copy paper
or stationary products. As a process system a similar flotation-based system as for upgraded
newsprint as shown in Figure 5.3 can be utilised. As raw material a fairly constant proportion
(50:50) of newsprint and magazines is used.
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5.1.1.3 LWC/SC-Paper

When processing household recovered paper into DIP stock for higher grade wood-containing
graphic papers such as SC and LWC grades exact requirements have to be achieved. This
includes the need of a low level of disturbing components, high surface quality (i.e. free of
shives and fibre bundles to ensure a smooth surface) and demanding optical requirements (e.g.
brightness, cleanliness) of the finished product.

The furnish normally consists of recovered newsprint and magazines. SC papers are bulk
printing papers produced on high speed machines. One of the main criteria for processing
household recovered paper (deinking furnish) into bulk printing papers is constant quality.
Therefore, the screening, cleaning and disperging stages are very important. Because of the high
optical requirements concerning brightness and cleanliness a two-stage flotation and bleaching
is necessary.

An overall plant concept could look similar to the one presented for improved newsprint as
shown in Figure 5.3. In this stock preparation concept the problem of disturbing components
(colloidal contaminants, anionic trash) which may disturb the sensitive retention mechanism on
the paper machine is solved by an appropriate water circuit/water clarification design in stock
preparation. The system has clearly distinctive water loops, the first of which is normally
alkaline and extends from the pulper to the thickening stage prior to disperging. The second
loop ends at the thickening stage prior to secondary bleaching. Thickening stages with strict
water loop separation ensures the reduction of contaminants in process water. The separated
loop concept is based on the principle that disturbing contaminants can not travel throughout the
whole process water system. The anionic trash and colloidal contaminants containing filtrates
from thickening are clarified by micro-flotation based on the flocculation and precipitation
principle.

The necessary surface characteristics can be achieved by an additional refining stage for
reduction of the large, long TMP fibres occurring in household recovered paper. Refining
improves smoothness and printibility of the paper. The refiner can be placed after the reductive
bleaching stage in a similar concept as shown in Figure 5.3.

If the ash content of the finished stock is permitted to exceed 8 - 10 % there is no need for a
washer. The use of a washer leads to relatively high losses. Therefore, for economical reasons it
is favourable if a washer could be avoided.

5.1.1.4 Tissue Paper and Market Pulp

When using recovered paper for the production of high quality tissue or market DIP, it must be
processed in such a way that not only coarse contaminants, but also printing inks, stickies, fines
and fillers have to be removed. This considerable reduction in ash and fines means about 30% -
100% more recovered paper is needed compared with the finished stock which means a
relatively high amount of waste has to be handled and treated. There are examples (e.g.
Niederbipp mill, Switzerland) where all rejects, including sludge, are incinerated on site,
generating steam for mill consumer points, resulting in a reduction of residues to ash which is
used as an aggregate in the building industry (cement). The major difference of these grades
compared to newsprint mentioned above (5.1.1.2) is the requirement of deashing (removal of
the fines and fillers) due to the requirements on PM runnability and softness and absorbency of
the end product. As an example, depending on the grades of recovered paper used as raw
material the ash content may vary between 15% and 38% (in case of coated woodfree papers).
The direct impact of the ash content on the amount of solid waste generated during recovered
paper processing should be considered when comparing figures on the amount of solid waste.

For most products as e.g. kitchen rolls or toilet paper the same raw material as for newsprint
could be used i.e. a mixture of newsprint and magazines or in more general terms medium and
high qualities of recovered paper. But if available for a reasonable price, predominantly wood-
free furnish (office recovered paper) may be used.
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Figure 5.4 shows a simplified diagram of the recovered paper preparation plant. Main features
of the system are the following: a high consistency pulper with dumping system where coarse
contaminants are held back by a perforated screen plate and immediately removed. The rejects
are then post-treated in a perforated drum screen and finally thickened in a reject screw press.
Accepts are treated in high consistency cleaners followed by low consistency cleaner as a
second stage removing mainly metallic trash such as paper clips, staples, etc. The stock is
further processed in multistage screening and cleaning system. As in all stock preparation plants
for processing recovered paper the basic principle in pulping, cleaning and screening is to
ensure early discharge of rejects and contaminants.

HC(+MC) cleaner system
Sludge

J' Sludge treatment j
el DAF 2
—— |

HW-Cleaner

LC-Cleaner

Thickening |
(press)

Oxidative Bleaching
Flotation

Washer Il

Reductive Bleaching A
PM Loop

<

HW-Cleaner
LC Screening
Paper Machine

Water

Loop |

Loop Il

DAF 1

Figure 5.4: Example for an overall plant concept for a recovered paper preparation plant for tissue
paper

HC = High Consistency; MC = Middle Consistency; LC = Low Consistency; HW = Heavy-Weight;
DAF 1 + 2 = Dissolved Air Flotation 1 + 2

Washing is carried out in low pulp consistency and it involves efficient use and recirculation of
washing water. The circulating water has to be cleaned and the washing water ink and other
solids have to be removed by dissolved air flotation or other efficient water cleaning
technology. Washing 1 serves for removal of ash, fines and fine ink particles and is followed by
a wire press for thickening the stock to about 30 %. The washing filtrate is cleaned in flotation
unit with the addition of cationic flocculants. Ash and fines are removed and the water is
returned to the system. The stock is heated by means of a heating screw and treated in a
disperger that separates any ink still adhering to the fibres and simultaneously mixes in the
bleaching additives. The flotation stage removes the ink particles separated by disperging as
well as dirt specks and stickies. Secondary bleaching may follow washing 2 and the stock is
then sent either to the storage tower or a final screening and cleaning in the approach flow of the
paper machine. The handling of rejects and sludge is a crucial point for RCF tissue mills
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because of the relatively high amount of sludge from different sources (recovered paper
preparation, DAF, tissue machine, biological wastewater treatment plant) with an organic
carbon content of around 50.

Additional information on tissue manufactured from virgin fibres can be found in Chapter 6.

Pulp and Paper Industry 227



Chapter 5

5.2 Present Consumption/Emission Levels of RCF Based
Paper Mills

5.2.1 Overview of input/output

An overview of raw material and energy input and the output of products, residues for further
utilisation and major releases (emissions, waste etc.) of RCF based paper mills is presented in
Figure 5.5.

—electricity from the public grid
—fossil fuel (gas, oil, coal) for
Energy l— steam and electricity generation

—purchased steam
(only in a few cases)

Water |_ —cooling water Process aids:

—process water —retention aids
~tensides

—de-foaming agents
Additives ]— ~biocides
-soap, dithionite, NaOH, H,0,,
Na,SiO;
-acids and alkali
—flocculation agents

Product aids:
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—dry of wet strength agents
—dyes

—opticalbrighteners

3 hJ A —others depending on the
0 oduct properties
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— Recovered paper * — different grades of paper
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T
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X
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2 . .2
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Waste heat * type of energy supply

to air and | Ener * type of fuels used

water gy From the process:
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> can mostly be avoided
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: —sludge from raw water treatment
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—biosludge
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—ashes from steam/power generation
—sludge from chemical waste water treatment
— small amounts of other types of waste

Figure 5.5: Mass stream overview of an integrated recovered paper processing mill
The presence of some of the substances depend mainly on the paper grade and paper properties to
be achieved and the type of energy supply
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As shown in figure the raw materials for RCF based paper production consists mainly of
recovered paper, water as well as some chemical additives. Large quantities of water are used as
process water and cooling water. As processing aids and to improve the product properties
(paper auxiliaries) various additives are applied during paper manufacturing. The environmental
impact of recovered paper processing comprises basically emissions to water, solid waste
generation and atmospheric emissions mainly related to energy generation by combustion of
fossil fuels in power plants. When abatement techniques are applied to reduce emissions, cross-
media effects can occur. In this chapter the quantitative consumption and emission levels for the
different main types of RCF processing mills are given. First of all, figures for overall input-
/output levels for stock preparation and whole paper mills (considered as a black box) are
presented followed by consumption and emission data for the main processes with
environmental concern (Section 5.2.2).

Paper manufacturing in RCF based paper mills can be subdivided into three parts: stock
preparation - approach flow/paper machine - and upgrading of manufactured paper. Stock
preparation and paper machine are connected closely with each other over the process water
system (see 5.2.2.2). Table 5.1 gives an overview on the major raw materials used and
emissions during stock preparation of recovered papers for main paper grades being produced in
Europe. The figures compiled in the table comprise exclusively the stock preparation i.e. the
subsequent paper machine is not included. An exception had to be made for the water flows
because water flows between stock preparation and paper machine are normally linked.
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(depends on availability
and price of recovered

and boards,
recovered paper

recovered paper
(50:50 newsprint

paper (50:50 news-
print and magazines;

Consumption of raw | Packaging Paper Newsprint LWC/SC Paper | Tissue Paper and
material and Market Pulp
emissions to water,
waste
Recovered paper quality | Sorted mixed paper | Deinkable Deinkable recovered Deinkable recovered

paper (50:50 news-
print and magazines);

- Emissions before

TSS ¥: usually

TSS ¥: usually

TSS ¥: usually below

paper and quality of the from stores and magazines wood-free office
end product) recovered paper
Energy consumption D
- Electricity 150-250 kWh/t 300-420 kWh/t 400-500 kWh/t 400-500 kWh/t
- Thermal energy 0 MIJ/t 450-900 MJ/t 650-1100 MJ/t 650-1100 MJ/t
(e.g. steam) (=0.2-0.4 tyeany/t) (=0.3-0.5 tyeany/t) (=0.3-0.5 tyeany/t)
Chemicals ?
- Repulping Biocide 0.5-1.0% H,0, 0.5-1.0% H,0, 0.0-1.0% H,0,
0.5-1.0% NaOH 0.5-1.2% NaOH
1-2% Na,SiO; 1-2% Na,SiO;
- FlotationI | = == 0.3-0.6% soap 0.3-0.6% soap 0.3-0.6% soap
- FlotationI | = == 0.2-0.4% soap 0.2-04%soap | = -
(NaOH+fatty acids) | (NaOH+fatty acids)
- Bleaching ------- 1-2% H202 1-2.5% H202 1-2 % H202
0.5-1.2% NaOH 0.5-1.5 % NaOH 0.5-1.2 % NaOH
1 - 1.8% Na,SiO; 1-2 % Na,SiOs 1-1.8 % Na,SiO3
0.4 - 1% Dithionit 0.4 - 1% Dithionit 0.4 - 1% Dithionit
up to 0.2% NaOH up to 0.2 % NaOH up to 0.2 % NaOH
- Flocculants used for 0 kg/t (internal Flocculation Floc. auxil. agents: Floc. auxil. Agents:
internal clarification of clarification in the auxiliary agents: 1.6-2.6 kg/t 1.8-2.8 kg/t
process water and sludge paper machine loop | 0.5-1 kg/t Flocculants.: 1.5 -
treatment ¥ (WW 1) 2.5kg/t
Water
- Water flow ¥ 0 -4 M/t poper 8 - 16 M/t pper 8 - 16 M/t pper 8-16 m’/t

paper
TSS ¥: usually below

- solid wastes (dry basis) ©
- organic content

50-100 Kg/t paper
70-80%

170-190 Kg/t pyper
35-45%

450-550 K/t paper
45-55%

biological wwtp below 200 mg/1 below 200 mg/1 200 mg/1 200 mg/1
COD: 27-36 kg/t COD: 17-27 kg/t COD: 17-27 kg/t COD: 26-35 kg/t
(6750-9000 mg/1) (1700-2700 mg/1) (1700-2700 mg/1) (2600-3500 mg/1)
AOX: <4 g/t AOX: <10 g/t AOX: <10 g/t AOX: <10 g/t
(=1 mg/l) (=1 mg/l) (=1 mg/l) (=1 mg/l)
Waste 20% losses 35% losses

500-600 Kg/t pper
40-50%

Explanatory notes:

D)

An essential factor for variations in energy consumption is the use of an disperger which consumes 60 - 100 kWh/t. Furthermore, the
losses have to be considered: Processes with higher losses require machines with higher capacities and higher specific energy. The
number of process stages in stock preparation/machines has also an influence.

All chemicals consumption is expressed as 100% effective chemicals and not as commercial solutions containing various amounts of
water except for Na,SiO; which is expressed as commercial solution. The ranges can be explained by differences in the quality of used
recovered paper, inks to be removed and product quality to be achieved.
Usually there is a micro-flotation unit installed before discharging the effluents to the wastewater treatment. This results in a relief of
the primary treatment or makes it possible to do without primary treatment. Without micro-flotation unit the TSS content depends on
the facilities for de-watering of sludge and rejects.
The use of flocculants depends mainly on the number of micro-flotation units for process water clarification and on the amount of
sludge to be de-watered. Water flows from washers are high and needs a relatively high amount of flocculants if to be treated

The data for water flow refer to the water used in the whole mill i.e. stock preparation + paper machine. The water flow means outgoing
water from biological treatment and exclude sealing water

Including sludge from process water treatment (micro-flotation units)

Table 5.1: Consumption and emission levels for stock preparation of different paper grades

produced

The data refer only to the stock preparation itself i.e. the subsequent paper machine is not covered
by the data [data from operational experiences provided by a supplier]. An exception is made for
water flow because concerning water consumption it is hard to separate stock preparation from the
paper machine For further data that represent current practice of whole plants it is refered to

Table 5.2 - 5.4
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The overall consumption and emission levels of whole paper mills for the main paper types
produced from recovered fibres are shown in Table 5.2 (testliner and wellenstoff), Table 5.3
(newsprint) and Table 5.4 (tissue) below.

One have to bear in mind that the actual values computed as an average value of measurements
over a yearly period are different from the one that may be found in permits. Depending on the
countries permitting systems, the latter refers usually to shorter periods of 2 hours, one day or
one month to ensure practicable monitoring of compliance. This specific time period during
which the monitoring values have to be met is set in the permit and varies within European
countries (see ANNEX II, on existing national and international regulations). But, the actual
measured data given in the Table 5.2 to Table 5.4 can give a good first guidance what
environmental impact is related to a given installation.

In Table 5.2 weighted average data for testliner and wellenstoff are presented. The data are
derived from the European Database for corrugated board which were compiled for life cycle
studies (issue 1997), issued by FEFCO, Groupement Ondulé and Kraft Institute. The ranges of
the parameters represented are based on corresponding paper mills in Denmark, France,
Germany, Italy, the Netherlands, Spain and the UK. The data for the production of Testliner and
Wellenstoff was collected from mills, which produce 52 % (5.2 M tonnes) of the total annual
production of corrugated base papers from recovered paper in Europe. The data is given per
tonne net saleable paper (nsp). It has to be emphasised that the weighted average figures
documented do not represent figures of a specific mill with a given technology.

Weighted average in the framework of the FEFCO-study represents a so-called “Best Average
Environmental Practice (BAEP)”. That means, when a certain technology is used by the
majority of the participating mills, and this technology is expected to be used in more mills
within the near future, the weighted average of the data of the mills using this technology has
been calculated instead of the weighted average of all the mills. The environmental performance
of these mills is than called BAEP.

Pulp and Paper Industry 231



Chapter 5

Input Output
Raw materials Value Unit Product Value Unit
Recovered paper 1100 kg/t Wellenstoff + 1000 kg
(delivered weight, testliner
including moisture)
Biocides, dry weight 0-0.12 kg/t Emissions
Colorants, dry weight 02-1.0%* | kg/t COy. fossil 320** - 600 | kg/t
Defoamers, dry weight 0.10 - 0.40 | kg/t COs, regencrative 0-15 kg/t
Retention agents, dry 03-24 kg/t CO n.a. kg/t
weight
Sizing agents, dry weight | 0.1 - 3.0* | kg/t NOx 04-1.1 kg/t
Starch, dry weight 20.0 - 50.0 | kg/t SO, n.a. kg/t
Energy Dust n.a. kg/t
Total fossil fuel 5700%* - | MJ/t
9600
Purchased electricity 2.8Y-403 | kWh/t | COD 0-2.2 kg/t
Primary energy, (ol #+++ 2140 - 3220 kWh/t | BODs 0-02 kg/t
Suspended solids | 0-0.5 kg/t
AOX n.a. kg/t
Niotal n.a. kg/t
Piotar n.a. kg/t
Evaporated water | 1 — 2%** m’/t
Wastewater flow 0-11 m’/t
Water demand Residues
Raw-/fresh water 1-13 m’/t Waste to landfill 30-70 kg/t
(at 100%
DS)

Explanatory notes: n.a. = not available; b.d. = bone dry
The low value for purchased electricity refers to paper mills with large CHP plants.

* Given range only valid for testliner production

ok Figures are only valid in the case of steam generation (which means no cogeneration)

**%  Arithmetic difference between input and output of water

**#%  The contribution of purchased electricity to the specific primary energy consumption is calculated assuming an
energy yield of the electricity generating companies of 36.75%, i.e. purchased electricity of 0.47 MWh/t
corresponds to 1.28 MWh/t primary energy (1 kWh = 3.6 MJ). The lower end of the range for purchased
electricity does not seem realistic. Therefore it an average electricity consumption of 200 kWh/t is assumed (or
555 kWh/t primary energy)

Table 5.2: Environmental data as yearly average values for testliner and wellenstoff

Figures refer to the situation in 1996 [FEFCO, 1997]. All data are given per tonne of net saleable
product (nsp). The figures represent weighted average data (“best average environmental
practice”, see p. 232). Air emissions are referring to the generation of steam only

The recovered paper grades used for the production of Testliner and Wellenstoff comprise 93 %
and 94 % respectively of grades according to category A of the European list of recovered paper
grades, including mixed recovered paper grades, supermarket waste as well as new and used
corrugated case material.

In total about 50 kg residues are generated by the papermaking process per tonne nsp. Related to
the recovered paper input of 1.1 tonne/tonne net saleable paper, 45 kg residues per tonne of
processed recovered paper (= 4.5 %) are treated by the mills. In the figures for the residues are
included the ashes, the organic and inorganic sludges and all the rejects going to landfills as
well as the incinerated organic sludges and residues. On average between 91 % (Testliner) and
95 % (Wellenstoff) of the residues are dumped on landfills. The weighted average amount of
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incinerated residues seems to be small (3 % in Wellenstoff and 7 % in Testliner production).
Mills equipped with boilers for the incineration of residue burn almost all their rejects with
exception of pulper and high-density cleaner rejects. Between 0.9 and 3.6 kg of organic
sludges/tonne net seleable product (nsp) are reused in the production process of Testliner and
Wellenstoft.

The fossil fuel used is to 87 % natural gas in the production of Wellenstoff and 94 % for
Testliner production. All mills produce steam for the drying of the paper in the paper machine,
but not all mills produce electricity by themselves. In some cases electricity is purchased as grid
power. The air-borne emissions mainly depend on the type of fuel used. In combination with a
well adapted flue gas purification the most significant ecological impact results from the fossil
CO, emissions (for further information refers to 5.2.2.7).

Water consumption for the production of Wellenstoff and Testliner ranges between 2 and 13
m3/tonne nsp. When papers are produced with a closed water system, the lowest water
consumption corresponds to the amount of water evaporated during paper drying. The weighted
average figures of the water consumption are almost identical for both paper grades at about 6.5
m3/tonne nsp. The average specific effluent ranges between 4.9 and 5.7 m?*/tonne nsp. Some
mills also operate with a totally closed water system and zero effluent.

The water-borne emissions are reported as the substances leaving the mills with the effluent
after a final wastewater treatment. The levels of suspended solids, COD and BOD are low for
the weighted average and approach zero for mills with a closed water system. The nitrogen and
phosphorus content of the wastewater of RCF paper mills is very low. A controlled addition of
nutrients to the biological wastewater treatment is necessary to provide nutrients for
maintenance and growth of the micro-organisms. Assuming a controlled dosage to ensure
optimal performance of the wastewater treatment system N, concentrations below 10 mg/l and
Py« concentrations below 2 mg/1 are achievable (as daily average).

The values for RCF based newsprint and tissue mills presented in Table 5.3 and Table 5.4 may
not reflect the whole range of variations in the use of raw materials and emissions that can be
observed in paper mills in Europe. On the contrary, because of a scarcity of available data
groups of mills standing for a typical (but not representative) situation have been compiled.
Table 5.3 shows weighted average data for RCF based newsprint. The data are derived from 4
German paper mills manufacturing mainly newsprint from recovered papers (standard and high-
grade newsprint, reference year: 1996). The four mills stand for 72% of the total production of
newsprint in Germany i.e. 1.24 Mt/a newsprint and 73000 t/a DIP. A small amount of GWP,
TMP and chemical pulp is included in these figures. 2 mills of the four uses only recovered
paper as fibrous raw material. The values presented are considered typical for RCF based
newsprint mills. The data is given per tonne of paper produced. The water-borne emissions are
reported as the substances leaving the mills with the effluent after biological wastewater
treatment.
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Input Output
Raw materials Value(min-max) | Unit Product Value Unit
Recovered paper (9% | 1120 (990-1270) kg/t Newsprint 1000 kg/t
moisture)
Wood chips (55% 130 (0-330) kg/t market DIP 5.9 kg/t
moisture) (small amount)
Roundwood 50 (0-230) kg/t Emissions (min-max)
Kraft pulp 10 (0-30) kg/t CO, kg/t
Pigments 30 (0-100) kg/t COs, regencrative kg/t
Additives " 53.17 (40.61-60.99) | kg/t NOx 0.72 (0.56 - 1.06) kg/t
CcO 0.14 (0.02 - 0.56) kg/t
Energy (min-max) SO, 0.54 (0.01-2.68) " kg/t
Natural gas 21))720 (0 - 3490 | kWh/t | Dust 0.010 (0.003-0.05) kg/t
Fuel oil, light 40 (0 - 180 ) | kWh/t | COD 331 (2.47-4.45) kg/t
Fuel oil, heavy 300 (0 - 1510) | kWh/t | BOD;s 0.12  (0.03 -0.28) kg/t
Regenerative fuels 510 (0 - 970) | kWh/t Suspended no data kg/t
solids
Hydro power 50 (0 - 110) [ kWh/t | AOX 2 (1-3) g/t
Purchased electricity | 470 (-10”- 710) | kWh/t | NH,-N 20 (10 - 50) g/t
Primary energy, ww > | 3880 (3630 - | kWh/t | Phosphate 5 (2-10) g/t
3990)
Wastewater 10.56 (7.7-14.97) | m'it
flow
Water demand (min-max) Residues (min-max)
Surface water 19.34 9 m’/t Bark 56  (0-28.6) kg/t
Ground water 0.61 m’/t Rejects, paper 1002 (09-381.4) | kg/t
residues
Ash, from waste | 90.8 (0-173.2) kg/t
incineration
Waste, ol 196.7 (91.8-410.7) | kg/t

1)  Additives are process & product aids expressed as commercial solutions containing various amount of water

2)  The maximum value of natural gas consumption refers to a mill with gas-turbine. A surplus of electricity is produced so that a
small amount of power is delivered to the public grid (10 kWh/t).

3)  The contribution of purchased electricity to the specific primary energy consumption is calculated assuming an energy yield of
the electricity generating companies of 36.75%, i.e. purchased electricity of 0.47 MWh/t corresponds to 1.28 MWh/t primary
energy (1 kWh = 3.6 MJ).

4)  The water demand includes process and cooling water. Cooling water is partly used as process water

5)  The maximum value is measured when fossil oil is used as main source of energy, the lower value when natural gas is used. All
air emission data are derived from continuous monitoring data, yearly average

6) Minimum value (no rejects) are found when rejects and sludge is burned on-site. The amount of ash generated as a product of

incineration is zero when no incinerator is operating and high when higher amounts of additional fuels are burned. If on-site

incineration is applied the remaining waste is mainly ash (min.). Otherwise the untreated waste stands for the maximum value.

Table 5.3: Yearly average consumption and emission levels from RCF based paper mills
manufacturing mainly newsprint (standard and high-grade newsprint)

Tissue mills are characterised by manufacturing a big variety of products. Many tissue machines
make frequent grade changes for different products reducing somewhat efficiency of water,
energy and raw material use. Converting into finished product is often integrated with tissue
production. Tissue mills need relatively high fresh water use on showers because the cleanliness
of wires and felts is critical to the very light-weight sheet formation (down to 12 g/m?).
Concerning fibrous raw material used there are both tissue mills based on 100 % virgin fibres
and those using 100 % recovered fibres (for information on tissue mills made from virgin fibres
it is referred to Chapter 6 of this document). In between there are all types of mixtures of fibres
using 10 %, 20 % and so on up to 90 % recovered fibres. The influence of raw materials on the
whole environmental performance of a mill significant mainly related to the high sludge
volumes generated during wash de-inking (removal of all fillers from recovered paper). The
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differences in emissions to water are not significant assuming proper effluent biological
wastewater treatment. The environmental performance of the whole mill is influenced by other
factors as chemicals used, type of fuel used and energy generation and process lay out.

Input
Wet strength agents|: 0 - 80 kg/ADt Co-generation Coal
e e RN [ Femon soon 0 orgmn o
___fibres __ _E __ (share) _ _E_ __paper___ Bleaching agents |: 0 - 30 kg/ADt Mains supply Natural gas
Starch |: 0 - 30 kg/ADt
kg/ADt w0 > 2000 Colour agents|: 0 - ? kg/ADt Electricity | Fuel |

\ é « é KWh/ADt [1200-3000 | 5-25 ]GJ/ADt
Additives N ¥
KWh/ADt [ 2000 - 10000 |

¥ v
Raw matertl — D Energy
Output
Releases to surface water Solid waste Releases to air
Effluent m*ADt| 5-100
COD kg/ADt| 2-6 Virgin fibres CO, kg/ADt |500 - 2000 Emission values depending on :
BOD kg/ADt 1-2 kg/ADt 10- 40 - type of energy supply
TSS kg/ADt 1-3 S0, g/ADt (50 - 10000 - type of fuels used
AOX g/ADt 5-15 Recovered paper - process technology / technique
N tot g/ADt] 5-100 kg/ADT| 400 - 1000 NOx g/ADt |300 - 2000 - specific energy consumption
P tot g/ADt 1-30

Table 5.4: Typical yearly average consumption and emission levels for the manufacturing of tissue
[Data from ETS, 1998, because of a lack of data, releases to water could not be distinguished to
wastewater from RCF based tissue mills and those using virgin fibres]

Although in Europe nearly all RCF based mills are integrated - except two mills producing de-
inked market pulp - it has to be noticed that integrated RCF based mills are often only partly
integrated i.e. part of the fibrous materials may be purchased pulp. Often paper mills
manufacture paper products consisting of a mixture of different fibre types.

The raw material consumption and releases to environment of recovered paper processing are
discussed one by one in the next paragraph.

5.2.2 Consumption and emission levels arising from process units

The following aspects associated with paper manufacturing based on recovered fibre processing
are of concern:

- Recovered paper consumption

- Water use

- Use of additives

- Energy demand

- Wastewater emissions

- Solid waste generation from stock preparation, process water clarification and wastewater
treatment

- Air emission from energy generation

- Air emissions from sludge and residue incineration (optional)

- Noise from paper machines (local)

- Odour from vapours and from wastewater treatment plant (local)

As for the reported emission and consumption figures, it should be borne in mind that, due to
the use of some different measurement methods in the various Member States, data are not
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always strictly comparable from country to country. (See Annex III for more information on this
issue but the different methods used do not alter the conclusions drawn in this document).

5.2.2.1 Recovered paper consumption

For the manufacturing of different types of papers as "brown" packaging papers" or "white"
graphic papers different amounts and qualities of secondary fibres are used. For the production
of one tonne of paper between 1100 kg (for corrugated medium) and 2000 kg (for tissue and
market DIP) recovered paper is used. Lower types of recovered paper are commonly used as
raw materials for products with lower requirements, while better grades are used for products
with higher requirements.

There are many different types of recovered paper traded in the European market which are
generally classified according to origin, quality and usage. The classification varies from
country to country. According to the list of European standard qualities of recovered paper
recovered paper is roughly classified into four groups, corresponding to ordinary, medium, high
and kraft qualities [EN 643, 1994] which are further sub-classified. Lower grade recovered
paper contains more impurities and must be cleaned more intensively to fulfil the product
requirements compared to higher grade recovered paper. Higher grades are mainly used for
processing of graphic papers and tissue and there are two disadvantages in it: Higher grades are
usually more expensive and they may not continuously be available in sufficient quantities.
Since uniformity is important for pulp furnishes, the quantitative and qualitative variations of
impurities and contaminants should be as small as possible. Thus, the collection methods and
the segregation of the recovered paper at an early stage may be more important than the
technical efforts to develop new processes for secondary fibre production. Besides the collection
method the origin of the secondary fibres has an important influence on the quality of the
furnish. Different types of recovered paper may be distinguished: "collected wastepaper” from
houses and markets such as corrugated containers, newspapers and magazines, "industrial
recovered paper" as cuttings, brokes and over-issued papers generated in printing, paper-
container manufacture and book binding mills and "semi-industrial recovered paper" occurring
in supermarkets, department stores and large offices.

It is expected that the percentage of impurities in recovered paper will increase because of the
continuous increase of recycling of waste paper. This effect will be enhanced by intensified use
of fillers in the paper production. Overall it is expected that the amount of impurities in
recovered paper will increase, which in turn will lead to increasing cleaning and bleaching steps.
It will also lead to increasing solid wastes at RCF paper mills.

5.2.2.2 Water use

Paper and board mills commonly use large quantities of water. On the other hand, in most paper
mills a large amount of water is recycled and thus the specific water volume used for
manufacturing of RCF paper has decreased during the last twenty years. In Europe, both
groundwater and surface water is used. Depending on the paper grade the water must be pre-
treated in order to fulfil the requirements set for process water. If necessary, iron, manganese
and sometimes algae and turbidity has to be removed by means of flocculation, complexation
and/or sand filtration. Water has various basic applications in the paper industry as process
water, cooling water and boiler feed water (for further details see Section 6.1.3, water circuits
and fibre recovery). As shown in Figure 5.6 process water is extensively recycled in the
production process.
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Figure 5.6: Basic flow chart of the recovered paper processing paper and board production
[Dutch Note on BAT, 1996]; WWTP = Wastewater Treatment Plant

All paper and board mills recycle drainage water of the wire section (white water). White water
is recycled untreated as diluent to the mixing chest (short circuit) or it is reused after
clarification in the fibre recovery unit at specific locations in the process where higher water
quality requirements are to be met. Excess flow from the fibre recovery unit the stock
preparation is discharged to keep the water balance and to purge unwanted substances that
should not enter the approach flow of the paper machine. The possible rate of recycling depends
on the quality requirements of production and on the quality of the treated process/wastewater.
Besides, the quality of process design of the water circuits strongly influences the limit of reuse
without disadvantages for production and product quality. In Figure 5.7 and Figure 6.10
examples of possible stock-water systems for integrated RCF based mills for brown and white
paper grades are given.

Pulp and Paper Industry 237



Chapter 5

clean water
Q specificl/kg: 6.5
Q absolute m3/d: 2275
Q stock / Q wastewater = 33
recycled fibers stock concentration %: vaporized .
% of stock: 100 0.6 mft: 1.5
m’/d: 525
stock Qm?’/d: papermachine 1 prod. t/d:
preparation 58333 350
(bulk)
J whitewater 2
saveall
3 stock recyclin
general
runoff | am¥d: | am%d: am’t: Qm¥d:
350 350 3 1050
10 i) to wwip
total wastewater I/kg: m3t: 5.0 m?3/d: 1750

Figure 5.7: Example of water circuits for an integrated RCF mill for corrugated medium without
de-inking (100% recovered paper)
[Provided by Mobius]

The example for a rather closed circuit in the production of non-deinked paper from recovered
fibres shows that fresh water is only used at the paper machine side (and for the preparation of
additives). The white water is recycled back to the stock preparation and used for slushing of the
recovered paper and different steps of mechanical cleaning of the pulp. A partial stream is
discharged to the wastewater treatment plant (wwtp). About 1.5 m*/t of paper is vaporised in the
dryer section of the paper machine. Statistically in the example of Figure 5.7 the water is used
33 times in the process.

clean water
Q specific I/kg:12
Q absolute m3/d4200
Q stock / Q wastewater = 32

fibers and fillers E stock concentration %: vaporized
% of stock:25 i 03 m’ft: 1.5
N v m’/d: 525
production of DIP
tid:  262.5 stock Q n?/d; papermachine prod. t/d:
part in fibre stock preparation 116667 350
%: 75 (bulk)
Quw md: b
2800 whitewater 2
saveall

stock recyclin

general
runoff | Qn¥/d: | Qnf/d: Qniit: Q nf/d:

350 350 0.5 175

Y
chosen ni/t: 8.0 1.0 1.0

total wastewater /kg: ~ m%t: 105 m%d: 3675

>  to wwtp

Figure 5.8: Example of an optimised stock-water-system for an integrated production of de-inked

pulp
[Moebius, 1994; original version corrected by the author]

In Figure 5.8 an example of a rather closed water circuit in integrated production of paper with a
high content of de-inked pulp (DIP) is shown. Process water flows counter current to the
materials flow i.e. white water is recycled to the de-inking plant and the stock preparation.
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Excess flows from different part of the mill are discharged in order to protect the approach flow
of the paper machine - where higher water quality is required - from disturbing substances and
to balance the amount of water used in the system. At the paper machine clean water is used to
ensure the high water quality requirements at this part of the paper manufacturing process. The
ratio between the fibre suspension fed to the paper machine and the discharged wastewater is 32
: 1, i.e. water is used 32 times within the circuit. To avoid drawbacks of the water re-use the
whole fibre-water-additive-system of the mill has to be analysed and optimised. In some mills
(partial) removal of impurities inside the process to a desired level is applied in order to fulfil
the process water quality requirements set for a specific paper grade or process unit. The partial
removal of impurities is often referred to as a “kidney” treatment.

Table 5.5 summarises the specific water consumption of different recovered paper processing
mills.

Process Specific Water
Consumption [m*/t]*
Uncoated folding boxboard 2-10
Coated folding boxboard 7-15
Corrugated medium & Packaging paper 1.5-10
Newsprint 10 -20
Tissue 5-100
Writing and printing paper 7 -20
Notes:
* 1t has to be noted that about 1.5 m® water per tonne of paper is vaporised in the dryer
section of the paper machine i.e. do not appear as wastewater

Table 5.5: Typical water consumption in RCF based paper and board production

5.2.2.3 Use of additives

To improve the product properties various additives are applied in the paper and board industry.
The amount and types of additives vary with the paper grade and the installed equipment. The
additives applied by the paper industry can be classified into product aids which are applied to
optimise the specific properties of the paper according to the customers requirements and
process aids. The latter facilitate the operation of paper processing in order to enhance the
runnability of the process. Examples of the main additives and their application are given in
Table 5.6. If the additives are used as directed they should not cause significant negative
impacts on the efficiency of the wastewater treatment plant. Sudden changes in loads because of
system cleaning or batch-wise additive adjustments to fulfill product requirements, might have a
negative impact on the performance of the waste water treatment plant. Then, the biomass may
need a certain period for adapting to the additives appearing in the effluents. During this limited
time period the efficiency of the treatment plant may be reduced and the settling of the sludge
may be possibly deteriorated (increase of the sludge volume index). Therefore, additives should
be handled carefully, cautiously and as directed. This is how the remarks in the right column of
Table 5.6 should be interpreted.

Pulp and Paper Industry 239



Chapter 5

Product aids

Purpose

Examples

Remarks

Fillers

- Improve printability properties,
opacity and brightness and
smoothness and gloss

- Replace (saving) fibres

Kaolin or clay, talc, lime,
gypsum, titanium dioxide

Sizing agents

- Improve surface quality
- Make paper hydrophobic

Modified starch, modified natural
resins, wax emulsions, synthetic
products like alkyl ketene dimers
and maleic acid anhydride
copolymers

Some may be toxic to
bacteria when they are
cationic

Fixing agents - Improve adsorption of additives to | Alum [Aly(SO4);] Mostly cationic
fibres products which may be
toxic to bacteria
Dry strength - Improve strength properties in dry | Modified starch Some may be toxic to
agents conditions bac.ter%a when they are
cationic
Wet strength - Improve strength properties in wet | Urea formaldehyde polymer, Usually toxic to
agents conditions melamine-formaldehyde polymer, | bacteria, some increase
epichlorohydrincondensates the AOX
Dyes - Give paper a certain colour and/or | Azo compounds, quarternary Difficult to eliminate;
brightness ammonium compounds some are toxic; may
contain heavy metals
Optical - Give paper a white impression Chemicals based on 4,4-diamino Some cationic
brigtheners stilbene-2,2-disulfonic acid substances may be toxic
Coating - Give paper certain surface Pigments, binders, wet strength Binders must be
chemicals properties agents, dispersion and lubrication | destabilised before

agents, Defoaming agents,
Slimicides

mixing with other ww,
otherwise they may
disturb the clarification

Process aids Purpose Examples Remarks
Retention aids - Retention of fibres, fines and Alum, sodium aluminate, Mostly cationic
fillers polyaluminiumchloride, starch products

- Increase production by improving
dewatering
- Decrease emission of pollutants

products, gums, anionic
polyacrylamides, nonionic
polyacrylamides, cationic
polymers

Deinking and - Release ink from fibres NaOH, Fatty acids, H,O,, Sludge settling in final
bleaching - Bleaching . o . hydrosulph?te, FAS, comple?(ing cl.ariﬁers may be
chemicals - Keep ink particles in dispersion agents, sodium silicate, tensides hindered
Complexing - Removing metal ions by forming DTPA or EDTA Hardly or not
agents metallic complexes to prevent biologically degradable
decomposition of bleaching
chemicals
Tensides - Cleaning of felts, wires and Acidic and alkalic surfactants May cause floating
machinery sludge
- Cleaning of water circuit system
- Dispersions of substances
Defoaming - Prevention and destroying of foam | Fatty acids ethoxylates, poly-oxi- | May lower the oxygen
agents ethylene, fatty acid derivates, input in wwtp
higher alcohols, phosphoric acid
esters, vegetable oil products
Biocides - Prevention growth of micro- Organic bromine, sulphur or Some contain AOX,
(Slimicides) organisms nitrogen compounds, quarternary | they are toxic when

ammonium compounds

reaching the wwtp in
higher concentrations

Table 5.6: Main process and product aids and their application in the paper industry

Basic chemicals for the papermaking industry as e.g. acids and bases are not covered. The remarks
relate to the substance as such neglecting that they are usually highly diluted and to a certain extent
retained in the paper (further details are compiled in ANNEX I)

[Dutch notes on BAT, 1996; modified by EIPPCB]
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Substances used for de-inking are shown in Table 5.7. De-inking chemicals have little retention
to cellulose and can be expected to be present in the de-inking sludge that is landfilled or
incinerated.

Chemical Use [kg/t of de-inked

stock]

Sodium hydroxide 10 - 20

Sodium silicate 20 - 30

Soap 5-8

Talc 10 - 15

Hydrogen peroxide 5-25

Chelating agent (DTPA) " 2-3

Sodium dithionite 6-10

Sulphuric acid 8-10

Table 5.7: Typical chemical doses in the de-inking process including bleaching
[Finnish BAT Report, 1997]. " Usually there is no need for the use of chelating agents in recovered
paper processing/bleaching unless there are excessive concentrations of Fe and Mn-ions®

Additives are often not completely used up during the process or not completely retained on the
paper sheets especially as far as process aids are concerned. A certain amount is discharged via
wastewater. Excess additives are also leaving the system via rejects and sludge (refer to 6.2.1.3).
Some of these additives can have a negative influence on the practical functioning of the
wastewater treatment plant and/or the quality of the receiving water in case that they are not
degraded or eliminated in the wastewater treatment plant. In some Member States Water Quality
Authorities require insight in the quantities and nature of the applied additives. In the
Netherlands, for example, companies have to submit relevant information on the nature and
composition of the additive. This information is then used in an assessment methodology
[RIZA, 1998] which determines the impact of additives to the aquatic environment. Additives
may only be applied if they have passed the assessment methodology with a positive score or
are retained by a suitable technique..

5.2.2.4 Energy demand

Paper and board mills require substantial amounts of steam for heating of water, pulp, air and
chemicals to the demanded process temperature and above all for drying the paper. Besides,
large quantities of electricity are required for driving the machinery, pumping, vacuum,
ventilation and wastewater treatment. In paper mills energy is usually the main factor in
operating costs. Because the secondary fibres have already passed through stock-preparation
equipment when the original paper was made, RCF pulping require comparatively less total
energy for processing then is needed for chemical and especially for mechanical pulping. For
example, in the Netherlands for recovered paper processing an average specific electricity
consumption of 322 kWh/t (neglecting the difference in specific electricity consumption
between RCF processing with and without deinking) have been reported. The total specific
energy consumption’ amounts to 10.9 GJ/t/t for non-deinking mills and 12.1 GJ/t for paper mills
with deinking [Dutch note on BAT, 1996].

6

C. Pauli, R.Patt, V.Gehr, O.Kordsachia, On the effects of additives in a peroxide supported alkali/oxygen bleaching stage of
waste paper and mechanical pulp (in German), WP, No. 20, 1993, p. 852-857.

For calculation of the total specific energy consumption it has to be considered 1 kWh=3.6 MJ. Purchased energy is generated
by electricity companies with an energy yield of about 38.1%. Therefore, the contribution of purchased electricity to the
specific energy consumption have to be calculated as follows: 1 kWh = 3.6/0.381 = 9.45 MJ.
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In RCF mills steam is normally produced internally by each company. Electricity can, if
necessary, be purchased from the public grid. Paper mills commonly have a balanced need for
steam and electricity that makes it obvious to apply co-generated heat and power installations
(CHP). CHP supplies these energy needs by simultaneous generation of power and useful heat
(steam) and has a considerably higher total yield (80-95%) compared with "separate generation"
i.e. generating heat and purchasing electricity (the latter with a yield of about 40%). The CHP of
paper mills sometimes produce more electricity then actually needed on the basis of the heat
demand. This excess electricity may be supplied to the public grid.

In Table 5.8 below some detailed figures on energy consumption required for the stock
preparation of recovered paper used for tissue and newsprint are compiled. All data are related
to modern equipment and stock preparation concepts designed for high quality systems. The
values stand for real examples of recently build stock preparation concepts. Normally, the
process concepts chosen vary from mill to mill to a certain extent. However, the major building
blocks of the systems are required by each RCF processing mill. In so far they can give an
indication on the range of energy demand that can be expected for these types of RCF paper
mills.

When figures on energy consumption are compared the following aspects should be kept in

mind:

* The yield of the process varies mainly according to the raw material

* The country and the area where waste is collected affects significantly the raw material
quality

* Because of bad recovered paper quality some mills may have to take additional efforts in the
stock preparation

e Usually, when energy consumption is discussed, only main equipments are included i.e.
pumps and agitators are not part of the system considered. These ,,passive process
components do not improve pulp quality but are nevertheless relevant in terms of electricity
demand.

* The contribution of pumps and agitators to the total installed power may vary from 20 up to
30%. From the energy point of view process concepts that decrease the amount of pumps are
therefore important. In the example for RCF newsprint in Table 5.8 the share of pumps to the
total energy demand is 30 %.

* Peripheral sub-systems for water, sludge and rejects such as DAF, reject screw presses, or
sludge presses are also not included because they are are not considered as main equipment.
Their energy demand has to be added to the figures.

* There is a difference between installed power (main equipment) and average power demand
that is actually used. As a rule of thumb, the true consumed power is 70 - 75 % of the
installed power. This ratio varies according to the process stage and equipment supplier.
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Tissue DIP-line (200 t/d)

Newsprint DIP-line

(1000/d)
Raw material Old magazines,/mixed office waste | Old newsprint/old
magazines
Yield 55-60% 80%
Total specific power (estimated) |230 kWh/t of DIP pulp " 300 kWh/t of DIP pulp

Total specific low pressure steam

0.3 t steam/t of DIP pulp

0.3 t steam/t of DIP pulp

Specific energy demand for major unit processes

Feed conveyor 1 kWh/t of DIP pulp 0.4 kWh/t

High Consistency Pulping” 39 kWh/t of DIP pulp (CHD 16 kWh/t (drum pulper)
pulping incl coarse screening)

Coarse Screening Not required 18.5 kWh/t

MC-Cleaner

Pumping energy

Pumping energy

Sand removal (cleaner)

Pumping energy

Pumping energy

Fine screening 17 kWh/t of DIP pulp 22 kWh/t

Flotation I 18 kWh/t of DIP pulp 33 kWh/t

Washing I 8 kWh/t of DIP pulp No washing

Disc filter (thickening) not required 1 kWh/t

Dispersion (incl. Thickener) 55 kWh/t of DIP pulp * 67 kWh/t *

Dissolved Air Flotation no data (difficult to calculate in no data (difficult to calculate

kWh/t DIP pulp) in kWh/t DIP pulp)

Flotation I1 5 kWh/t of DIP pulp 19 kWh/t

Washing I1 10 kWh/t of DIP pulp No washing

Sludge Press no data (not main equipment) no data (not main
equipment)

All pumps not included 91 kWh/t ¥

Explanatory notes:

Normally the values are presented as installed KW. When specifc energy consumption is derived from these figures an
approximation to the real situation has to be made.
1) CHD pulping = Continuous High Density pulping. In many mills standard batch HD is applied (higher energy demand)
2) These values are representing rather figures below average. For the best qualities a consumption of up to 70 — 80 kWh/t
is not uncommon in some mills. Normally for thickening and dispersion an electricity demand between 85 — 90 kWh/t is

reported (see figures further below).
3) For the tissue stock preparation equipment no pumps and agitators are included
4) Apart from the pumps for the flotation system all pumps and agitators are included

Table 5.8: Real world examples for the energy consumption in the production of tissue and
newsprint from recovered paper [data from Valmet]

Modern equipment is applied. Note that the energy consumption depends on the raw materials
used, the stock preration lay out, the installed equipment, and the product properties to be achieved
(for other, more typical examples it is referred to Table 5.1 and this section further below). The
figures include the stock praparation only and not the paper machine. For the latter refer to
Section 6.2.2.4

For further detailed figures on the specific energy demand of unit processes in the stock
preparation plant for the processing of recovered paper without de-inking (2-pli testliner) it is
referred to Section 5.3.7.

In Table 5.9 and Table 5.10 for a newsprint mill based on 100 % recycled fibres figures are
given for the energy consumption and energy balance. The energy consumption is divided into
heat and electric power. The example refers to a Swedish mill with a production capacity of
500000 t/a newsprint.
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Department Process heat | Electric power
[MJ/Adt] [KWh/Adt]

Pulp mill

Deinking 200 175
Washing and screening 0 50
Bleaching 0 75
Total pulp mill 200 300
Stock preparation 0 235
Paper machine 5300 350
Total paper mill 5300 585
Effluent treatment 0 32
Specific energy consumption per t/paper 5500 917

Table 5.9: Energy consumption in an integrated Swedish mill with a production capacity of 500000
t/a of newsprint from deinked pulp
Base year: 1995 [SEPA Report 4712-4, 1997]

In Table 5.10 for the same mill figures for the energy balances are presented.

Department Heat Electric
[MJ/Adt] power
[kWh/Adt]
Pulp mill
Turbine generator 0 0
External supply + 200 +332
Consumption -200 -300
Effluent treatment 0 -32
Excess energy from pulp mill 0 0
Paper mill
Consumption - 5300 - 585
External supply + 5300 + 585
Total external supply 5500 917

Table 5.10: Energy balances of two integrated RCF newsprint mills with a production capacity of
500000 t/a and 250000 t/a respectively
Base year: 1995 [SEPA Report 4712-4, 1997]

In principle, energy consumption in recovered fibre processing depends on the design, type and
amount of the process steps involved to achieve a certain product quality. Especially the
increase of brightness and decrease of specks is linked to increasing energy input. For example,
a German newsprint mill with a capacity for processing of 1900 tonnes recovered paper per day
reported a significant increasing energy demand by putting into operation a peroxide bleaching
step with disperger and an additional secondary flotation for the manufacturing of upgraded
newsprint instead of standard grades. Whereas standard de-inked stock consumes about 350
kWh/t and 250 t steam per day bleached high-grade de-inked pulp requires 420 kWh/t. It have
to be taken into account that purchased electricity is often generated by electricity companies
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with an energy yield of about 38 %. Therefore, to generate the required purchased electricity for
recovered paper processing (i.e. 0.35 - 0.45 kWh/kg DIP) a primary energy consumption
between 1 and 1.3 kWh/kg DIP is required.

Flotation
19%

Thickening &
Disperging
32%
Screening
10%

Defibration
8%

Bleaching
11%

Wat i Other
ater system 12%

8%

Figure 5.9: Specific energy consumption for recovered paper processing of a newsprint mill
[Merkel, 1997]. Flotation includes two stages; screening includes pre- and secondary screening;
"others" includes ventilation, the dryer for a part of the DIP-stock, water clarification systems etc.;
water system does not include water clarification; bleaching is conducted in a disperger

The figure on energy consumption of the single process stages shows that about one third is
consumed by thickening and disperging. For repulping installations the following ranges have
been reported: conventional pulper 25 - 80 kWh/t, drum pulper 15 - 20 kWh/t, secondary pulper
15 -40 kWh/t [all figures: UBA, 19/1994]. Thickening before disperging consumes about 30
kWh/t. Heating the furnish up to 90°C and operating the disperger require about 60-100 kWh/t.
Flotation needs about 27-33 kWh/t. The energy consumption for flotation depends on the
amount of flotation cells, the design of the pipings in the mill and the types of air injectors
applied. Wire presses and screw presses for de-watering require about 10 kWh/t.

5.2.2.5 Wastewater emissions

Emissions from paper industry to wastewater in particular - but also energy demand and waste
generation - are closely related to the requirements set for the paper grades, the quality of the
raw materials (recovered paper) and applied abatement techniques. Additives used, internal
process management, housekeeping and the technical status of the installation have also an
effect on the emissions levels achieved.

Wastewater from a RCF paper mill is mainly generated during cleaning steps. It is common
practice to withdraw wastewater at locations where the process water is mostly polluted.
However, the location of wastewater generation varies from mill to mill. The process water is
mainly contaminated during cleaning, deinking and fibre recovery. Therefore, wastewater from
RCF based paper mills consists of
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*  Water from reject separation by screens and centrifugal cleaners
» Filtrates from washers, thickeners and sludge handling
* Excess white water depending on the rate of recycling

Wastewater of the European paper and board industry is to a great extent discharged directly to
the surface water after primary and biological treatment at the site or is discharged to a
municipal sewage treatment plant after primary clarification for suspended solids removal. In
Table 5.11 and Table 5.12 average water emission data after exclusively primary treatment from
RCEF based paper mills discharging to municipal wastewater treatment plant and those with on-
site biological treatment are compiled.

Without deinking Deinking mills

Parameter

mg/l  (min-max) | kg/t (min-max) mg/l  (min-max) | kg/t (min-max)
BOD; " 1900 4.7 550 10
COD 3800 (570 - 9000) | 9.4 (1.2-24) 1100 (440 - 1900) | 20 (7 - 40)
Kj-N? 16 (10 -40) 0.05 (0.02-0.1) |20 (13-25) | 0.35 (0.19-0.62)
Discharge 5.5(0.4-15.5) 15 (9-39) m’/t
volume m’/t
Notes:
1) The BODS value is estimated assuming that COD = 2* BODS5 [Dutch note on BAT, 1996].
2) Kjeldahl Nitrogen is the sum of organic and ammoniac nitrogen. Part of the organic N may be hydrolysed

during effluent treatment, ammonium-N is a potential nutrient for the biomass of the treatment plant.

Table 5.11: Average water emission for RCF mills after primary treatment and before discharge to
a sewage treatment plant

The data have been measured by competent water authorities and self-control measurements of the
companies in 1994/95. [Dutch notes on BAT, 1996]

Parameter Without deinking Deinking mills
mg/l (min-max) | kg/t (min-max) | mg/l (min-max) | kg/t (min-max)

BOD5 before treatment* 1800 12.3 770 8.3
BOD5 after treatment 10 (3 - 28) 0.06 (0.01 - 0.13) 9 0.09
COD before treatment* 3200 22 1900 21
COD after treatment 150 (60-270) |0.77(0.29-1.12) | 290 3.1
Kj-N " 5.6 (3-13) 0.03(0.01-0.04) | 7.8 0.08
Piot 1.5 (0.5-1.8) |0.01 n.a n.a.
TSS 25 (17 -40) 0.13(0.06 - 0.21) | n.a. n.a.
Discharge volume 57 (3.1-11) m/t 11 m’/t

Notes:

*  Influent data on BODs were not available. Therefore, the influent data are calculated based on wastewater loading
data of one mill without deinking and one mill with deinking. [Dutch note on BAT, 1996].

1) Kjeldahl-N after effluent treatment gives only an indication of the amount of organic N in the effluent and does
not cover the total N-load that includes the oxidised N-compounds nitrates and nitrites.

Table 5.12: Average water emission for RCF mills discharging to water bodies after primary and
biological treatment at the site.

The data has been measured by competent water authorities and self-control measurements of the
companies in 1994/95. [Dutch notes on BAT, 1996]

Chemical Oxygen Demand
COD emissions originate from both raw materials and additives. Deinking and bleaching
processes releases a substantial part of the COD from the recovered paper. COD emissions data
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of paper mills with sewer discharge show large variations depending on the stage of processing
during measurement. The removal and equalisation of COD is carried out at the municipal
sewerage treatment plant. COD emission data of paper and board mills equipped with a
biological wastewater treatment at the site show little variation. The variations shown in Table
5.12 are caused by mills whose wastewater treatment plant (WWTP) is not operating well.
These mills are considering an upgrading of their WWTP. Deinking processing results in higher
COD emissions than emissions caused by processing without deinking. In the latter case, much
of the COD is retained in the product.

BOD;

BOD;s emissions data after biological treatment show no significant difference between
recovered paper processing with and without deinking. In properly working treatment plants the
concentration of BODjs after treatment is below 20 mg/l independent of the concentration of the
inflow. After biological treatment BODs emissions of 0.01 - 0.13 kg/t paper and board have
been reported [Dutch note on BAT, 1996]. The differences in the specific BOD-load is mainly
caused by differences in the water flow. The ratio BODs : COD of paper mill effluents after
primary treatment of about 0.5 indicates that paper mill effluent is easily biodegradable.

Nutrients

Wastewater treatment plant effluents mostly contain low concentrations of nutrients in the form
of nitrogen and phosphate. The presence of these compounds is mainly caused by the necessary
addition of these nutrients for effective operation of the biological treatment plant that needs a
nutrient supply in the range of BODs : N : P = 100 : 5 : 1. Organic bounded Nitrogen
compounds may also originate from some additives. During biological treatment part of it may
be hydrolysed to ammonium - others not - and transformed to nitrate compounds.

Total Suspended Solids

TSS data after treatment show only little variation. The upper level of the TSS ranges is caused
by paper mill wastewater treatment plants that are not well operating. Because of the type of
organics in paper mill wastewater there is a relative tendency to build up bulking sludge in
activated sludge treatment systems. Control measures to avoid and control this undesirable
phenomenon are available.

Heavy metals

Heavy metals concentrations in paper mill effluents are generally negligible low. There is no
significant increase in concentrations if secondary fibres are used. Nevertheless, occasional
measurements of Dutch deinking processing mills have shown that some deinking process mill
effluents may contain elevated concentrations of copper and zinc. In that case, printing ink in
recovered paper is considered to be the main source of heavy metals. The heavy metals
observed occasionally in the effluents are mainly in the form of stable organic complexes
[Luttmer, 1996, quoted in Dutch notes on BAT].

AOX and other organic micro-pollutants

Sources of absorbable organic halogen compounds are some additives (especially wet strength-
agents), recovered paper based on chlorine bleached pulp and to some extent printing inks. As
chlorine bleaching is practically abandoned today AOX containing compounds derived from
recovered paper based on chlorine bleached pulp have considerably decreased over the last
years. AOX reduced neutral wet strength agents are also available on the market and are an
option for further reduction of AOX emissions. Therefore, the AOX concentration is expected
to have a downward trend over the years. Occasional measurement in Dutch RCF paper mills
(with and without deinking) has shown that average AOX concentrations are in the range of
200 pg/l.

Organic micro-pollutants as chlorophenols or polychlorinated biphenyls may be detectable in
some RCF paper mill effluents in very low concentrations depending on the raw materials used
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(recovered paper, printing inks, and additives). In occasional measurements in Dutch RCF mills
chlorophenols up to 1 pg/l (0.1 - 0.7 pg/l) and polychlorinated biphenyls only in traces (values
below the detection limit to 0.11 pg/l [max. value]) have been observed [Dutch note on BAT,
1996].

Salts

Salts, mainly sulphate and chloride, are introduced mainly through recovered paper and some
additives as alum. In certain areas, for instance if surface water is a main resource for the
production of drinking water or for water quality reasons, attention is given to the discharge of
salts. Depending on the types of recovered paper used as raw material and the degree of closure
of the water circuits sulphate concentrations up to 1000 mg/1 have been observed even if during
processing no aluminium sulphate has been used.

5.2.2.6 Solid waste generation

Most of the impurities from the processed recovered paper end up as waste. The major waste
materials are rejects, different types of sludge and - in case of on-site incineration of residues -
ashes. The major sources of solid waste in RCF based paper mills are stock preparation, process
water clarification and wastewater treatment. Depending on used raw materials, process design
and type of process and wastewater treatment respectively different amounts and qualities of
residues (rejects, sludge) are generated. The residues have to be handled and treated (thickened
and de-watered) to generate a residue with a high dry solids content. Achievable dry contents
for rejects and sludge are compiled in Table 5.13 and Table 5.14.

Applied reject handling machines | Hydraulic reject press | Pneumatic reject press

Achievable dry contents at

< 70% fibre content up to 65 % 55-58%
< 30% fibres content ca. 70 % 60 63 %
Energy consumption [kWh/t] 15-20 8-12

Table 5.13: Achievable dry contents for rejects and corresponding energy consumption for
different fibre contents, [Data from a machinery supplier]

Applied sludge handling machines Wire press incl. pre- Screw press incl. pre-
thickening thickening
Achievable dry contents at
< 50% ash content up to 55 % up to 65 %
> 50% ash content up to 60 % up to 70 %
Energy consumption [KWh/t] 10 -15 18 -20
(incl. pre-thickening)

Table 5.14: Achievable dry contents for sludge and corresponding energy consumption for different
ash contents, [Data from a machinery supplier]

The residues can be sub-divided roughly in heavy and coarse rejects, light and fine rejects and
sludge. Depending on origin and nature, the sludge again may be sub-divided into de-inking
sludge, sludge from micro flotation units from process water clarification and sludge from
wastewater treatment (primary sludge, excess sludge from biological treatment). The achievable
dry solid contents after de-watering and thickening are 60-80% for coarse rejects, 50-65% for
fine rejects and about 60% for sludge.
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The amount of residues in RCF based paper mills result from the quality of recovered paper
used as raw material and the effort and expense made in preparation of secondary fibres for
certain product and process requirements. For the main paper grades and recovered paper
qualities the average amounts of residues related to the input of raw material are given in Table
5.15.

Rejects Sludge
Product Recovered Total | Coarse/ | Fine/ | Deinking Process Waste
paper quality | losses | Heavy | Light Water water
Clarification
Graphic Newspaper, 15-20 1-2 3-5 8-13 2-5 =1
magazines B _ _
papers Higher qualitics 10-25 <1 <3 7-16 1-5
Tissue Office recovered 1-2 3-5 8-13 15-25 =1
paper, files, 28-40
ordinary and
medium qualities
Market Office recovered 32-40 <1 4-5 12-15 15-25 =1
DIP paper
Testliner Shopping centre 4-9 1-2 3-6 -—-- 0-(1) =1
/Fluting waste, recovered
paper from
households 3-6 <1 2-4 T 0-(1)
Kraft qualities
Paper Shopping centre 1-2 3-6 -— 0-(1) =1
board waste, recovered 4-9
paper from
households

Table 5.15: Amount of residues related to the input of raw material [%] depending on qualities of
recovered paper used and paper grade produced

According to [Borschke, 1997]. The amount of wastewater treatment sludge is assessed assuming an
amount of excess sludge of 0.6 kg/kg BODs jiminatea (a8 dry solids) generated during treatment,
which is a common figure for activated sludge plants. Thus, depending on the quality of recovered
paper and on the process design about 10 kg excess sludge from biological treatment per tonne of
paper (on a dry basis) may be expected.

Rejects

Rejects are impurities in recovered paper and consist mainly of lumps of fibres (shives), staples,
and metals from ring binders, sand, glass and plastics. Rejects are removed in the largest
possible form and in the earliest possible stage in the stock preparation. Rejects constitute
approximately 6.5% of the purchased recovered paper and have no recycling potential and so
they are dumped or incinerated. If the thickened residues are incinerated in an environmentally
compatible incineration plant e.g. fluidised bed generating steam for mill consumer points the
residue is reduced to ash which may be used in the building industry or disposed of. However,
whether reuse of ashes produced by incineration is feasable, depends on the market demand for
this material. On-site incineration of rejects is only applicable to large mills, which generate
higher amounts of solid waste. A typical composition of rejects from recovered paper
processing (differences in raw materials and products) are given in Table 5.16.
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Parameter Share of single Average values
fractions [%] " | from a single mill

Water content 45 % 33.3 %
Plastics 25.9 %
Fibre 27 %
Glass and stones 0.11 %
Metals 0.88 %
Organic substances 1.05 %
Cl - content of the plastics 5.45%
Cl1 - content related to fuel 1.43 % 1.21
Calorific value Hy (100 % DS) 23800 kJ/kg 25335
Calorific value Hy (55 % DS) 11991 kl/kg 12828 kl/kg
Notes:
1)0 eliverage from 18 single samplings in German RCF paper mills

Table 5.16: Composition of rejects from the recovered paper processing for corrugated medium (4-
6% reject)

Qualities of processed recovered papers: mainly "collected recovered paper" from households and
markets and corrugated board residues

Sludge from process water clarification (paper residue)

These types of sludge are mainly generated at the fibre recovery in the white water circuits and
the mechanical treatment unit of the wastewater treatment plant. The paper residue consists of
mostly short fibres and fillers (both around 50%) depending on the recovered paper being
processed. In the board industry and for production of corrugated medium it is often recycled to
the process. For higher-grade products, paper residue does not meet the quality requirements for
recycling and is incinerated or dumped. Depending if there is a previous deinking process the
sludge may contain to a certain extent inks and pigments particles. Fibre recovery contributes to
minimising the quantity of residues. The typical composition of paper residue from fibre
recovery and mechanical treatment of wastewater are given in Table 5.17.

Parameter Unit Range of values
Dry solid content % 294 -52.7
Volatile solids % DS 25.5-76.1
Lead mg/kg DS 10-210
Cadmium mg/kg DS 0.01 -0.98
Chromiumy mg/kg DS 8.8-903
Copper mg/kg DS 19.9 - 195
Nickel mg/kg DS <10-31.3
Mercury mg/kg DS 0.1-0.89
Zinc mg/kg DS 34.2 - 1320

Table 5.17: Composition of sludge from fibre recovery and chemical-mechanical treatment of
wastewater

Synopsis of the complete results of chemical analysis of solid wastes from paper manufacturing
conducted at German PTS, published in [Solid waste handbook, 1996]

Deinking sludge

This residue contains mainly short fibres, coatings, fillers, ink particles, extractive substances
and deinking additives. Ink particles are a potential source of heavy metals but as shown in
Table 5.18 the typical pollutant contents of deinking residue have comparable pollutant loads as
sludge from biological wastewater treatment plants with slightly higher values for some
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substances as copper and zinc. There are relatively significant variations in the pollutant content
of the recovered paper and consequently in the de-inking sludge.

Contents per kg dry solids
Component Unit

De-inking | De-inking | De-inking Wastewater

sludge [1] | sludge [2] | sludge [3] | treatment sludge [1]
Cadmium (Cd) mg <0.1 <0.67 0.02 - 1.54 <0.1
Mercury (Hg) mg <0.1 0.08 0.1-0.89 <0.1
Copper (Cu) mg 350 238 64.2 - 345 40
Zinc (Zn) mg 350 141 34.2- 1320 250
Lead (Pb) mg 35 41 9.5-79.4 30
Nickel (Ni) mg 5 5.7 <10-31.3 10
Chromium (Cr) mg 20 24(Clyo) | 4.8-96.6 10
PCB's lg 95 nd, <300 5
Chlorophenols Ug 75 n.d. n.d. 120
Volatile solids %DS n.d. 33.2 32.7-63.6 48
Notes:
[1] = Dutch note on BAT, 1996; [2] = Representative sampling from a German paper mill, [3] = Synopsis of
the complete results of chemical analysis of solid wastes from paper manufacturing conducted at German PTS,
published in Solid waste handbook, 1996]; n.d. = not determined

Table 5.18: Typical pollutant contents of de-inking sludge from RCF paper mills compared to
sludge from municipal WWTP

Deinking sludge is normally dumped or incinerated. The ash can serve as a resource for
building materials.

Wastewater treatment sludge

These sludge is generated at the biological units of the biological wastewater treatment plant
and is either recycled to the product (corrugated medium and board) or thickened, dewatered
and then incinerated (on- or off-site) or dumped. In many Member States the dumping of waste
with high organic content is discouraged by the governments and will be prohibited in the near
future. The EU Directive on the landfill of waste will support this tendency in setting targets to
cut the amount of biodegradable (municipal) waste sent to landfills. The typical composition
and pollution potential of sludge from biological wastewater treatment are given in the right
column of Table 5.18 and in Table 4.8.

5.2.2.7 Emissions to the atmosphere

Air emission from energy generation

Emissions to air from paper and board mills originate mainly from energy generation (steam
and electricity) and not from the manufacturing process itself. Major pollutants in case of gas
firing are CO, and NO,, in case of oil or coal firing CO,, NO,, SO,, dust and low concentrations
of heavy metals. These emissions occur at the site of generation. Steam is normally generated at
the paper mill in dedicated boilers, so the emissions occur at the site. In many cases, electricity
is purchased from the grid, so the emissions occur at the power plant. The electricity/steam
consumption ratio at paper mills enables the co-generation of heat and power (CHP). Many
paper mills apply CHP and then all emissions to air associated with the energy consumption
occur at the site. The typical emissions from on-site installations for co-generated heat and
power generation are presented in Section 5.3.9 and for steam generation by combustion of
different types of fuels (gas, coal, oil) in Section 6.3.15.
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Only in some special cases emissions (measured as organic carbon) from the dryer section of
the paper machine may occur. If so, they are caused by the use of additives (coating chemicals)
or by not well-designed water circuits and wastewater treatment plants respectively but in most
cases they are of negligible concern. Therefore, atmospheric emissions from paper mills are
mainly related to energy generation.

Air emissions from on-site incineration of sludge or rejects (optional)

The recovered paper processing and papermaking generates a number of wastes with a high
organic content (e.g. paper, rejects, de-inking sludge, and biosludge). This waste was formerly
landfilled, but an increasing number of companies incinerates its rejects and sludge in on-site
incineration plants generating steam used in production processes. The incineration is associated
with emissions to air. Examples of measured emissions from incineration of different types of
RCF paper mill residues are compiled in Table 5.19. These values include the most relevant
pollutants to be expected.

Parameter Unit Measured Values® Measured Values ’ Limit values
(average figures for (daily average figures according to
1997) for 01-09/ 1997) German
Rejects from a RCF Rejects from a RCF regulations
packaging paper mil newsprint mill with de- | (daily mean
(without de-inking) * inking ** values) ***
Dust mg/Nm? 32 6.6 10.0
SO, mg/Nm? 26.0 1.2 50.0
NO, mg/Nm? 195 ‘95:271; 96: 227, ‘97: 176 200
CcO mg/Nm? 14.1 14 50.0
HCI mg/Nm? 1.7 2.6 10.0
HF mg/Nm? 0.06 no data (n.d.) 1.0
Total-C mg/Nm? 1.4 1.1 10.0
Cd, TI pug/Nm? <17.0 (n.d.) 50.0
Hg ng/Nm? 5 (n.d.) 50.0
Sb, As, Cr, Co, Cu, Mn, | pg/Nm? 71.0 (n.d.) 500
Ni, V, Sn
Dioxins/Furans ng I-TE/Nm?* 0.097 (n.d.) 0.1

Explanatory notes:

All values refer to standard conditions and oxygen content of 11 % per volume.

* Emission data of reject incineration in a multiple hearth combustion plant; the flue gas purification is equipped
with a two-stage wet scrubber for removal of acid pollutants (mainly SO, and HCI). For minimising dioxin
emissions, a mixture of activated carbon and zeolithe is injected into the recycled flue gas stream. Reduction of
NO, emissions is achieved by SNCR using ammonia, which is injected into the combustion chamber. Dust
emission is reduced by an electrostatic precipitator

**  The reduction of NOx has been achieved by use of SNCR i.e. injection of ammonia; dust emission is reduced by
use of bag filters

***  According to the Seventeenth Ordinance on the Implementation of the Federal Immission Control Act (Ordinance
on Incinerators for Waste and similar Combustible Material), of 23 November 1990

Table 5.19: Measured emission data from incineration of rejects and sludge from two German RCF
mills

The left column refers to measured average values of a RCF packaging paper mill (without de-
inking). The right column shows measured values from incineration of different types of sludge
from a deinking plant (sludge from raw and wastewater treatment, sludge from process water
clarification and de-inking sludge) before and after measures for NOx reduction. The values are
compared with German legal standards

8 See Section 5.3.11, example 1.

°  Environmental Declaration 1997 Sachsen Papier Eilenburg GmbH.
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Odour from vapours and from wastewater treatment plant (local)

Local air problems might occur due to odour and coarse dust. No BAT measures will be
identified for these because they are local matters.

Especially in case of closing up the water circuits below a water consumption of around 4 m’/t
odours caused by lower organic acids and H,S may be perceived in the neighbourhood of paper
mills. But, also in paper mills with less water circuit closure annoying odours may be found.
They may be caused by too long retention times of process water in the water system (pipes,
chests, etc.) or deposits of sludge causing the built up of hydrogen sulphide. If so, they can be
avoided by suitable process engineering measures. The wastewater treatment plant of RCF
paper mills may also emit significant quantities of odour. If the wastewater treatment is well
designed and controlled annoying odours can be avoided.

Coarse dust from raw material handling (local)

The recovered paper is stored on recovered paper yards that are integrated in the paper mill.
During the transport of the recycled paper to the pulper dust might be generated especially when
recovered paper is delivered as loose material in big containers or by bulk dumping. The control
of this dust is rather a matter of industrial safety than of environmental protection. It is not
further described here.

5.2.2.8 Noise from paper machines (local)

In the neighbourhood paper machines may give rise to nuisance as a result of noise. Many mills
have taken measures to reduce noise generation. For more details on noise levels from paper
machines please refer to 6.2.1.8.

Besides noise, sometimes (low-frequency) vibrations may give rise to nuisance on local level.
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5.3 Techniques to consider in the determination of BAT

In this paragraph all relevant techniques currently commercially available for prevention or
reduction of emissions/waste and reducing consumption of energy and raw materials, both for
new and existing recovered paper processing mills are given. " Techniques to consider in the
determination of BAT " means technical alternatives with the best environmental and
economical performance or possibilities for improvement to achieve integrated prevention and
control of pollution.

These techniques cover in-process measures and end-of-pipe technology as well. However,
there is a certain overlapping between the further down described process-internal solutions and
external control measures. This list of techniques is not exhaustive and may be continued when
reviewing this document.

In the description of the techniques the advantages and drawbacks of the implementation are
outlined. The descriptions are all structured in the same manner i.e. for each technique a
description, main achieved emission levels, applicability, cross-media effects, economics,
operational data, reference plants and literature are presented.

Some measures described in this paragraph are only valid for specific paper grades based on
recovered fibres e.g. recovered paper without de-inking whereas others are applicable
independently from the paper grade produced. The former will be noted otherwise the measures
are considered to refer to the recovered paper processing in general.

Recovered paper plants are, with very few exceptions, integrated with a paper mill. Therefore,
there is a certain overlapping between recovered paper pulping and stock preparation on the one
hand and papermaking and associated processes on the other. In that cases cross references to
the respective chapters will be given.

Finally, a lot of measures and principles for improvement can be applied to both recovered
paper mills and paper mills from virgin fibres. These points will be noted with cross-references
as well to avoid unnecessary repetition and to show similarities and differences between the
production of different paper grades.

In Table 5.20 an overview of techniques for reduction of emissions from recovered paper
processing is given. It was tried to give possible cross-media effects of every technique in the
same table. It can be concluded that it is not an easy task to describe cross-media effects in a
way that would not cause any dispute. There are a lot of "grey-zones" in the assessment of
cross-media effects. Furthermore, they may depend on other techniques, which may be linked to
a given measure, the reference to which a technique is compared with and the system boundary
taken into account as well. Therefore, the qualitative assessment of cross-media effects should
only be taken as help for operators or inspectors which side effects a measure may possibly
occur and a starting-point when considering possible shifts of pollution. The results of the
assessment should not be considered as imperative. Furthermore, some of them can be avoided
by prevention and control measures. The corresponding paragraphs under the detailed
discussion of every technique give further explanations. The table may also indicate at which
environmental media (water, air, waste, and energy) a measure is aiming at.

In the rows of Table 5.20 the single available techniques are compiled. In the columns the
tendency of effects caused by different techniques raw material consumption and emissions are
indicated qualitatively by using arrows up "1" and down "1 ". The arrows down "!" indicate
savings of raw materials or energy and a reduction of emissions into the different media water,
air and soil. Arrows up "1 " indicate an increase of emissions, consumption and impacts on the
production process. Some of the measures for pollution prevention and control presented in this
section concern more than one environmental medium (as water, air or soil) at a time. Some
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techniques may have a positive and/or negative impact on other environmental media or on raw
material and energy consumption (cross-media-effects). The given effects will be noted by
using the arrows. An arrow in brackets "(1)" means only a slight - often negligible - increase of
energy consumption, raw material use or emission to environment when implementing a certain
measure. The economic aspects (investments, operational costs) are not included in the table but
are explained in the text. In principal, data on economics can only give a rough picture and
indicate the levels of costs. They will vary with the design of the whole plant and depend among
others on the size of the mill and how a measure fits together with other mill equipment.

Each technique is provided with a reference mark, which helps to identify the according section
in the text where each single technique is discussed in detail.

Effects on the consumption and emission levels (cross-media effects)
Techniques to consider in the
determination of BAT
Chemical Energy (E) & water [ Emission Emission| Solid Applicabi-
consumption | (W) consumption to water to air waste | lity
5.3.1 Separation of less contaminated water ( ! ) ! ( ! ) 0 0 All grades
from contaminated one and recycling
5.3.2 Optimal water management (water loop ( 1 ) ! ! 0 ( ! ) All grades
arrangement) and water clarification
5.3.3 Reduction of fresh water consumption 0 ! ( ! ) 0 0 All grades
by strict separation of water loops
5.3.4 Closed water loop with in-line biologi- 0 ( ! ) ! 0 ( ! ) "brown
cal process water treatment grades"
5.3.5 Anaerobic techniques as first stage of 0 I E ! ( ! ) ! "brown
biological wastewater treatment grades"
5.3.6 Aerobic biological wastewater treat- (T ) + E ! 0 1 All grades
ment
5.3.7 Upgradlng of stock preparation plants O ( 11 ) depending 0) 0 ( i1 ) ”browr}'
with decreased energy consumption and on the concept grades
emissions .) chosen
5.3.8 Generation of clarified water for de- de-inked
inking plants (T ) (T ) (l ) 0 (T ) grades
5.3.9 Co-generation of heat and power 0 ! 0 0 0 All grades
5.3.10 Reject and sludge handling and pro- 1 (T ) 0 0 0 All grades
cessing on-site (de-watering)
5.3.11 Environmentally sound residue 0 ! ( 1 ) (T ) ! All grades
utilisation and disposal
Example 1 Energetic utilisation of rejects 1 ( ! ) 0 (T ) ! mainly
from RCF mills without de-inking in in reject "brown
incineration plants grades"
Example 2 Co-incineration of rejects from 0 ! 0 (T ) ! mainly
RCF mills without de-inking in coal-fired "brown
power plants grades"
Example 3: Incineration of residues (rejects mainly
and sludge) from DIP-plants combined with "white
power and steam generation grades"
Notes:

T =increase; | = decrease; O =no (or negligible) effect; (1) or (1) = low influence depending on the conditions

Table 5.20: Overview of techniques to consider in the determination of BAT for recovered paper
processing mills; cross-media implications and a note on the applicability is also indicated

5.3.1 Separation of less contaminated water from contaminated one and
recycling of this process waters

Description of the technique: This measure is part of optimal water management in paper
mills. Water management in paper mills is a complex task that has many aspects. To give an
overview the main principles for internal measures to reduce fresh water consumption and
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discharges from recovered paper mills (system closure) are briefly summarised below. In each
case it is referred to the sections of the document where more detailed information can be found.

= Use of suitable techniques to separate less contaminated water from contaminated process
water. Measures to be considered are the separation and reuse of cooling water and the re-
use of less contaminated sealing and process waters used in vacuum systems. This measure
is discussed hereafter.

= Reduction of fresh water consumption by recycling of white water in different positions
depending on the water qualities required. Positions in the process of special interest when
reducing fresh water consumption are dilution of fibre raw materials and fillers, dilution of
process and product aids, the shower water system, the vacuum system and sealing water
for pumps and agitators (see Section 5.3.2 and Section 6.3.1)

= Reduction of fresh water consumption by strict separation of water loops together with
counter-current flows (see Section 5.3.3).

=  Qeneration of clarified water from white water as a substitute for fresh water, usually made
in the fibre recovery unit by use of bow-screens, polydisc filters (see Section 6.1.3) or
dissolved air flotation (see Section 5.3.8).

= Measures to handle the possible negative effects of the increased recycling of process water
(see Section 6.3.2)

= In some cases the further purification of clarified white water is applied (see Section 6.3.3).
This purified water meet relatively high quality requirements

Separation of clean cooling waters from process effluents and their reuse for other purposes are
ways of reducing fresh water consumption. For protection a micro-screen or other strainer is
recommended to remove solids. Where cooling water fractions are sewered it should be avoided
to mix them to contaminated process water sewers to ensure wastewater treatment efficiency
and reduce treatment costs.

The most common equipment for vacuum generation, the liquid ring pump, consumes sealing
and process water at a rate of about 1 1/min per installed kW [tm 007, JP 1994]. The installed
power for a vacuum system in a big newsprint machine may be as high as 3000 kW. This would
result in a sealing and process water consumption of some 7 m’/t for the newsprint machine.
The sealing water will be contaminated with fibres and the temperature will rise when it passes
the liquid ring pump. The need for fresh water as sealing and process water of the liquid ring
pumps can be reduced very much by recycling the water from the pumps through heat
exchanger or cooling tower or. This is common in many European paper mills. Sometimes the
process water for the ring pump must be clarified by use of e.g. a bow-screen before it enters the
heat exchanger. It can also be necessary to control the pH value in recirculation loop.

Increase of the capacity of the process water storage may be needed in order to avoid
unnecessary overflows of recycled water when there is a break or other imbalance situation in
the processing of pulp. The increase of capacity implies usually installation of additional tanks,
pipes and pumps.

Applicability and characterisation of the measure: Process-integrated measure. The
separation and reuse of clean cooling waters and water from vacuum systems and sealing waters
can be realised in existing and new mills. Separation and reuse of clean cooling waters from
process effluents is relatively easy to carry out at new installations but more complicated to
implement at existing plants. However, cooling water separation and recycle after cooling are
common. The same is valid for the recirculation of sealing waters.

Main achieved environmental performance: The measure has a significant effect on
reduction of fresh water requirement and wastewater discharge. In existing mills fresh water use
reduction of 10-15 m’/ADt of cooling waters can be achieved. Separation of used cooling water
from contaminated paper machine effluents can reduce the hydraulic loading to the external
effluent treatment.
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By appropriate sealing water recirculation it is possible to reduce the fresh water consumption
for liquid ring pumps to < 1 m’/t. At the same time it is possible to recover part of the energy if
heat exchangers are used.

Cross-media effect: No important effects to environment. Some energy savings are possible.

Operational experiences: Separation and recycling of less contaminated water from
contaminated is common practice in many European mills but the degree of water recirculation
varies.

Economics: Recycling of cooling and sealing waters requires typically additional investments in
piping, pumping and filtration of the water. The increase of the water storage capacity implies
usually installation of additional tanks. Data on specific costs are not available.

Besides the costs for implementing the described measures cost savings can be expected as e.g.
lower costs for raw water (treatment) and energy consumption.

Driving force for implementing the technique: Fresh water reduction by recirculation of less
contaminated water is a reasonable measure from an economic point of view. Discharge of less
contaminated cooling and sealing water fractions together with contaminated process water are
discouraged in many countries.

Example plants: Numerous plants in Europe
Literature:

[CEPL, 1997], [J. Poyry, 1994b]

5.3.2 Optimal Water Management (water loop arrangement) and water
clarification

Description of the Technique: The water loops in the production of paper are generally laid
out for a minimised fresh water consumption. In today‘s water loop systems process water is re-

used several times, as it is shown in Figure 5.10.

Fibres additives

Fresh Water
»| Saveall
Y A\ 4
Fresh »| Stock Preparation »| Paper Machine
water
Sh 2
ort
Girculation Clarification
Long Circulation Biological
- Treatment Plant

Polishing step
(e.g. sand filter) :

v

Receiving Water

Possible reuse R N—

Optional unit

Figure 5.10: Scheme of water loops in paper mills
[ISP, 1998; modified by EIPPCB]
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The main principle of the re-use of process water is the backward process water flow in the
systems, counter current to the fibre flow. All paper mills use untreated, fibre enriched white
water from the paper machine for stock dilution in the mixing chest ahead of the paper machine
(short circulation or primary circuit) or in the stock preparation (long circulation or secondary
circuit).

Part of the white water is clarified in save alls (see Section 6.1.3) applying filtration (polydisk
filters, drum filters), flotation (dissolved air flotation, DAF) or sedimentation (sedimentation
funnels, laminated separators). The clarified water is then re-used for the replacement of fresh
water, for example, at the showers used for cleaning machine clothing (wires, felts). Excess
clarified process water is discharged to the wastewater treatment plant. In some cases purified
wastewater is partly re-used as process water as e.g. for RCF based wellenstoff and testliner and
to less extent in RCF based newsprint.

A minimised fresh water consumption in the production of wellenstoff and testliner in the range
of 4 to 7 m’ fresh water /tonne of paper produced is achievable. A few European mills are even
operating with a totally closed water system. The fresh water consumption in these mills ranges
from 1.0 to 1.5 m*/tonne paper produced. This corresponds to the volume of the water, which is
evaporated in the dryer section of the paper machine.

In many paper mills fresh water is only used for the dilution of chemical additives and at locations
of the paper machine where a highly, solid-free water quality is necessary, e.g. spray pipes and
edge sprays.

However, closing up the process water system offers both advantages and disadvantages. Enhanced
water system closure lead to a considerable loading of the process water with colloidal and
dissolved organic and inorganic compounds which may cause serious problems in the production
process if no control measures to avoid possible drawbacks are undertaken (see 6.3.2). Some of the
advantages and disadvantages of water system closure are summarised in Table 5.21.

Advantages Disadvantages
- less water consumption - build-up of (suspended) solids
- less ground water withdrawal - build-up of organic and inorganic
- less fresh water pre-treatment substances
- less wastewater discharge - more complicated processes
- production increase not hindered by end-of- | - corrosion problems
pipe treatment - increasing use of additives
- decrease fibre en filler losses - clogging of equipment
- elevated process temperature --> improved | - product quality related problems
dewatering of the paper web on the wire - scaling and slime forming
- reduced energy demand - rise of temperature of the process water (can
also be an advantage, see left column

Table 5.21: Some advantages and disadvantages of water system closure in paper mills
[Dutch notes on BAT, 1996]

In totally closed water systems (only applicable for testliner and wellenstoff production)
additional serious problems may occur which needs to be controlled:

» significant decrease of the oxygen content of the process water approaching anaerobic
conditions associated with a microbiological induced reduction of sulphate to hydrogen
sulphide and the formation of odorous low-molecular fatty acids

* intensified growth of microorganisms

* aggressive corrosion caused by high temperature and high contents of chlorides, sulphates
and organic acids
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¢ significant emission of odorous organic compounds from the dryer section of the paper
machine to the surrounding of the paper mill

¢ impaired quality of the paper produced, affected by odorous compounds

¢ higher demand of slimicides.

Most of these problems occur at fresh water consumption levels below 4 - 7 m*/t of paper. In order
to control these serious problems, some mills manufacturing "brown papers" re-opened their
already closed water circuit and are now producing with a small volume of wastewater in the range
of 2.5 to 5.0 m3/tonne paper produced.

Because of local environmental requirements, a few European paper mills applied new methods in
the middle of the 90s in order to control the demanding conditions of their closed process water
loops (see Section 5.3.4). They installed in-line treatment plants to reduce the organic load of the
process water.

In order to control all problems described when closing up water systems and to fulfil paper
quality requirements, a fresh water consumption of 4 to 7 m*tonne paper produced is often
regarded as necessary. This corresponds to a specific wastewater volume of 2.5 to 5.5 m3/tonne
paper produced. Due to its suitable BODs/COD-ratio the wastewater can be treated very
efficiently in combined anaerobic/aerobic or aerobic treatment plants (refer to 5.3.5).

In RCF based newsprint (deinked grade) the lowest wastewater volumes reported are down to
about 7 m*/t and are normally in the range of 10 - 15 m3/t.

Applicability and characterisation: Process integrated technique. For "brown" packaging
paper fresh water reduction to a level of 4 to 7 m*/tonne paper produced can be realised both in
existing and new mills. However, it seems that this level can be reached at low expense only in
rather new or recently upgraded mills. In older mills still having a higher fresh water
consumption, the reduction may cause corrosion problems, depending on the quality of
materials used for machines and pipes. Additionally, existing wastewater treatment plants have
to be optimised.

Main achieved environmental performance: Water systems closure generates less wastewater
but with an increased level of organic contamination in the water circuits. As a result, the
treatability of the wastewater can be improved. For testliner and wellenstoff reducing fresh
water consumption to a level of 4 to 7 m*/tonne paper produced increases the COD of the
process water on a concentration range which is suitable for an anaerobic wastewater treatment
associated with the benefit of biogas generation. In deinking plants the degree of water system
closure is limited due to the paper properties to be achieved (brightness, cleanliness).
Wastewater flow down to about 10 m’/t is achievable. The wastewater is usually treated by
aerobic systems (trickling filter or/and activated sludge systems).

Monitoring of emissions: Monitoring devices are flow meters for fresh water feed on the paper
machine and turbidity measurements for clear white water.

Cross media effects: Intensified process water re-use increases the temperature of the process
water. Therefore, steam consumption for heating up the process water can be reduced. A fresh
water consumption of 4 to 7 m*/tonne paper produced minimises the risk of odorous emissions
via the exhaust air of the paper machine. The applicability of anaerobic wastewater treatment
methods results in a reduction of fossil fuel demand for papermaking (see Section 5.3.5).

Operational data: The production of wellenstoff and testliner with a specific fresh water
consumption of 4 to 7 m3/tonne paper produced is common. Experiences show that this range of
fresh water consumption does not result in negative effects on the runnability of paper machines
and on paper quality. The experiences are good even in existing mills and current paper machine
design supports well their application. A number of full-scale plants manufacturing corrugating
medium with good product qualities are operating in Europe.
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Economics: Minimising fresh water consumption decreases the costs of fresh water purification
and wastewater treatment. The measures applied depend on the specific conditions in paper mills.
Therefore, it is not possible to indicate specific costs. Sufficient storage capacity for storage of
white water is necessary.

Driving forces for implementing the technique: Closing up the water system is a prerequisite
for efficient wastewater treatment (a lower investment and operating costs and higher removal
efficiencies). Driving forces for implementing measures to reduce fresh water consumption are
as follows:

- Saving fresh water costs (in some countries)

- Saving costs of wastewater purification

- Saving costs for wastewater duties

- Local environmental conditions.

Example plants: Numerous mills in Europe are operated with fresh water consumption
minimised to the described level.

Literature:
[IFP, 1998], [Dutch notes on BAT, 1996], [M6nnigmann, 1996]

5.3.3 Reduction of fresh water consumption by strict separation of water
loops together with counter-current flows (water loop closure)

Description of the technique: In the recycling of process water in integrated pulp and paper
mills i.e. nearly all RCF based paper mills the main principle is that the white water flow from
paper mill to pulp mill should be taken counter-current to the product flow. In an integrated pulp
and paper mill, the pulp department, the bleaching department (if existing) and the paper mill
have each its own white water circulation, from which the excess water goes backwards to the
previous department where water quality is less demanding. The excess white water from the
paper machine is used instead of fresh water in the bleaching department, and the excess water
from the bleaching department is used instead of fresh water in the pulp mill.

Considerable amounts of fresh water can be saved with this arrangement. Fresh water is
primarily only needed as makeup into the paper machine system.

However, in a tissue mill sometimes a lot of fresh water is required for efficient washing of
machine felts.

It is of great importance to minimise the white water from going in the same direction as the
product flow, ie. from bleaching plant to the paper machine. This is accomplished by
substracting as much water as possible from the fibre flow before it enters the bleaching system
and again before it enters the paper machine system. In this way, the carry-over of process
disturbing compounds to relatively clean process water systems is minimised.

The separation of the water loops is carried out with thickeners like de-watering screws and
wire presses or a washing stage i.e. a thickening step. Figure 5.11 shows the proposed lay out
for a Dutch paper mill that has recently investigated the potential for water loop closure. The
extra thickener leads to an improved separation of the "dirty" stock preparation and the "clean"
paper machine and thus to significant reduction of organic substances that enters the paper
machine loop."

1 The factor by which this load is decreased is in good approximation given by the ratio of the flow volume from stock

preparation into the paper machine loop and the total flow volume entering the paper machine loop. This ratio gives the degree
by which the "dirty" flow is diluted in the clean, fresh water flow.
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Figure 5.11: Lay out of water loops in a paper mill with separation of water loops and counter-
current flows

SP = stock preparation; PM = paper machine [RIZA, 1997a]; In this example it has been calculated
that the amount of COD generated in the stock preparation that enters the PM loop can be reduced
by a factor of about 2 to 4

Applicability and characterisation of the measure: This process-integrated measure can be
applied to both new and existing plants.

Main achieved environmental performance: Reduction of fresh water consumption, possible
reduction in the discharge load of COD and no increase in concentration in the paper machine
water loop thus enhancing the runnability of the process. The reduction rate depends mainly on
the situation before the improvements and the wastewater system applied afterwards. The
achieved environmental improvements should be considered as entity with the external effluent
treatment applied. Strict separation of water loops generates good opportunities for in-line
treatment, in order to remove disturbing substances (so-called kidney treatment). For further
information on kidney treatment refer to 5.3.4, 5.5.4, 6.3.3 and 6.5.1.

Measures for reduction of emissions to surface water are often closely related to reduction of
fresh water. Water system closure does not reduce the pollution load but generates less wastewater
with increased contamination levels. As a result the efficiency of the wastewater treatment can be
improved. Less wastewater has to be purified and in general concentrated wastewater flows can be
treated more effectively.

By recirculating of process waters and increasing of storage capacity the waster water amounts can
be reduced but not in the same extent as by collecting and separating of clean, warm cooling
waters.

Advantages of lower fresh water consumption and water loop closure respectively are:

= Lower volumes to external effluent treatment i.e. the treatment plant can be built with smaller
hydraulic capacities and lower investment costs. Contaminants are more concentrated in the
effluent which contributes often to higher removal effectiveness

= Lower costs of raw water

= Lower losses of fibres and fillers

* Lower energy consumption

= Higher temperatures in the process water systems result in faster de-watering on the paper
machine wire

The need for fresh water in a modern recovered paper preparation plant can be reduced to
approximately 1 m*/tonne. Consequently only about 10 % of the total fresh water demand in a
modern integrated newsprint mill based on recycled fibres (=10 m’/tonne) is consumed in the
recovered paper preparation plant.
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However, in a tissue mill sometimes a lot of fresh water is required for efficient paper machine
felt washing. In RCF based mills without de-inking no fresh water is needed in the stock
preparation.

Cross-media effects: The separation of water loops by insertion of thickeners leads to
considerable change in the composition of the paper machine water loop with respect to the
levels of organic and inorganic substances (e.g. anionic trash). This will lead to a changed
additive regime in the wet-end that, in turn will have its effect on the COD levels. In certain
applications the insertion of an extra water loop may drop the temperature in the paper machine
loop e.g. when the paper machine loop is separated from the disperger and refiner that act as a
heating device for process water (see Figure 5.11).

Operational experience: The main principle, white water flowing backwards in the system,
counter current to the product can be applied only in integrated pulp and paper/board mills.
Recovered paper plants are, with very few exceptions, integrated with a paper mill. In stock
preparation the cleanness of the process e water is less critical than in the white water of the
paper machine . Therefore, the stock preparation utilises to a very large extent excess clarified
white water from the paper mill and internally clarified white water.

But potential drawbacks of water system closure need to be controlled (see 6.3.2). Otherwise the
build-up of suspended solids as well as dissolved organic and inorganic substances in the white
water system may cause negative effects (see 5.3.3)

Economics: The costs of this measure depend on the number and nature of water circuit
rearrangements necessary and the type of additional installation needed.

Driving force for implementing the technique: The driving force for recycling process water
is to decrease the wastewater load from integrated RCF mills. A local driving force could be the
reduction of ground water abstraction.

Example plants: Numerous plants in Europe
Literature:
[CEPI, 1997b], [J. Poyry, 1994b], [RIZA, 1997a]

5.3.4 Closed Water Loops with In-line Biological Process Water
Treatment

This technique is currently only to consider in the determination of BAT for "brown papers"
manufactured from recovered papers. However, the basic principle, treatment of a part-stream
of the total process by use of a combined physical and biological system are of interest for many
other paper mills. The process water treatment plants can be regarded as ,kidneys‘ in the totally
closed water circuits.

Description of the technique: A few paper mills producing wellenstoff and testliner in Europe
and North America had been successful in bringing their wastewater discharges to zero and
operate a so-called closed water system. However, the inevitable accumulation of dissolved and
colloidal organic matter in closed water circuits creates severe problems as corrosion,
unpleasant odour in the paper produced and also in the vapour exhaust of the paper machines. In
order to reduce organic pollution of the process water, treatment techniques ordinarily used for
end-of-pipe wastewater treatment were adapted to in-mill treatment. A part stream of the
process water is treated in biological treatment plants and the purified water is reused for paper
production. The main advantage of in-line treatment is that only a part of the COD load from a
purge of white water needs to be eliminated to keep a given level of contaminants in the circuits.
This makes the in-line wastewater treatment plant economically attractive. Currently, there are
different technical options in operation. Two of them are briefly described below:
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Option 1: Anaerobic treatment followed by a re-aeration step and a decarbonization plant. After
removal of recoverable fibres by physical treatment a part of the total process water stream is
purified in a treatment plant and reused as process water. The deconcentration loop is composed
of an anaerobic treatment in a fluidised bed reactor completed with a reaeration stage for
conversion of sulfides into sulphates, and a decarbonitation plant to avoid scaling of calcium
carbonate in the anaerobic reactor and other parts of the water system.
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Figure 5.12: Example for an industrial in-line treatment in a zero effluent mill manufacturing
corrugated medium [Niovelon, 1997]

Option 2: Anaerobic treatment combined with an activated sludge system and a sand filter.

A partial stream of the process water is cooled in order to bring the water temperature down
from 55°C to 35°C.

A buffer tank/preacidification reactor is used for pre-conditioning of the water with nutrients
before feeding it into the UASB reactor. This reactor is followed by aerobic treatment in two
parallel aeration tanks. After passing a sedimentation tank the treated water is sent to sand filters
in order to reduce the concentration of solid substance. The biogas produced in the anaerobic
reactors is being scrubbed to remove the H,S and is then used for steam generation.

A simplified scheme of the process water treatment is shown in Figure 5.13.
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Figure 5.13: Example for in-line treatment of closed water loops, process water treatment system of
Zuelpich Papier GmbH, Recycled Paper Europe [Diedrich, 1997]

Pulp and Paper Industry 263



Chapter 5

By in-line treatment it is possible to achieve the desired level of COD in the circuits depending
on the flow treated and the size of the plant. The zero discharge option does not imply reaching
a high efficiency of pollution reduction corresponding to regulations but only acceptable
concentration levels in circuits to give good characteristics to the paper products. When keeping
the COD level near 7000 - 8000 mg/1 in the closed water circuit, process water quality is similar
to mills with a current average effluent volume amounting to about 3 to 4 m’/t.

Applicability and characterisation: Process integrated technique. Closed water loops with
biological in-line process water treatment can theoretically be applied at new as well as at
existing paper mills. However, there are several reasons, why this technique is not generally
regarded as BAT. The main reason is the calcium carbonate precipitation in the process water
circuit as well as in the anaerobic and aerobic treatment plants. The control of the calcium
concentration in the white water is very complex and not completely understood. Technical
solutions for this problem have still to be developed. Additionally, for application of biological
in-line treatment in an existing paper mill the total water-fibre-system has to be optimised,
which could take a few years or, especially in older mills, could not be performed at all.
However, recycling of a part of the water after biological treatment is carried out by a limited
number of paper mills in Europe producing corrugating medium.

Main achieved environmental performance: Closed water loops with in-line treatment result
in zero emissions to water.

In case of a paper mill already operating an effluent-free process water system, the in-line
treatment can be an efficient measure to reduce the pollution of the produced paper and the
concentration of odorous compounds in the vapour exhaust of the paper machine.

A German paper mill producing wellenstoff and testliner since 1970 under completely effluent-
free conditions (without in-line biological treatment) realised considerable improvements of
process water quality, paper quality and emissions of organic substances by the vapour exhaust
of the paper machines after start-up an in-line biological process water treatment plant in 1995.

Monitoring of emissions: In zero effluent mills no emissions to receiving waters have to be
monitored.

Cross media effects: Anaerobic techniques for in-line treatment reduce the generation of excess
biomass. The excess biomass can either be reused for paper production or incinerated for energy
recovery. The energy demand of the in-line treatment plant (pumps, aerators, agitators) is
completely covered by thermal use of the generated biogas. Compared to the totally closed
water system without in-line treatment the concentration of odorous compounds in the process
water (e.g. formic acids, acetic acid, propionic acid and lactic acid) can be reduced by 95 %.
This results in a significant decrease of emissions of these organic substances in the vapour
exhaust of the paper machine. Thus, unpleasant odours can be reduced significantly.

Operational Data: At the German paper mill that has realised option 2, the in-line process
water treatment was started up in September 1995. The expected efficiency of the biological
treatment was achieved within a few weeks. Since this time the plant has been operating without
any significant troubles. Nevertheless, problems caused by precipitation of calcium carbonate in
pipes and in the aeration basin have to be solved in future. Measures to reduce calcium
carbonate precipitation are still under development.

The hydraulic reliability of the circuit closure involves introducing continuously only 50% of
the water flow that is evaporated in the drying section of the paper machine (about 1 m’/t) i.e.
internal modification of the circuits have to be applied to decrease water consumption.

The French in-line treatment plant with decarbonisation (option 1) achieved its proposed
operating conditions not before March 1997. The process water circuit is completely closed.
The runnability of the paper machine and the quality of produced paper are reported not to be
affected adversely.
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Economics: Anaerobic installations require smaller and less expensive installations than
aerobic treatment with lower operating costs and an energy saving through the production of
methane. For option 1 an investment cost of 15 million FRF has been reported (including
holding tank, acidification tank, anaerobic reactor, re-aeration unit with biological filter).
Decarbonatation needed additional investments of 3 million FRF [1].

For a German in-line treatment plant that has realised option 2 investment costs of 6 MEuros
has been reported (1 MEuros of which were subsidies). The annual total operation costs
covering chemicals, disposal of separated sulphur, staff and maintenance amounts to 165000
Euros. Net energy savings of 13000 Euro/a are included. Assuming a paper production of
360000 tonnes/a and an amount of treated process water of 1000000 m?3/a, specific operation
costs of 0.5 Euros/tonne paper and 0.2 Euros/m? process water are calculated. The specific costs
including capital costs and operation cost total 1.8 Euros/tonne paper and 0.7 Euros/m* process
water respectively [2].

Driving forces for implementing this technique: Paper mills producing wellenstoff and
testliner sometimes are located at rivers used for drinking water supply or on small water
courses which are susceptible to unacceptable levels of pollution at times of low flow. To
guarantee an acceptable quality of the river water, local authorities set stringent discharge
standards based on water quality targets defined for the river. In some cases paper mills cannot
fulfil these discharge standards with end-of-pipe treatment of wastewater. Therefore, they have
to close the water circuit completely. However, the closure of the water circuit has negative
effects on paper quality and vapour exhaust of paper machines. To avoid an increase of salt
content, water hardness and concentration of odorous volatile fatty acids, the biological in-line
treatment of process water can be a suitable measure. Nevertheless, further research is necessary
to solve the problem of calcium carbonate precipitation and some other side-problems.

Example Plants: Assi Domaen Packaging Lecoursonnois Paper Mill, Mennecy/France; Ziilpich
Papier-Recycled Paper Europe, Ziilpich/Germany; Tillmann, Germany

Literature:
[Nivelon, 1997], [UBA-Report 7041, 1996], [Diedrich, 1997]

5.3.5 Anaerobic Techniques as First Stage of Biological Wastewater
Treatment

This technique has to be considered in the determination of BAT mainly for "brown papers"
manufactured from recovered papers. However, anaerobic or combined anaerobic/aerobic
wastewater treatment can theoretically also be applied for de-inked grades because the
applicability depends mainly on the COD content of the wastewater. But practical experiences
are very limited for deinked grades.

Description of the technique: The extensive closure of water circuits in paper mills processing
recycled paper causes high concentrations of dissolved organic substances in the process water.
Therefore, before being released into receiving waters, the process waters have to be purified by
biological treatment. With the combination of anaerobic and aerobic biological treatment, a
significant reduction of the organic load of the wastewater can be achieved. A simplified
scheme of a combined anaerobic/aerobic wastewater treatment plant is shown in Figure 5.14.
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Figure 5.14: Simplified scheme of a combined anaerobic/aerobic wastewater treatment plant
[IFP, 1998]

As anaerobic reactors the following systems can be used:
* contact reactor
¢ UASB-reactor (Upflow Anaerobic Sludge Blanket)
* fixed-bed reactor
¢ fluidised bed reactor.

The main purpose of the different reactor concepts is to ensure a high concentration of biomass
within the reactors. This is achieved either by recycling washed out biomass after settling in an
external separator (contact reactor system) or by attaching the biomass to a supporting media
within the reactor (fixed-bed reactor, fluidised bed reactor, UASB-reactor). The reactors can be
operated as single units or as modular combined units. Reactor systems, which are operating
with biomass supporting media, are especially suitable for high COD-loads. Biogas, mainly a
mixture of methane and carbon dioxide, which is produced by the anaerobic degradation of
process water pollutants, can be used as an energy source after desulphurization. Compared to
aerobic wastewater treatment, much less biomass is produced during the anaerobic degradation
process.

However, anaerobic treated wastewater does not comply with requirements for final COD and
BOD concentration of the treated effluent. Therefore, anaerobic treatment normally is not used
as a stand-alone treatment. The effluents of anaerobic systems are always post-treated by an
aerobic biological stage.

For an economic application of anaerobic techniques as a first stage of biological wastewater
treatment, the COD-load of the process water should not be less than 2000 mg/l. Paper mills
producing ,,brown grades* at a low level of fresh water consumption are easily reaching this
level. Paper mills manufacturing de-inked grades can also reach this level before any treatment.
Nevertheless, examples of anaerobic/aerobic wastewater treatment for de-inked grades are very
few [Driessen]. The anaerobic degradation process could be disturbed by dissolved sulphate,
when the concentration exceeds 1000 mg/l, because during the anaerobic process sulphate is
transformed into hydrogen sulphide (H,S) which is toxic to anaerobic microorganisms.
Normally, a toxic level will not be reached.

Application and characterisation: When an anaerobic stage is added before aerobic treatment
in an existing plant, the necessary capacity of aerobic treatment facilities can be reduced. In
principle, there are no problems to expand an already existing aerobic treatment plant by an
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anaerobic pre-stage when the process water composition, the COD-load and the sulphate
content are suitable for anaerobic treatment. The retrofitting of an anaerobic pre-treatment stage
is a convenient measure when the aerobic stage has reached its maximum capacity and is
probably overloaded.

Combined anaerobic/aerobic wastewater treatment plants must first of all be regarded as end-of-
pipe techniques. However, considering the efforts to control the application of chemical
additives (e.g. cleaning agents, defoamers, slimicides) to papermaking system in order to protect
the sensitive anaerobic microorganisms in the treatment plant, the biological treatment can also
be (partly) regarded as a process integrated environmental protection measure.

Some paper mills are performing trials to recycle a part-stream of the biologically treated
process water back into the water circuit. The main problems they still have to face are the
accumulation of chlorides, sulphates and calcium in the process water, causing corrosion and
calcium carbonate precipitation and scaling on pipes, wires and felts. The precipitation of
calcium carbonate is a complex problem, which needs further research work in the future.

Main achieved environmental performance: Treatment efficiencies in anaerobic reactors
depend on plant design and operating conditions. Typical efficiencies are within the range of 60
— 85 % for COD removal and 85 - 95 % for BOD removal. The total efficiency of combinations
of anaerobic and aerobic techniques is in the range of 95 — 97 % for COD-removal and 99.0 —
99.8 % for BOD-removal. The organic load in the effluent is reduced to 0.5 — 1.5 kg COD/tonne
paper produced and to 0.02 — 0.1 kg BOD/tonne paper produced, respectively.

A German 100% RCF based paper mill (without de-inking) reported an improvement in
treatment efficiency by use of combined anaerobic-aerobic treatment compared to a two-stage
aerobic treatment. As yearly average values the following values have been achieved:

Parameter Unit 2-stage aerobic | Anaerobic/aerobic
treatment treatment
COD concentration mg/l 290 190
BOD:s- concentration mg/l 21 12
COD-load kg/t 0.93 0.68

Table 5.22: Yearly average values of treated effluent of a German 100% RCF based paper and
board mill without de-inking

In combined anaerobic/aerobic treatment plants the energy demand related to 1 tonne COD
removed (mainly used for pumping and aeration) is about 200 - 300 kWh, whereas in stand-
alone and well-designed aerobic plants the energy demand for 1 tonne COD removed amounts
to 500 - 600 kWh.

The volume of biogas produced during anaerobic degradation ranges from 400 to 600 m3/tonne
COD removed. The methane content varies in the range of 65 — 75 %. Since the calorific value of
methane is 35.7 MJ/m?, the energy resulting from the thermal utilisation of biogas in a CHP power
plant is in the range of 1900 — 2900 kWh/tonne COD removed, assuming an efficiency of the
power plant of 75 %. Energetic utilisation of biogas not only covers the total energy demand of the
anaerobic/aerobic treatment plant. A part of the produced energy (about 70 - 80%) can be used for
the paper production process.

Monitoring of emissions: The main parameter used to control the performance of anaerobic
and aerobic wastewater treatment techniques is the COD, which is mostly analysed on a daily
basis. For anaerobic systems the biogas production rate, continuously measured by a gas meter,
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is another important control parameter, as well as the continuous measurement of CO,-, CHy-,
and H,S-contents of biogas.

Cross media effects: Anaerobic pre-treatment contributes to a significant reduction of the
excess sludge production. Compared to stand-alone aerobic treatment of wastewater, in a
combined anaerobic/aerobic treatment plant the biomass production is reduced by 70 to 80 %.
External depositing of the sludge can be avoided by returning the excess-sludge into the paper
production process. However, returning excess sludge into the paper is only applicable in
specific cases. The proportion of sludge on the raw materials input is less than 1 %. After
desulphurization, the produced biogas can be used as fuel in in-mill power plants, substituting
fossil fuels.

Operational data: Combined anaerobic/aerobic treatment plants have been operated since
1990/91. Compared to stand-alone aerobic treatment plants, they have proved themselves to be
more stable systems with respect to changing COD-loads and toxic or inhibiting substances in
the process water. The availability of the plants is close to 100 %.

Suspended solids in concentrations above 200 mg/l could cause problems in anaerobic systems,
especially in fixed-bed reactors. In some UASB-reactors a slow disintegration of the biomass
pellets was observed. In this case, the biomass can be replaced by new pellets from other
UASB-reactors in order to keep the reactor in effective operation. The anaerobic pre-treatment
considerably reduces the tendency for developing bulky sludge in the following aerobic stage.
Excess sludge produced in the aerobic stage can be recycled to the paper production process
without causing any problem.

Economics: The investment costs for combined anaerobic/aerobic wastewater treatment plants
vary in a wide range depending on the specific COD load and the volume of wastewater.
Assuming COD loads of 20 to 35 tonne/d, which correspond to an annual production of
wellenstoff and testliner of 200000 to 350000 tonne, the investment costs are in the range of 7
to 12 MEuros.

Taking into account the net energy savings by use of the produced biogas as fuel, the annual
operating costs including chemicals and operating materials, waste disposal, staff and
maintenance are in the range of 0.6 — 1.0 Euros/tonne paper produced.

Driving forces for implementing this technique: The most important reason to install
combined anaerobic/aerobic systems for the biological treatment of process water was the
improved stability with regard to fluctuations of COD-loading compared to a stand-alone
aerobic treatment plant. Another incentive was the production of biogas and its use as fuel in
power plants. Energetic use of biogas not only covers the energy demand of the
anaerobic/aerobic treatment plant. There is an energy surplus, which can be used in the
production process. Finally, the considerably smaller volume of excess sludge produced has to
be regarded. By using combined anaerobic/aerobic techniques instead of a one-stage or two-
stage aerobic technique, the sludge production is reduced by 70 — 80 %. This fact is of special
interest for paper mills which do not have their own facilities for energetic utilisation of excess
sludge and do not recycle sludge into the production process, and therefore have to provide for
expensive external disposal.

Example Plants: Numerous anaerobic plants are operated as the first stage of wastewater
treatment in European paper mills producing testliner and wellenstoff. Approximately 12 plants
are installed e.g. in Germany of which 9 are based on the UASB-system, two on fixed-bed
reactors and one is equipped with a contact reactor.

Literature:
[Koepp-Bank, 1991], [Hamm, 1991], [Driessen], [IFP, 1998]
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5.3.6 Aerobic biological treatment
Refer also to 6.3.9

Description of the technique: Aerobic biological treatment for effluents from recovered paper
mills has been used for over 20 years to remove oxygen consuming organic substances and
specific organic compounds. These substances are converted by different variants of biological
treatment systems into biomass, carbon dioxide and water. Low loaded aerobic activated sludge
systems are widely used. The nutrient content in wastewater of recovered paper mills is
generally low. Therefore, to ensure efficient operation of the biological system phosphorus and
nitrogen controlled addition is necessary. In order to control eutrophication problems,
overdosing of nutrients and unnecessary emissions of nutrients should be prevented.

Applicability and characterisation: Applicable to both new and existing mills.
Main achieved environmental performance: Achievable removal efficiency is in the range of

95-99% for BODs and 75 - 90% for COD. Achievable effluent data by low rate activated sludge
treatment are summarised in Table 5.23.
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Parameter Achievable concentrations and Typical removal
loads for de-inking recovered efficiency
fibre mills [%]
mg/l kg/t
BOD:s after treatment < 20 (down to 5) 0.21 95-99
COD after treatment <230 2.3 80 - 85
TSS <30 0.2 99
Discharge volume 11 m’/t

Table 5.23: Low loaded activated sludge performance data in paper and board production from
recovered fibres

[Dutch notes on BAT, 1996] and measured effluent values from German recovered fibre paper
mills with de-inking]

Removal efficiencies by use of combined anaerobic/aerobic biological treatment are usually
slightly higher (see 5.3.5). The overall treatment efficiency is over 99% for BODs removal and
over 95% for COD removal. But up to now, the application of anaerobic treatment is mainly
limited to recovered paper mills without de-inking. In the Netherlands, the wastewater of three
RCEF processing paper mills is treated simultaneously by an anaerobic/aerobic treatment system.
One of these mills is a de-inking plant. However, there are some promising trials on laboratory
scale to apply combined anaerobic/aerobic biological treatment to de-inking plants, too.

Recycling of a part of the water after biological treatment seems to be possible. At least one
newsprint mill using 100% recovered paper as raw materials is using about 10% of the treated
effluent (activated sludge + sand filter) in the paper mill without any problems.

Monitoring of emissions: Usually the main effluent parameters are measured daily or at least a
few times a week. Additional measurements to control the activated sludge system are necessary
as e.g. O,-content, SVI (Sludge Volume Index), water flow, and analyses of the biomass.

Cross media effects: During aerobic wastewater treatment excess sludge is produced which has
to be thickened, de-watered and further treated. A typical value for activated sludge plants is in
the range of 0.6 kg excess sludge/kg BODs cjiminaea (@s dry solids) generated during treatment.
Thus, depending on the quality of recovered paper and on the process design about 10 kg excess
sludge from biological treatment per tonne of paper (on a dry basis) may be expected.

For aeration of the active biomass (activated sludge) and for pumps electrical energy is needed.

The specific consumption of energy for degradation/elimination of 1 kg BODs amount to 0.6 - 3
kWh/kg BODs ¢jiminaea- 1f the system is well-designed a value of < 1 kWh/kg BODs ¢jiminated €Can
be achieved [Mobius, 1997]. This value can also be used to compare expected operating costs of
different wastewater systems.

Especially during the summer period, the wastewater treatment plant of RCF paper mills may
emit annoying odours. If the wastewater treatment is well designed and controlled annoying
odours can be avoided.

Operational experiences: Aerobic biological treatment for effluents from recovered paper mills
has been successfully used for over 20 years. The phenomenon of bulking sludge has to be
controlled.

Economics: Data on costs are only available for an integrated paper mill manufacturing paper
based on mechanical pulp. The wastewater treatment system is comparable to the one applied
for the treatment of effluent from recovered paper processing. Therefore, the figures on costs
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can give a rough picture in which range the cost might be expected. The investment costs for a
completely new activated sludge treatment plant are approximately 13.0-15.5 MEuros for a new
1000 Adt/d integrated mechanical pulp and paper mill. These costs include also the necessary
primary treatment and sludge handling. The corresponding operating costs are 1.2-1.5
MEuros/a.

Driving force for implementing this technique: Many Member States have set requirements
for effluents from paper mills which consider biological treatment generally as BAT on a sector
level. As a consequence, most paper mills based on recovered fibres had to build activated
sludge systems or other treatment systems with comparable efficiencies.

Example plants: Numerous aerobic wastewater treatment plants are operated in European
paper mills producing paper based on de-inked recovered fibres.

Literature:
[Dutch notes on BAT, 1996], [Mobius, 1997b], [CEPI, 1997b]

5.3.7 Upgrading of stock preparation plants with decreased electricity
consumption and emissions

The following description applies mainly for recovered paper mills without de-inking as e.g.
paper mills producing case making material (testliner, wellenstoff). However the basic
principles are valid for all recovered paper processing mills. De-inking mills might have
additional options in the de-inking process units.

Description of the Technique: There might be different aims for upgrading of stock
preparation plant concepts. They depend on the priorities set by a given company such as better
removal of smaller impurities and contaminants to improve product quality and efficiency of the
paper machine, enhanced recovery of fibres from rejects thus reducing the fibre losses, or
energy savings. Another aim can be simplification of the stock preparation system resulting in
less energy consumption, less material losses, and less space needed. In order to simplify the
stock preparation, especially for brown grades the possibilities for removal of energy consuming
dispersion and traditional cleaning stages are discussed. In contrast, extended process concepts
with a higher number of process stages might be used to manufacture paper for special purposes
or to meet the customers needs (high-quality products).

The processing of recovered paper targets first of all the removal of non-fibre components (e.g.
plastics, metal, wood, sand) and the elimination of detrimental substances such as stickies, wax
or small pieces of undisintegrated paper (flakes) of wet-strength paper. The second goal of pulp
processing is the treatment of the fibres themselves to control the quality of the paper to be
produced. To achieve this aim, fibres can be fractionated into long-fibre and short-fibre
fractions and further treated. For example, low intensity refining improves the bonding ability of
the recycled fibres, resulting in increased strength characteristics of the paper produced, and
disperging improves the optical homogeneity of the paper.

For each specific treatment of recycled pulp, special machines are used in various ways. Thus,
the screening and cleaning processes must operate in two to four stages in order to reduce the
fibre losses in the final stage of each process. To realise an adequate runnability of the paper
machine it is also essential to operate additional cleaners and screens in the stock approach flow
system. This prevents that deposits released from chest walls or from pipes enter the headbox
and the wet-end of the paper machine. These deposits would lead to web breaks and downtime
of the machine.

A balance between cleanliness of stock, fibre losses, energy requirements and costs have to be
found and are to certain extent depending on the paper quality produced.
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In the following some of the different technical options for stock preparation plant concepts are
highlighted including there major advantages and drawbacks. Implications for the electricity
demand are indicated.

Figure 5.15 shows four examples for stock preparation plant concepts for processing recovered
paper for 2-ply testliner. This paper grade is used as an example because of its high importance
in tonnage for paper and board mills in Europe and because information was easily available.
Table 5.24 compiles for these four options the major characteristics, summarises the electricity
demand, and gives some explanations concerning the lay out of the stock preparation plant. The
figures for electricity demand for the four different systems result from the values for specific
energy demand for single process units as compiled in Table 5.25 further below. They should be
considered as a realistic approximation. Real mills might have slightly lower or higher values.
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Figure 5.15: Four examples for stock preparation plant concepts for processing recovered paper for 2-ply testliner
[IFP, 1998]
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Figure 5.15 (cont.): Four examples for stock preparation plant concepts for processing recovered paper for 2-ply testliner [IFP, 1998]
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Major features of the Electric. demand Explanatory notes
different stock preparation | Range (Average)
plant concepts

Example 1 Minimised cleaning and screening in the 45-95 (70) kWh/t Pulp is split without fractionation and fed into
stock preparation plant without two separate lines for separate cleaning and
fractionation and without further fibre screening in both lines with different slot
treatment like dispersion and additional widths. The rejects of the topliner are introduced
cleaning and screening. The stock approach into the backliner for further treatment. In the
flow system is extended in respect to backliner a deflaking process is established to
screening and cleaning in order to achieve disintegrate fibre flakes into individual fibres for
sufficient clean recovered pulp the benefit of final screening efficiency and a

reduced amount of rejects

Example 2 Comprises fractionation and dispersion, 65 -175 (110) kWh/t | Fractionation is carried out in order to save
after fractionation screening, light- and power of the following energy-intensive
heavy-weight cleaning of the long-fibre disperging by treating only a part-stream of the
fraction is not applied; compromise recovered pulp (long-fibre fraction). Leaving
between minimised energy demand by out screening, light- and heavy-weight cleaning
reduced machinery equipment installations of the long-fibre fraction after fractionation
and the requirements of the final product saves energy
quality

Example 3 Additionally to example 2, screening as 75 - 175 (120) kWh/t [ Dispergers have to be fed with high consistency
well as light- and heavy-weight cleaning of pulp (22-32% dryness). Previously, dewatering
the long-fibre fraction after fractionation is (thickening) by means of e.g. disc filter, belt
applied press or SCrew press is necessary

Example 4 Fractionation is extended by additional 110 - 270 (190) kWh/t | Washing in combination with a part-stream
screening and cleaning (HW and LW), (with all options) removal of fines and fillers by a DAF system
optional refining of the long-fibre fraction, control the fines and filler content in the paper,
washing of the short-fibre fraction and by resulting in increased strength characteristics of
two dissolved air flotations (DAF)* in the the paper produced.
process water recirculation Refining can be performed to improve the

bonding ability of the recycled fibres

Explanatory note:

*  Process water cleaning by DAF of a part-stream treatment of the wash filtrate of the short fibre fraction as well as of
paper machine white water II controls the removal of solids (fines and fillers) and to some extent of colloidal
substances. The removal of colloidal substances controls the organic white water load (in terms of COD and BOD).
More important is the control of fines and fillers in the process water for the benefit of the strength characteristics of the
paper produced. Both measures improve the paper quality and the paper machine runnability

Table 5.24: Major characteristics and electricity demand of different stock preparation plant
concepts for processing recovered paper for 2-ply testliner
Some explanatory notes are given where considered helpful [Data derived from IFP, 1998]

Applicability and characterisation: Process-integrated measure. Rebuilds of stock preparation
plants as well as of the stock approach flow system can be usually realised in existing mills.

A "standard" stock preparation plant typically uses more machines than are required for this
"minimised" stock preparation plant system (example 1). To adapt a "standard" system to a
"minimised" concept, the shut down of only a part of the equipment is necessary and probably
some new pipes and pumps for the connection to the machine chest are required. The stock
approach flow system has to be extended. Existing screens from the stock approach flow system
or from the stock preparation plant are usually not sufficient, due to the limited capacity when
screen baskets with a narrow slot width of 0.15 mm are installed. Therefore, investments of
advanced pressurised screens for the approach flow system would be necessary.

Main Achieved environmental performance: The electricity demand for stock preparation
and stock approach flow system is between 20 and 40 % of the total power demand of a
recovered paper processing mill without de-inking. Therefore, optimisation of the stock
preparation plant with respect to savings of electricity is worth considering. Reduced electricity
consumption results in reduced air-borne emissions, which depends further on the type of fossil
fuel used.
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The environmental advantage of the concept ‘example 1’ is related to savings of electricity for
the stock preparation and the stock approach flow system. A system installed in a German paper
mill operates with an electrical power demand of 60 kWh/tonne paper produced. For
comparison: the mean value of the electricity demand given in the Table 5.25 below results in a
power demand between 45 kWh/tonne and 95 kWh/tonne (average 70 kWh/tonne) paper for the
system shown as example 1.

In comparison to a concept where screening as well as light- and heavy-weight cleaning of the
long-fibre fraction after fractionation is applied (example 3) the energy demand of example 2 is
reduced by 10 % to 20 % (65 kWh/tonne — 160 kWh/tonne).

The main positive effect on the environment achieved by "extended" stock preparation plant
concepts as example 4 is related to high paper machine efficiency resulting from a very clean
pulp with improved strength characteristics.

The electricity demand given in Table 5.24 above results from figures for specific energy
demand of unit processes given in Table 5.25 below. As can be seen, the differences in
electricity demand between the four options are significant: example 4 (with all options)
requires between 110 kWh/tonne and 270 kWh/tonne compared to 65 kWh/tonne and 160
kWh/t consumed by example 2.

However, it has to be born in mind that improved efficiency of the paper machine that is
achieved by cleaner pulp results in lower specific electricity and steam demands for paper
production, because during breaks the paper machine still uses electricity and steam. In contrast,
technologies that are connected with the need for more frequent system washing (downtime)
decrease energy efficiency and increase emissions.

Unit Process Specif. Energy Demand Operating Consistency
kWh/tonne %

Pulping 10-20 3-6
Deflaking 20-60 3-6
Screening 5-20 0.5-4.0
Tail Screening 20 —40 1-4
Centrifugal Cleaning 4-8 <0.5 = 4.5 (<6.0)
Fractionation 5-20 3-4
Thickening 1-10 0.5 = 5(10)
Dewatering (Screw Press) 10-15 2-5=>15-50
Dewatering (Double Wire Press) 2-4 2-5=15-50
Disperging 30 —80 22 -32
Low-Consistency Refining 5 — 25 (per SR* unit) 3.0-55
High-Consistency Refining 10 — 60 (per SR* unit) 25-35
Washing 5-20 0.7-14=5-12
Dissolved Air Flotation (DAF) 10-20 <0.3 = 0.01
Storing 0.02 -0.1 3.0-5.5(12)
Mixing 0.2-0.5 3.5-45
Notes:
= = change of consistency range between inlet and outlet of the equipment concerned
*SR = Schopper-Riegler freeness

Table 5.25: Specific energy demand and operating consistencies for unit processes in the production

of Wellenstoff and Testliner

[IFP, 1998; data according to a machinery supplier]; data refer to 100% efficiency]
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Cross media effects: Paper machines running with increased efficiency have lower electricity
and steam demands per tonne of paper. The improved recycled fibre quality results in an
improved paper quality.

The rejects from different process stages can be collected separately and used for different
purposes. For example, rejects containing high amounts of plastics can be incinerated with the
benefit of considerable energy recovery, due to their high heat values. Rejects with high
amounts of organic fibre material can be used for composting. The rejects of the high-density
cleaner as well as of the pulper disposal system usually are disposed of by landfilling because of
their high content of inorganic material (e.g. stones, sands, staples, clips, etc.)

Operational data: World wide a large number of mills are producing testliner with
fractionation and dispersion. Sometimes refining is also included in the stock preparation plant.
Nevertheless, no exactly identical systems appear to exist.

Example 1 as shown in Figure 5.15 can be regarded as a "minimised" stock preparation plant
concept. It is running in one mill producing testliner and wellenstoff (Ziilpich Papier — Recycled
Paper Europe, Germany). With respect to the achievable paper machine efficiency and local
limitations this stock preparation plant concept has to be regarded as an experiment. Because of
limited time of experience it is not yet possible to evaluate the success of this energy saving
concept. The system seems to result in slightly increased losses of fibres.

Screening in a conventional stock approach flow system has predominantly an insurance against
accidental contamination with low demands for maintenance. The maintenance required in the
conventional stock preparation does not necessarily contribute to a paper machine shut down
because of the pulp storage capacity in available chests. In contrast, if finely slotted screen
baskets (with a slot width of 0.15 mm) are applied in the approach flow system in order to
achieve sufficient clean recovered pulp (as in example 1) those screens require more extensive
maintenance for cleaning. This results in a shut down of the paper machine and lost production.
Therefore, the paper machine efficiency with the "minimised" stock preparation is normally
poorer than that with a well equipped "standard" stock preparation plant.

Economics: The investment and the operation costs of example 2 are lower compared to the
example 3 and 4 and higher compared to the example 1 shown in Figure 5.15. However,
increase of costs for the operation of the stock preparation plant has always to be evaluated in
the light of improved paper machine efficiency. A lower number of shut downs and web breaks
as well as improved paper quality is also important factors.

Besides the higher investment costs for the equipment of "extended" stock preparation concepts
(example 4), increasing operation costs in terms of the electricity demand for stock preparation
have to be expected.

"Minimised" stock preparation concepts (as in example 1) require relatively low investment
costs. Low electricity reduces operation costs also.

Driving forces for implementing this technique: The principal driving force for implementing
stock preparation plant concepts with a higher number of process stages is the high quality
requirements of the paper to be matched, which has to compete on the market with paper
manufactured from virgin fibre. A further incentive is that paper machine runnability should be
improved. The driving forces to implement stock preparation plant concepts with "minimised"
process stages are lower investment and operation costs mainly savings of electrical power as a
result of the fewer machines required.

Example plants: Several mills in Europe are equipped with a stock preparation system similar
to example 2 including fractionation and dispersion. However, the equipment installed and the
number of process stages varies and no exactly identical system appears to exist. Some mills
also have implemented a dissolved air flotation for process water treatment. The combination
with washing as shown in example 4 has not been realised for testliner production so far.
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Literature
[IFP, 1998]: This report contains many other references.

5.3.8 Generation of clarified water from recovered paper processing with
de-inking

Description of the technique: Recycling of larger amounts of white water in recovered paper
plant with de-inking is only possible if there is a system for clarification of white water. The
systems for water clarification used almost exclusively in the paper industry are based on
sedimentation, filtration (disc filter) and flotation. Best available technique at the present time is
dissolved air flotation. Anionic trash and fine are agglomerated into physically treatable flocs by
using additives. High-molecular, water-soluble polymers or inorganic electrolytes are used as
flocculants. The generated agglomerates (flocs) are then floated off in the clarification basin. In
Dissolved Air Flotation (DAF) the suspended solid material is attached to air bubbles. These
bubbles transport the material to the surface of a circular or rectangular basin where it is scraped
off and fed back to the stock preparation. The clarified white water is taken out from the bottom
(see Figure 5.16 below).

Sludge discharge

Air cushion P
-
Floated sludge

. Clarified water

Figure 5.16: Operating principle of a dissolved air flotation (DAF)
[M.Schwarz, 1995]

In a flotation system with a circular basin, the air bubbles are generated by mixing air into the
circulation water at high pressure. When the pressure is reduced at the inlet of the basin,
microscopic air bubbles are formed. The size of the bubbles is critical. Flocculation agents are
usually added to the white water ahead of the flotation to improve separation.

The advantage of flotation is that small-size colloidal material also can be removed. This is a
great advantage in the recovered paper plants with deinking, where a large part of the solid
material in the process water is colloid. In deinking systems flotation is today the only way to
purify the process water for recycling. In a deinking plant the material is pumped to the sludge
de-watering instead of being recycled in the process as in paper mills using virgin fibres.

The flotation systems generally give very pure water, but the efficiency is dependent on several
factors, which have to be monitored, and controlled as e.g. pH, volume flow, air bubble size and
consistency flow. However, at optimum conditions the efficiency is very high. Another
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advantage of flotation is that the saturation of air (oxygen) in the process water prevents the
forming of anaerobic bacteria.

Applicability and characterisation of the measure: Process-integrated technique. Upgrading
of water clarification system is often combined with rearrangements of water loop systems. It
can be adopted in new and existing recycled fibre mills.

Main achieved environmental performance: The advantage of dissolved air flotation is that
small size colloidal material can be removed. This is a great advantage in the recovered paper
plants with de-inking, where large parts of the solid material in the process water is colloid. By
use of DAF at the suitable position in the water loops the degree of water loop closure can be
continuously adjusted to the requirement of the process water quality depending on the
concentration of anionic trash, additives consumption and product quality requirements.

Cross-media effect: Chemicals are needed as flocculants. Electricity is required mainly as
pumping energy to saturate part of the untreated water, or a corresponding amount of clarified
water, with air after raising the pressure to 7 bar. Floated sludge is generated which have to be
de-watered.

Operational experience: Dissolved air flotation systems are mature concepts. All components
can be combined on a modular basis for optimal results for different applications.

Economics: No data available.

Driving force for implementing the technique: The driving force for upgrading the water
clarification systems with dissolved air flotation in de-inking plants is that is allows optimal
water management and adjustment of water loop closure as required (see Figure 5.3 and Figure
5.4).

Example plants: Numerous plants in Europe

Literature:
[CEPI, 1997b], [J. Poyry, 1994b], [Schwarz, 1995]

5.3.9 Cogeneration of Heat and Power (CHP)

Description of the Technique: Paper industry is a high energy consuming industry. Increased
speed of paper machines, more sophisticated recovered paper processing systems, and
technological development in general have resulted in higher consumption of electricity in paper
mills whereas the specific use of steam remained virtually unchanged.

The energy losses from power generation and from heat production can be reduced by combined
generation of both, heat and power (CHP, also called cogeneration). Cogeneration plants raise
the conversion efficiency of fuel use from around one-third in conventional power stations to
around 80% (or more). Thus, for many paper mills it is possible to increase the overall energy
efficiency of the process by making use of the cogeneration thus reducing fuel consumption and
air emissions. The energy requirement and the heat-power ratio in the paper and board industry
is very appropriate for the use of CHP [Proger, 1996]. The characteristics of the processes as
high and balanced electricity and heat needs, and regularity of operation over the year are also
favourable.

Many paper mills have installed different kinds of cogeneration processes. For instance, for
boiler houses fired with gas one or several gas turbines prior to the existing supplementary fired
steam generator can be installed to reach a higher output of electricity from the plant. If a steam
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turbine is already in operation a gas turbine can be installed before the steam generator to
generate a higher yield of power.

There are different schemes for combined cycle power plants on the market. Which system is
applied depends mainly on the existing power plants already in operation and on local
conditions.

As an example, the more modern and most efficient combined cycle gas/steam cogeneration is
briefly described. This type is characterised by a very high efficiency and the ability to produce
- for the same quantity of heat required in the paper mill - significantly more electricity than the
previous steam plants. Where it is practicable this system should be considered as preferable
option.

As in normal gas turbine technology air is drawn from the atmosphere and compressed. In the
combustion chamber, fuel and air from the gas turbine compressor are mixed and combustion
takes place. After combustion, the flue gas is expanded in a turbine, which drives a generator. In
combined cycle power plants the thermal energy contained in the gas turbine exhaust gas is
utilised in a heat recovery steam generator to produce steam that is used to generate additional
electricity via a steam turbine. Plants for co-generation of heat and power convert 80-93% of the
energy input into 40-70% heat and 45-20% electricity depending on the specific need of the
mills and the system applied. Conventional electricity generation converts somewhat less than
40% of the energy input into electricity. The rest of the energy input is lost.

Applicability and characterisation: Process integrated technique. Cogeneration is a well-
known and developed technique. It can be applied to both new and existing mills, if the mill lay
out allows it. In existing plants cogeneration can be implemented for instance by repowering
existing steam back-pressure units by transforming them into combined-cycle cogeneration
plants. The relative small size of most tissue mills can make CHP less viable than for large
mills.

Main Achieved Environmental Performance: Emissions per unit of generated heat or power
drop significantly as a result of the increased thermal efficiency of CHP. Overall thermal
efficiencies can reach 93% thus reducing the carbon dioxide release rate by about 50%
compared to conventional power generation combustion systems with an electrical efficiency of
about 38%. In contrast, emissions to air on the site will increase.

In Table 5.26 an example of the achieved fuel savings and emission reduction rates for the
major pollutants is compiled for a gas turbine in combined cycle applications (GuD). The
example represents a cogeneration process that achieves the highest possible thermal efficiency.

In this example, combined co-generation of steam and power (93% fuel efficiency) is compared
with conventional electricity generation by coal fired public utility (40% electrical efficiency,
example for the German situation) and an on-site steam generation (90% thermal efficiency). It
should be noted that the achievable improvements depend on the system compared with.
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Example of a combined co-generation designed for 40 t steam/h; mg/MJ*
production of ca. 20t/h
Power Output Combined MW 9.5
Process Heat Combined MW 26.0
Power Heat Ratio MW/MW 0.37
Utility Gas Turbine Supplemental Firing | Total
Firing Thermal Capacity MW 14.8 244 38.2
Gas Flow (dry, normal cond.) | m’/h 48150
Emission NO, mg/m’ 160
Emission CO ~ mg/m’ 5
Emission SO, ~ mg/m’ 0
Mass flow NO, kg/h 7.7 60
Mass flow CO kg/h 0.2 1.5
Mass flow SO, kg/h 0 0
Mass flow CO, t/h 7.6 59.5

* content of oxygen in the waste gas is 3 %

Electricity by Coal Fired Public Utility 360 MW - Process Steam by Steam Block 40 t/h

Share of Power Generation MW 9.5
Heat Generation MW 26

Utility Electr. Generation | Steam Generation Total
Firing Thermal capacity MW 25 29 54
Gas Flow (dry, normal) m’/h 28500 29200 57700
Emission NO, mg/m’ 300 130
Emission CO mg/m’ 250 10
Emission SO, mg/m’ 200 0
Mass flow NOx kg/h 8.6 3.8 12.3 96
Mass flow CO kg/h 7.1 0.3 7.4 58
Mass flow SO, kg/h 5.7 5.7 44.6
Mass flow CO, t/h 8.27 5.8 14.07 110

Explanatory note:
It is assumed that co-generation substitutes base load electricity generation by public utilities. In Germany, the
upper base load is generated by coal fired utilities. The comparison is made with a 40% efficiency power
plant with modern desulphurisation and denitrification and 2% transmission losses

*  Calculation for conversion of the figures into specific values: 1 MW x 3600 = MJ; e.g. (9.5 + 26.0) x 3600 =
127800 MJ/h;
e.g. the specific NOx emissions can be calculated as 7700g/h : 127800 MJ/h = 60 mg/MJ

Table 5.26: Comparison of environmental performance of an operating combined co-generation
plant with public utility supply under German conditions
[Example calculated by F.Hutter GmbH Biberach, Germany]

In the case described in Table 5.26, the following reduction rates are achieved by the application
of combined co-generation:

e fuel consumption: 29 % reduction,

e NO,: 38 % reduction,

e (CO: 97 % reduction,

e SO,: 100 % reduction,

e COy, fossi: 46 % reduction.

Monitoring of Emissions: In bigger co-generation plants NO, and CO content of the exhaust
gas is controlled continuously. Other mills may have periodic measurements of NO, and CO.

Cross Media Effects: In conjunction with the greenhouse effect, cogeneration power plants
based on gas turbines in combined cycle application are regarded as being an important option
for the reduction of CO, because of their comparatively high thermal efficiency also for
relatively small capacity units (from some MW upwards). The high electricity/heat ratio and the
high efficiency of the conversion of fuels to power and heat reduces significantly the specific
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CO, emission per kWh produced compared to conventional power plants. The overall emissions
for power generation decrease due to higher thermal efficiency.

Operational Data: Co-generation of heat and power by using different schemes of combined
cycles has been applied in a number of paper mills in Europe with good results. No major
problems have been reported. Qualified personnel to operate the plant are needed in plants with
large capacity.

Economics: The achievable savings and the payback time depend mainly on the price of
electricity and fuels within the respective European countries. Investment costs and costs for
depreciation and maintenance have to be considered. For the mills that have applied co-
generation of heat and power this measure was a cost-effective measure (under the given energy
prices). The specific investment for transforming existing steam backpressure units into
combined cycle cogeneration plants is in the range of 1000 Euro/kW.

Driving forces for implementing this Technique: It reduces significantly the consumption of
fossil fuels, CO, emissions (greenhouse gas) and other air pollutant related with power
generation by combustion of fossil fuels. Co-generation of heat and power is often an
economically viable measure and make mills more independent from external electricity
suppliers. If the whole cogeneration potential of a site will be realised, in most cases the
production of the plant will exceed the mill’s electricity need. A certain amount of electricity
generated at high efficiency will be available for the public grid, if the overall market conditions
are favourable to it.

It may contribute substantially to the commitments of the Kyoto protocol.

Example Plants: Use of combined heat and power generation is a well-known technique and is
applied in numerous paper mills in Europe.

Literature
[Rentz, 1996], [Proger, 1996], [Data from a German RCF paper mill]

5.3.10 Reject and sludge handling and processing (de-watering) on-site

This technique applies strictly speaking only for "brown papers" manufactured from recovered
papers. However, de-watering is an environmental concern for all RCF based paper mills even
though they will have different amounts and composition of rejects and sludge.

Description of the Technique: In recovered paper processing, the removal of impurities
(mainly in terms of non-paper components) from the pulp slurry is one of the most important
process steps. Impurities are removed by multi-stage cleaning and screening at various places of
the stock preparation. In the production of wellenstoff and testliner the material loss ranges
between 4 and 8 %, depending on the recovered paper grades processed, the stock preparation
arrangement established and on the paper quality to be produced. The rejects generated can be
subdivided into heavy-weight, coarse rejects and light-weight, fine rejects. Usually these rejects
have no material recycling potential and are disposed of by landfilling.

Regardless of the re-use or final disposal, dewatering of the rejects is an essential stage of waste
handling. All commonly applied methods for energy recovery and disposal benefit from a high
dry solid content of the rejects. Today, the ragger as well as the rejects from pulper disposal
systems is mostly not subject to any special dewatering. Due to their material composition,
‘draining off” results in a dry content of 60 to 80 %. For dewatering heavy and coarse rejects
produced by high-density cleaning and pre-screening, screen spiral conveyors, vibrating
screens, screw and rake classifiers are used. Dry solid contents of 60 to 80 % are achievable.
The dewatering of light and fine rejects from forward cleaning and fine screening using screens,
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endless wires or vibrating screens is followed usually by a further dewatering by means of
screw presses. The achievable dry solid content is in the range of 50 to 65 %.

The excess sludge generated in biological wastewater treatment plants in most European paper
mills producing wellenstoff and testliner is re-used in paper production. Related to the volume
of recovered paper used, the volume of the re-used sludge is less than 1 % by dry weight. Such a
small volume can be used as a raw material for paper production without affecting the
runnability of the paper machine and the paper characteristics. In this case dewatering facilities
are not necessary. Various investigations have shown that the re-use of excess sludge from the
biological wastewater treatment plant in paper production does not increase the concentration of
detrimental contaminants in the paper produced, since the content of detrimental substances in
the sludge itself is very low.

Applicability and characterisation: Process integrated technique. Reject dewatering facilities
are common in new as well as in older paper mills. Retrofitting of more effective dewatering
systems is possible. The resulting increases of the hydraulic load of the wastewater treatment
plant have to be taken into account.

Main achieved environmental performance: Depending on the types of rejects and the reject
dewatering system, the water content of rejects can be reduced by 40 to 75 %. In the case of
reject disposal in landfill sites, the risk of generating leakage water is minimised. When co-
firing rejects in power plants or in cement rotary kilns, the energy demand for the evaporation of
water in rejects decreases. This contributes to a higher energy recovery rate.

Monitoring of emissions: Water emissions from reject dewatering facilities are controlled by
flow meters. The water squeezed out is generally released in the process water system or to the
wastewater treatment plant.

Cross media effects: Reject dewatering results in an increased volume of water to be treated.
Because dewatering is generally performed only by mechanical forces, the pollution of
squeezed out water is equal to that of the process water. When using screw presses, one has the
possibility to heat the rejects by injecting steam, which affects the pollution of squeezed out
water. This must be considered especially in cases where the wastewater treatment plant has
already approached its maximum capacity. Injecting steam has a cross media effect on energy
consumption and air emissions.

Operational data: Reject dewatering processes have been used in paper mills for many years
with good results in terms of the increased dryness of the reject and the availability of the
machines concerned. To obtain a high dewatering efficiency, most new installations have been
screw presses in the last few years.

Economics: Investment costs for reject dewatering — including a dewatering drum as a first
stage and a screw press as a second stage — to a dry solid content of 65 % are about 200000
Euro. Annual maintenance costs should not exceed 25000 Euro. The costs correspond to an
annual reject volume of 13000 tonnes dry substance.

Driving forces for implementing this technique: The driving force to implement reject
dewatering processes was the reduction of waste volume to be disposed of by landfilling. Since
co-firing of rejects for energy recovery, e.g. in cement production, has become an alternative for
disposal such reject handling is given high priority.

Example plants: Numerous plants in Europe.

Literature:
[IFP, 1998], [Borschke, 1997], [Krieger, 1998]
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5.3.11 Environmental sound residue utilisation and disposal

For general aspects of waste management and options for material recycling and energy
recovery in paper mills refer also to Section 6.3.14.

The major sources of solid waste in RCF based paper mills are stock preparation, process water
clarification and wastewater treatment (refer also to 5.2.2.6). Two major types of processes have
to be distinguished:

In recovered paper processing paper mills without de-inking (e.g. testliner, wellenstoff, paper
board) coarse impurities from the pulper disposal system, rejects from various screening and
cleaning stages from the stock preparation plant, and sludge from wastewater treatment are the
major waste fractions. The generated rejects amount to about 4 to 10 %, related to the input of
raw material. Rejects from the stock preparation plant of brown packaging papers without de-
inking have only a limited material recycling potential because they consist of an undefined
mixture of non-paper components that are removed from the recovered paper. Commonly, these
rejects are dumped in landfill sites. However, due to their high heating value in the range of 22-
24 MJ/kg dry substance because of the high proportion of plastics, rejects are suitable for
energy recovery, replacing fossil fuels (see below).

Only for rejects from final cleaning and screening stages of the paper machine loop there is a
possibility for material recycling because they have a low content of plastics and other
impurities. Therefore, in some mills this waste fraction is collected and dewatered separately
and used as a co-substrate for composting of biowaste. Especially the current practice of
composting varies significantly between Member States. Whereas in some countries composting
of sludge from RCF paper mills is encouraged there are others (e.g. Germany) who discourage
or ban the composting of waste from paper production.

RCF paper mills with de-inking additionally produce high amounts of de-inking sludge and
often sludge from process water clarification. The generated rejects and sludge amount to about
15 to 40 %, related to the input of raw material. In DIP plants the de-inking sludge, containing
mainly short fibres, coatings, fillers and ink particles, is the crucial waste fraction to be handled.
Commonly, most of the sludge is still dumped in landfill sites. In a few countries land spreading
in agriculture or composting is practised whereas in other countries this option is discouraged or
banned. In bigger DIP plants de-inking sludge together with the sludge from wastewater
treatment can be incinerated. There exist different options for the energetic utilisation of rejects
and sludge containing organic material (plastics, fibres, and fines):

* incineration in an in-mill reject incineration plant (see example 1 and example 3 further
below. Example 1 applies for testliner and wellenstoff, whereas example 3 describes the
incineration of rejects and de-inking sludge from DIP plants)

* co-firing in an in-mill coal-fired power plant (see example 2 further below)

e co-firing in the cement industry (is not described here in detail because this option is
regulated in the framework of permits for cement kilns. Only some aspects are highlighted
in the following)

Rejects can be used as a substitute fuel in the cement industry replacing fossil fuels. Wastes that
are fed through the main burner, will be decomposed in the primary burning zone at
temperatures up to 2000°C. Inorganic components will be bound in the cement clinker. Waste
fed to a secondary burner, preheater or precalciner will be burnt at lower temperatures, which
not always is enough to oxidise the organic material completely. The rejects are normally fed at
the secondary firing stage at the entrance of the rotary kiln. Feeding rejects and sludge of paper
mills in the secondary burner runs a certain risk that emissions of unwanted hydrocarbons
(VOC, dioxins) occur. In this combustion zone temperature rises only slowly, which might
cause plastics to smoulder. Therefore, operators of cement kilns have to make sure that the use
of rejects from paper mills as substitutes for fossil fuels does not result in increased emissions of
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VOC or halogenated organic substances. Analyses and control of the composition of the
residues to be burned and the resulting emissions to air can avoid this risk. The suitability of
waste fractions from paper mills as substitutes for fossil fuels in the cement industry has to be
decided case by case. When incinerating the rejects from recovered paper processing mills, the
chlorine content of the fly ash can be a limiting factor for the further usage of the ash in case of
cement factory.

To obtain a high surface and good ignition behaviour, a pre-treatment of the rejects is necessary.
This comprises mainly primary crushing, screening and secondary crushing. Shredding and
screening can be combined, e.g. with a magnetic separator and an air separation, in order to
recover ferrous metals and to remove impurities that could damage the post-crushing
aggregates. Usually, the pre-treatment of rejects is not performed in the paper mills.

So far, no reject utilisation options mentioned above can be regarded as BAT in general. Reject
utilisation techniques differ from paper mill to paper mill, mostly depending on local conditions.
Because in the near future landfilling as today’s predominant disposal option will only be permitted
for inertisized waste or for waste with a low content of organic compounds, the development of
reject utilisation techniques represents a challenge for the European paper industry. Recovery
operations are considered as preferred waste treatment options. Possibilities to reduce the amount
of waste to be landfilled should be identified and ensured that they happen, where feasible.

Incineration combined with power and steam generation is regarded as an environmentally sound
solution. Different technical options for incineration of residues with energy recovery are realised
in European paper mills. Three of them are described below including a discussion about major
advantages and drawbacks.

Combustion of rejects from RCF mills without de-inking in an in-mill reject incineration plant
(example 1) is mainly depending on the size of the mill and the amount of rejects to be incinerated.
Co-firing of these rejects in in-mill coal-fired power plants (example 2) is a very recent technique
and its applicability depends on the type of fuel used for generation of heat. In this respect it is
regarded as a special case and cannot be regarded as a BAT in general either. In contrast,
incineration of rejects and sludge in DIP plants is more widely used today in European paper mills
and is considered as BAT, where feasible.

Example 1: Energetic utilisation of rejects from RCF mills without de-inking in reject
incineration plants

The description of this technique refer to "brown packaging papers" manufactured from
recovered papers. However, similar systems are applicable for other recovered paper processing
mills (see example 3).

Description of the technique: In most cases, rejects of recycled paper processing in paper mills
producing wellenstoff and testliner are disposed of by landfilling. Assuming a proportion of 4 —
10 % of the recovered paper input, the volume of the separated rejects is in many paper mills
not sufficient to operate economically a reject incineration plant. Therefore, in contrast to sludge
incineration (see example 3), stand-alone incineration plants for rejects from recovered paper
processing are installed in only a few modern large-scale paper mills with a high production
capacity. Since the early 90s an improved incineration technique has been in operation in a
German paper mill. The incineration plant employs multiple hearth combustion and is integrated
in the power plant of the mill. It is designed for a reject volume of 14000 tonnes per year. The
water content of the rejects is in the range of 45 — 50 %. After shredding and magnetic
separation of ferrous material, rejects are fed onto the top hearth, where drying is carried out by
upwards-directed hot flue gases. The transport of the rejects to the next hearths is done with the
aid of agitators. They transport the rejects through all burning zones, from top to bottom. Flue
gas from the furnace top is recycled into the combustion hearths and reheated there. At 800 —
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900 °C, the flue gas from the combustion hearths is completely burnt. A separate combustion
chamber is therefore unnecessary and the rejects are burnt economically.

The flue gas purification unit is equipped with a two-stage wet scrubber for removal of acidic
pollutants, mainly sulphur dioxide and hydrogen chloride. The liquid from the wet scrubbing
process is neutralised and treated with precipitation and flocculation agents to remove heavy
metals. The heavy metal containing sludge is disposed of in a landfill. For minimising dioxin
emissions, a mixture of activated carbon and zeolite is injected into the recycled flue gas stream.
The used adsorbents are landfilled. Reduction of NO, emissions is achieved by selective non-
catalytic reduction (SNCR) using ammonia, which is injected into the combustion chamber.
Solid particle emission is reduced by an electrostatic precipitator.

Applicability and characterisation: Because the energy content of rejects is used for in-mill
energy generation, the incineration of rejects has to be regarded as a process-integrated measure.

Reject incineration in stand-alone waste incineration plants is a rather recent technique that is
only used in a few large-scale greenfield or recently expended mills. In many European paper
mills, the volume of rejects produced in paper mills may not be sufficient to operate a waste
incineration plant under economical conditions. Thus, stand-alone plants are only feasible for
bigger mills.

The retrofitting in older paper mills is possible, but it is uncertain whether an incineration plant
including the necessary flue gas purification can be operated in an economical way. Taking into
account investment costs of about 20 MEuros for a 15000 tonnes/a incineration plant and the
fact that the specific costs for smaller plants increase, the economics are doubtful in the case of
small paper mills.

For that reason for instance in the province Gelderland, Netherlands, a group of mills operating
in a relatively short distance from each other are incinerating residues in a common used
fluidised boiler. The composition of the ash will be strictly controlled and used in the
construction building industry."!

Main Achievement Environmental Performance: Emission data of the reject incineration
plant described above are summarised in Table 5.27. The values shown are average figures for
1997.

Parameter Unit Measured values Limit values
(according to German standards)*

Solid particles mg/Nm? 3.2 10.0

SO, mg/Nm? 26.0 50.0

NO, mg/Nm? 195 200

CO mg/Nm? 14.1 50.0

HCI mg/Nm? 1.7 10.0

HF mg/Nm? 0.06 1.0

Total-C mg/Nm? 1.4 10.0

Cd, TI pg/Nm? <17.0 50.0

Hg png/Nm? 5 50.0

Sb, As, Cr, Co, Cu, Mn, | pg/Nm? 71.0 500

Ni, V, Sn

Dioxins/Furans ng I-TE/Nm? 0.097 0.1

Notes:

* According to the Seventeenth Ordinance on the Implementation of the Federal Immission Control Act
(Ordinance on Incinerators for Waste and similar Combustible Material), of 23 Nov 1990, values are
referred to standard temperature and pressure (0°C, 1 bar, dry) and to an oxygen content of 11 % per volume

Table 5.27: Emission data of reject incineration in a multiple hearth combustion plant compared to
German Legal Standards [IFP, 1998]

""" N.V. AVIRA and CDEM Holland BV, MER Thermische Conversie-installatie Duiven, 1997.
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Monitoring of emissions: Solid particles, SO,, NO, and CO are measured continuously, the
other parameters by individual sample analyses.

Cross media effects: Incineration of rejects save landfill capacities. The resulting ashes are
suitable for reutilization, e.g. for the use in road construction. Fossil fuels for energy generation
can be substituted. Emissions to air are released from the incinerator and have to be treated.
Achievable emissions can be found in Table 5.27 above. In contrast, potential emissions from
landfill gases are reduced. Wastewater is generated when wet scrubbers are used for waste gas
treatment.

Operational data: In 1997 the operational efficiency of the incineration plant concerned was
about 85 % and it operated satisfactorily. Maintenance and inspection did not exceed the
expected periods of time.

Economics: In 1991 investment costs totalled to about 20 MEuros. Specific operation costs are
not available. The total costs for incineration of 1 tonne rejects (50 — 60 % dry substance) were
around 100 Euros. These costs include capital and operation costs as well as savings of natural
gas, which is the energy source of the mill concerned.

Driving forces for implementing this technique: In the case of the reference plant, it was
obvious 10 years ago that landfill capacity near the paper mill would become inadequate,
resulting in increasing costs for landfilling.

Example plants: SCA Packaging Industriepapier GmbH, Aschaffenburg/Germany

Literature: not available

Example 2: Co-Incineration of rejects from RCF mills without de-inking in coal-fired
power plants including flue gas treatment

This technique applies strictly speaking only for RCF based mills manufacturing corrugating
medium. However, it may be worth to investigate case by case whether a similar system might
be applicable for other recovered paper processing mills.

Description of the Technique: Because of their inhomogeneous composition commonly rejects
from RCF mills without de-inking are dumped in landfill sites. However, due to their high
heating value in the range of 22 — 24 MJ/kg dry substance caused by the high proportion of
plastics, rejects are suitable for energy recovery, replacing fossil fuels (see also example 1).

Table 5.28 shows the composition of rejects as averages from 18 analyses performed in
different German paper mills producing wellenstoff and testliner.
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Compound Unit Value
Plastic weight-% 26.0
Fibres weight-% 27.0
Glass and stones weight-% 0.1
Metals weight-% 0.9
Other organic material weight-% 1.0
Water weight-% 45.0
Heating value (100 % dry substance) MJ/kg 23.8
Heating value (55 % dry substance) Ml/kg 12.0
Chlorine content of plastic fraction weight-% 5.5
Chlorine content of rejects weight-% 1.4

Table 5.28: Composition of rejects from manufacturing of testliner and wellenstoff
[IFP, 1998]

In paper mills firing solid fuels such as brown coal or hard coal in their power plants, the co-
incineration of rejects is feasible. The installation of a drying and gasification chamber
connected with the combustion chamber of the power plant is necessary. In the drying and
gasification chamber the rejects are gasified by oxidation of the carbon-containing material with
air. The gases generated during gasification are after-burned in the combustion chamber of the
power plant. Proper combustion conditions (>850°C and an oxygen level >6 %) have to be
ensured to avoid problems with VOC and soot. As a control parameter CO can be monitored
(<50 mg/Nm?®).

Before drying and gasification, the rejects require the following treatment: In a first step, a
classification in a drum screen is performed. Rejects with a size of more than 50 mm are
shredded. Ferrous material is then removed by magnetic separation. A travelling grate is used
for feeding rejects to the drying and gasification chamber. A simplified scheme of the described
technique is shown in Figure 5.17.
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Figure 5.17: Simplified scheme for co-incineration of rejects in a brown coal fired power plant
[IFP, 1998]

Applicability and characterisation: Because the energy content of rejects is used for in-mill
energy generation, co-incineration of rejects must be regarded as a process-integrated measure.
In principal all existing power plants fired with solid fuels (brown coal, hard coal) should be
suitable for co-incineration of rejects. However, most of the large-scale European producers of
Wellenstoff and Testliner use natural gas as fuel for their power plants. Therefore, co-
incineration of rejects is restricted to small and often older mills.

Main achieved environmental performance: Co-incineration of rejects in existing power
plants requires additional measures for flue gas purification. Normally, this flue gas treatment
has to meet stringent requirements. To remove HCI that is caused by the high chlorine content
of the rejects, pulverised dry slaked lime (calcium hydroxide) is injected into the flue gas
stream. By injection of dry lime in the right temperature zone HCL, HF, and SO, can be
minimised. Generally achievable emissions levels are HCI < 30 mg/Nm?, HF < 5 mg/Nm?, and
SO, < 200 mg/Nm?. Lower values are possible depending on the adsorbent dosage. The waste
gases are subsequently treated in a an electrostatic precipitator and additionally in a fabric filter.
The solid particle concentration in the purified flue gas will not exceed 10 mg/m?3. The removal
of dioxins from flue gas is achieved with activated carbon or coke. Generally achievable
emission levels are dioxins/furans < 0.1 ng I-TEQ/Nm?*. Lower values are possible, depending
on the dosage of activated carbon. The waste gas is subsequently treated in the dedusting
facility mentioned above. Due to the fact that existing co-incineration plants were started only
recently (1997), no reliable data are available.

Monitoring of emissions: The concentration of HCI, solid particles and O, in the purified flue
gas is measured continuously.
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Cross Media Effects: Co-incineration of rejects is considered to have a positive balance
concerning achieved environmental performance compared to landfilling. When using rejects
for energy generation, fossil fuels can be substituted. 1 tonne rejects with a water content of
about 45 % replaces about 0.7 tonne brown coal. Because the proportion of CO,-neutral fibres
in the rejects is in the range of 50 % related to solid substances, the resulting fossil CO,
emission will be decreased. Co-incineration of rejects is an effective method to minimise waste
normally disposed of by landfilling. In this case, the resulting ashes are suitable for reutilization,
e.g. in recultivation of brown coal mines. In other cases, dust, particle bound heavy metals and
the above mentioned adsorbents are collected and have to be disposed of.

Operational data: Co-incineration of rejects is a very recent technique. Start-up of drying and
gasification chambers took place at the end of 1997. Therefore, it is not possible to give
sufficient information practices and availability of the incineration plants.

Economics: Investment costs for a co-incineration plant including facilities for reject pre-
treatment, drying and the gasification chamber for a reject volume of maximum 3 tonnes/h are
in the range of about 2.5 MEuros. Assuming costs for landfilling of 50 Euros/t, there results an
annual saving of 0.6 MEuros. The substitution of brown coal saves 0.3 MEuros/a. Costs for
maintenance cannot be specified at this time. The costs for depreciation and interest are not
taken into account because they are not available.

Driving forces for implementing this technique: Depending on the location of paper mills,
costs for landfilling could be very high at present time and will further increase in future. The
two mills applying co-incineration of rejects in coal-fired power plants are operating in
Germany. Bearing in mind that after 2005 in Germany it will not be allowed to dispose of waste
with a content of organic material higher than 5 % on landfill sites, it is clear that the
implementing of this technique is an investment for the future.

Example plants: Ziilpich Papier-Recycled Paper Europe, Ziilpich/Germany
Schollershammer Industriepapier, Diiren/Germany

Literature: not available

Example 3: Incineration of residues (rejects and sludges) from DIP-plants combined with
power and steam generation

Differing from example 1 and 2, the example given below refers to DIP plants or those using a
mixture of de-inked pulp (DIP) and mechanical pulp.

Description of the technique: Incineration of different kinds of sludge and rejects is widely
used today in the pulp and paper industry including rejects, deinking sludge, sludge from
wastewater treatment etc. The following two options for incineration of rejects and sludge are
available:

= Co-combustion with bark in bark boilers (only for paper mills using a mixture of raw
materials as e.g. a mixture of de-inked pulp and mechanical pulp where debarking is
applied): For co-combustion, particularly of rather low dry solid sludges, the fluidised bed
boiler is presently predominant for new installations. This can be run with 100 % sludge,
although the use of a support fuel, such as natural gas, coal or oil is common. The need for
the support fuel depends on the sludge dry solids and ash content. Generally, at least 35-40
% dry solid content is required for self-supporting combustion (see Figure 6.19)
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= Separate sludge incineration

To be suitable for burning in a boiler, the sludge from recovered paper production has to be first
dewatered (see Section 5.3.10). The dewatering filtrates shall be treated in the mill’s WWTP.
Currently some mills handle and reuse the predewatering filtrate after microflotation in the
pulping process.

De-inking s/udge from the flotation cells can be burned without pre-treatment after being de-

watered. Dewatered excess sludge from the biological wastewater treatment can be added but

has only a small share of the whole sludge volume (around 5 %). To ensure high temperature (>

850°C) normally gas or bark is also burned in the solid fuel boiler (fluidised boiler). There are

mills that burn the sludge only, whereas others burn all residues including rejects or bark.

In case that DIP rejects are also incinerated they have to be processed first to be suitable for

burning in a fluidised bed boiler, (see also example 2, Figure 5.17). The main purpose of pre-

treatment of the rejects from a deinking plant is to separate the incombustibles and crush the

fuel particles to proper size to obtain a high surface and a good ignition behaviour. After

primary crushing and screening, the combustibles shall be led to the fuel bin of the boiler. The

remaining rejects shall be separated into iron rejects and other incombustible rejects.

The pre-treatment of these rejects may consist of the following stages:

*  Prescreening I in order to separate large iron particles

e Primary crushing that will reduce the particles to a suitable size for the following screening
stages

*  Prescreening 2 that will remove the rest of the iron

* Screening that will separate the incombustibles (metals, stones, glass etc.)

e Secondary crushing that will cut plastic ribbons, strips and ropes that may have passed the
primary crushing.

Applicability and characterisation of the measure: Incineration of residues (rejects and
sludge) combined with power and steam generation can be applied in most new and existing
mills. However, the applicability depends on the type and capacity of boiler in each case. For
instance, small mills cannot apply this technology. They have often only very simple oil or gas
boilers with limited capacity or technical feasibility to burn solid materials. The higher chlorine
content of the rejects needs special attention (corrosion, waste gas treatment).

When applied, fluidised bed boilers are generally more appropriate and can be retrofitted with
less additional costs than grate fired boilers. On the operating point of view the fluidised bed
boilers have many benefits, among others lower sensitivity to fuel quality or quantity variations
and in most cases lower emissions, over the grate fired units.

Main achieved environmental performance: The main achievement is the reduction of the
amount of material to be landfilled by about 80-90 %. Additionally a change in quality is
achieved i.e. the organic materials are nearly completely eliminated. For the final disposal or
use of the ashes there are different options depending on the ash qualities achieved. In same
cases ash will be landfilled, others use them in building industry or other add-value purposes.

Emission data of incineration plant for de-inking sludge and sludge from biological wastewater
treatment are summarised in Table 5.29. The values shown are average figures for 1998.
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Parameter Unit Measured values Limit value Installed emission abatement techniques
in 1998 * daily average*
Dust mg/Nm? 4.8 10.0 - Use of bag filters (teflon)
SO, mg/Nm? 1.1 50.0 - S-content in the sludge is very low
NO, mg/Nm3 185 200 - SNCR (injection of ammonia)
CO mg/Nm? 16.3 50.0 - fluidised bed ensures good combustion
HCI mg/Nm? 3.5 10.0 - injection of an adsorbent (mixture of
calcium and activated carbon) before the
bag filters
Total-C mg/Nm? 1.1 10.0
Note:
* The measured values and the emission limits are referred to an oxygen content of 11 % per
volume. Heavy metals and dioxins are well below the limit values. They are measured
periodically.

Table 5.29: Emission data of de-inking sludge (+ about 5% excess sludge) incineration in a fluidised
bed combustion plant in Germany compared to German Legal Standards [1998 Simplified
Environmental Statement, Sachsen mill]

Energy recovery may be a secondary target to apply this technique. After dewatering there is a
slight positive energy balance in the range of 4-5 MJ/t referred to incineration of dewatered
sludge (at 58% dry solids). However, for some paper mills applying wash de-inking (e.g. RCF
tissue mills) sludge incineration result in a net consumption of energy. This is typically due to
high ash content and thus lowered energy value of sludge.

Cross-media effect: Emissions to air are released from the incinerator and have to be treated.
Achievable emissions can be found in Table 5.29 above. In contrast, potential emissions from
the landfill gases are reduced. Normally, the purification of waste gas from incinerators
generates a certain amount of waste that has to be disposed of. In case of wet waste gas
treatment wastewater is generated.

Operational experience: The incineration of sludge combined with power and steam
generation is used in many modern mills. However, the incineration of rejects is much more
difficult and involves potential emission and corrosion problems. The possibilities in practise
are dependent on the capacity and type of the boiler. Technology can be applied in a limited
extent in smaller paper mills.

The devolatilized chlorine from fluidised bed combustion will, besides as HCI, also be as
potassium chloride (KCl) and sodium chloride (NaCl). These substances are known to condense
on the tube surface with a tendency to increase the possibility for molten phase corrosion. This
type of corrosion can be encountered in superheaters when the steam temperatures are above
500°C.

Economics: Investment costs for a new sludge and reject incinerator are about 7-9 MEuros and
operating costs 0.7 - 0.9 MEuros/a corresponding a pulp production of 700 ADt/d.

Driving force for implementing the technique: The area required for landfilling can be
significantly reduced by incineration of residues depending on the organic content of the
materials to be burned. In many Member States the landfilling of waste with high organic
content is discouraged.

Reference plant: Some DIP plants in Europe for newsprint and tissue have installed fluidised
bed incineration systems as e.g. Sachsen Papier Eilenburg, newsprint (DE), Tela Papierfabrik
AG, tissue (CH), Haindl Papier Schwedt, newsprint (DE), WEPA Giershagen, tissue (DE).

Literature:
[CEPI, 1998b], [Finnish BAT Report, 1997], [StoraEnso, 1999]
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5.4 Best Available Techniques

5.4.1 Introduction

In understanding this chapter and its contents, the attention of the reader is drawn back to the
preface of this document and in particular the fifth section of the preface: “How to understand
and use this document”. The techniques and associated emission and/or consumption levels, or
ranges of levels, presented in this chapter have been assessed through an iterative process
involving the following steps:

* identification of the key environmental issues for the sector; for integrated RCF processing
paper mills the major concerns are water use, wastewater discharge (COD, BOD, suspended
solids, N, P, AOX), energy consumption (steam and electricity), solid waste such as rejects,
sludge and ash, air emissions from energy generation (SO,, NO,, CO,, dust), noise, waste
heat to water and sometimes odour; the latter three stand for local impacts;

e examination of the techniques most relevant to address those key issues;

e identification of the best environmental performance levels, on the basis of the available
data in the European Union and world-wide;

¢ examination of the conditions under which these performance levels were achieved; such as
costs, cross-media effects, main driving forces involved in implementation of this
techniques;

e selection of the best available techniques (BAT) and the associated emission and/or
consumption levels for this sector in a general sense all according to Article 2(11) and
Annex 1V of the Directive.

Expert judgement by the European IPPC Bureau and the relevant Technical Working Group
(TWG) has played a key role in each of these steps and in the way in which the information is
presented here.

On the basis of this assessment, techniques, and as far as possible emission and consumption
levels associated with the use of BAT, are presented in this chapter that are considered to be
appropriate to the sector as a whole and in many cases reflect current performance of some
installations within the sector. Where emission or consumption levels “associated with best
available techniques” are presented, this is to be understood as meaning that those levels
represent the environmental performance that could be anticipated as a result of the application,
in this sector, of the techniques described, bearing in mind the balance of costs and advantages
inherent within the definition of BAT. However, they are neither emission nor consumption
limit values and should not be understood as such. In some cases it may be technically possible
to achieve better emission or consumption levels but due to the costs involved or cross media
considerations, they are not considered to be appropriate as BAT for the sector as a whole.
However, such levels may be considered to be justified in more specific cases where there are
special driving forces.

The emission and consumption levels associated with the use of BAT have to be seen together
with any specified reference conditions (e.g. averaging periods).

The concept of “levels associated with BAT” described above is to be distinguished from the
term “achievable level” used elsewhere in this document. Where a level is described as
“achievable” using a particular technique or combination of techniques, this should be
understood to mean that the level may be expected to be achieved over a substantial period of
time in a well maintained and operated installation or process using those techniques.

Where available, data concerning costs have been given together with the description of the
techniques presented in the previous chapter. These give a rough indication about the
magnitude of costs involved. However, the actual cost of applying a technique will depend
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strongly on the specific situation regarding, for example, taxes, fees, and the technical
characteristics of the installation concerned. It is not possible to evaluate such site-specific
factors fully in this document. In the absence of data concerning costs, conclusions on
economic viability of techniques are drawn from observations on existing installations.

It is intended that the general BAT in this chapter are a reference point against which to judge
the current performance of an existing installation or to judge a proposal for a new installation.
In this way they will assist in the determination of appropriate "BAT-based" conditions for the
installation or in the establishment of general binding rules under Article 9(8). It is foreseen
that new installations can be designed to perform at or even better than the general BAT levels
presented here. It is also considered that existing installations could move towards the general
BAT levels or do better, subject to the technical and economic applicability of the techniques in
each case.

While the BREFs do not set legally binding standards, they are meant to give information for
the guidance of industry, Member States and the public on achievable emission and
consumption levels when using specified techniques. The appropriate limit values for any
specific case will need to be determined taking into account the objectives of the IPPC Directive
and the local considerations.

Manufacture of paper from recovered paper is not a single process but a series of unit processes,
often linked and inter-dependent. Therefore, it is always a suitable combination of techniques
that constitutes BAT for a RCF processing paper mill. The order of priority and the selection of
the techniques or combinations of techniques depend on the local circumstances.

Best available techniques given below are, if not stated otherwise, applicable to new and
existing plants. In paper mills, the applicability of a technique is less driven by the fact whether
a mill is new or existing. Paper mills are characterised by the fact that machinery is rebuilt
rather than replaced whole-scale. The modular rebuilding and development of plants means that
each site is a unique product of its location and history. On the other hand, papermaking is a
series of unit processes, which are common in all countries.

Criteria to be considered in the determination of BAT in the specific cases are rather that
specific costs for smaller mills are relatively higher (economies of scale). Other factors to
consider are limitations of space, which some older mills might face, or unsuitable material or
lay out of older equipment, which does not fit for a higher degree of water closure. More water
system closure usually is combined with higher complexity of the system that needs to be
monitored, controlled and understood. Smaller mills might sometimes not have the knowledge
available which would be necessary to run and control more complex process solutions most
efficiently.

5.4.2 BAT for recovered paper processing paper mills

For recovered paper processing mills the following techniques are considered as BAT. The
following list of BAT is not considered exhaustive and any other technique or combination of
techniques achieving the same (or better) performance can also be considered; such techniques
may be under development or an emerging technique or already available but not described in
this document. For integrated recovered paper mills it is refer to Section 6.4 where further
details on BAT for papermaking is given. If not stated otherwise, the data refer to yearly
average values.
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General measures

1. Training, education and motivation of staff and operators. Paper mills are operated by
people. Therefore, training of staff can be a very cost-effective way of reducing water
consumption and discharges of harmful substances as for instance accidental releases of
chemicals.

2. Process control optimisation. To be able to reduce different pollutants simultaneously and to
maintain low emissions, improved process control and measurement are required.

3. To maintain the efficiency of the technical units of paper mills and the associated abatement
techniques at a high level, sufficient maintenance has to be ensured.

4. Environmental management system which clearly defines the responsibilities for
environmentally relevant aspects in a mill. It raises awareness and includes goals and
measures, process and job instructions, check lists and other relevant documentation.

Measures for reducing emissions to water

Reduction of fresh water consumption and thus wastewater flows can be achieved by

application of a combination of different techniques such as:

1. Separation of less contaminated water from contaminated one and recycling of process
water. Separation and reuse of clean cooling waters and recycling of sealing and process
water from pumps for vacuum generation are ways to reduce fresh water consumption.

2. Optimal water management (water loop arrangement), water clarification by sedimentation,
flotation or filtration techniques and recycling of process water for different purposes

3. Reduction of fresh water consumption by strict separation of water loops and counter-current
flows

4. Generation of clarified water for de-inking plants (flotation)

Water pollution abatement is strongly related to recovery and recycling of process water in
order to reduce fresh water consumption. Increased process water closure will result in smaller
and more concentrated discharges, which in general can be treated more efficiently. Decrease of
process water flows will also increase the applicability of advanced technologies. Therefore,
reduction of the intake of fresh water can result in decreasing discharges to surface waters. The
intake of fresh water is mainly determined by product requirements, paper grades and the design
of the water system of the paper mill (condition of the mill). The water consumption is
dependent on the amount of water required for showers. Furthermore, amount of fresh water
consumption depends on the knowledge about water management and the motivation of the
whole staff to support the vision of running a paper mill using as less water as necessary. Excess
white water and other polluted process water is purged from the system and is treated
biologically.

5. Installation of an equalisation basin and primary treatment.

These measures are applied at nearly all paper mills and are rather considered as good
practice. They are a pre-requisite for well and stable performing biological wastewater
treatment plants. For RCF processing paper mills they are not considered as BAT as a stand-
alone technique.

6. Aerobic biological treatment. This is the preferable option for de-inked grades and
depending on the conditions also for non-de-inked grades. There are a lot of different
treatment options available that achieve good results in reducing the organic load to the
recipients. The choice of the treatment option is mainly governed by the initial concentration,
the wastewater characteristics and the removal efficiency to be achieved. Proper design and
maintenance of the treatment plant is a prerequisite for good performing biological systems.
Dependent on the initial concentration and the treatment system chosen, pollution load
removal efficiencies associated with BAT are the one presented in Section 6.3.10 and 5.3.6.
Common treatment of wastewater from a paper mill or a consortium of paper mills in the
municipal biological wastewater treatment plant is also considered as BAT when comparable
removal efficiencies are achieved by this common treatment.
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7.

Combined anaerobic and aerobic biological treatment. This is the preferable option for non-
deinked grades. They have usually to treat higher polluted wastewater either because of
higher degree of water circuit closure and/or larger amounts of organic substances dissolved
in the stock preparation. There are a few good experiences for anaerobic treatment of
wastewater from DIP plants also. Anaerobic treatment is never used as stand-alone
biological treatment but is always followed by aerobic treatment. Compared to aerobic
treatment only the combined treatment generates significantly less excess sludge (see
measures for reducing solid waste further below).

. Partial recycling of treated water after biological treatment. The possible degree of water

recycling is depending on the specific paper grades produced. For non-deinked paper grades
this measure is considered BAT. However, the advantages and drawbacks need to be
carefully investigated and will usually require additional polishing (tertiary treatment)

. Treating internal water circuits.

This includes techniques which should be considered when equipment has to be replaced or
in areas where stricter environmental requirements have to be met. Usually only partial
streams of the whole water will be treated having specific substances to be reduced.
Although closed water loops with in-line biological treatment of process water is running at
a few full-scale applications in Europe for non-deinked grades it is not yet considered as
BAT. This is because problems caused by precipitation of calcium carbonate in pipes and the
aeration basin of the activated sludge plant are still waiting for a satisfying technical
solution.

It is difficult to present reliable figures on wastewater loads before biological treatment because
it is rare that those emissions are reported transparently. For instance, it is often not clear which
process-integrated techniques are applied to achieve reported emission levels with primary
treatment only. Emissions to water before treatment depend to a large extent on the quality of
raw materials used (recovered paper, chemical additives) and process lay out (consistency,
temperature, alkaline treatment, and water loop design). The mills are not considered to
represent BAT but stand for some real-world examples that might give an indication of releases
to water when no biological treatment is applied. Consequently, the values in Table 5.30 all
refer to water discharges with primary treatment only.
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Examples of

Reported achieved emission

Production '97

Remarks

RCF paper mills levels after primary treatment [Adt/a]
only
De-inking mills * |COD [kg/t] BODs Flow *
[kg/t] [m’/t]
Haindl Papier 20.2 10.1 ** 8.2 500000 newsprint, | data for 1997, 84% DIP, 16%
Schongau, DE (2500 mg/1) 40000 SC paper, T™P
47000 DIP
Haindl Papier 23.0 11.5 ** 15.2 250000 newsprint | data for 1997, 100% DIP
(Schwedt), DE (1500 mg/1)
Lang Papier 15.9 7.9 ** 7.7 129000 newsprint, | data for 1997, 88% DIP,
Ettringen, DE (2100 mg/1) 123000 SC paper, | 12 % GW pulp
5100 DIP
Sachsen Papier 18.1 9 ** 114 284000 newsprint, | data for 1997, 100% DIP, 1998:
Eilenburg, DE (1600 mg/1) 47000 DIP 10 m/t, 13 kg COD/t
Mill 1, RCF tissue, 47 23.5 ** 10 n./a. Lower quality recovered paper
DE grades as raw material
Mill 2, RCF tissue, 20 10 ** 10 n./a. Medium quality recovered paper
DE grades as raw material
Mill 3, RCF tissue, 37 18.5%%* 11 n./a. Medium quality recovered paper
DE grades as raw material
Mill 4, RCF tissue, 17.8 gk 17 n./a. Higher quality recovered paper
DE grades as raw material
Without de-inking
COD value from 20-30 10-15%* 0-5 n./a. No data from real world
[Dutch note on BAT, (estimated examples available
1996] value)
Notes: n./a. = no information available

*  The data for the DIP plants are taken from [Pfitzner, 1999]; data for the RCF tissue mills are taken from [Zippel, 1999]

** The BOD:s value is estimated assuming that COD = 2*¥*BODs
It adds no value to give value for nitrogen and phosphorus before biological treatment because N and P is added to the
paper mill wastewater in order to feed the biomass of the biological wastewater treatment plant

Table 5.30: Examples of yearly average emission levels to water after primary treatment only of

some integrated RCF paper mills with and without de-inking

The list of mills is a selection of mills where data were available and is therefore not intended to be

complete

Because of a lack of transparency whether or not (and too which extent) the mills without
biological treatment have applied BAT no emission levels associated with the use of BAT with

only primary treatment are proposed.

Table 5.31 shows achievable emission levels of some integrated RCF paper mills in Europe. It
can be assumed that they have applied a suitable combination of BAT, but not necessarily all,

and biological wastewater treatment as well.
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Examples of RCF Reported achieved emission levels Type of
processing paper after biological treatment treatment
mills
De-inking mills COD BODs tot-P TSS Flow Production
[m’/t] '97 [Adt/a]
Mill 1, newsprint, DE 300 mg/1 10 mg/1 0.4 mg/1 14 mg/l 7 100000 Activated sludge
(2.1 kg/t) |(0.07 kg/t) (0.09 kg/t)
Mill 1, newsprint, DE 335 mg/l 19 mg/l 0.4 mg/1 n./a. 15 233000 Activated sludge
(5 kg/t) (0.3 kg/t) (data: 1996)
Sachsen Papier, 200 mg/1 4 mg/l 0.3 mg/l n./a. 10 355000 Trickling filter +
newsprint, DE (2 kg/t)  [(0.04 kg/t) (data: 1998)| activated sludge
Mill 4, RCF tissue, DE 100 mg/l 10 mg/l n./a. n./a. 9 64000 Activated sludge
(0.9 kg/t) [(0.09 kg/t)
Without de-inking
Fiskeby board mill, SE 90 mg/1 5 mg/l 0.1 mg/l 5 mg/l n./a. 123000 High load submersed
biofilm (Kaldnes) +
activated sludge
Industriewater Eerbeck, 85 mg/l 5 mg/l 04 mg/l 9 mg/l n./a. 450000 Anaerobic/aerobic
(Consortium of 3 RCF (15% DIP, | (activated sludge)
processing mills), NL 5% GWP
Mill 1, (mostly 94 mg/l 4 mg/l 0.6 mg/l 17 mg/l 9 120000 Anaerobic/aerobic
corrugating medium + | (0.9 kg/t) (0.04 kg/t) corrugating | (activated sludge)
less special paper, DE paper
Mill 2, Fine board, DE | 65 mg/l 5 mg/l 0.65 mg/l n./a. 5 650000 Trickling filter +
(0.32 kg/t) | 0.02 kg/t) activated sludge
Mill 3, corrugating 168 mg/1 9 mg/l 1 mg/l 25 mg/l 7 38000 01-8/97: Activated
medium, DE (1.1 kg/t) 0.06 kg/t) sludge; then:
Anaerobic/aerobic tr.
Mill 4, corrugating 140 mg/1 5 mg/l 0.9 mg/l 4 mg/l 4.2 300000 Anaerobic/aerobic
medium, DE (0.6 kg/t) [(0.02 kg/t) (activated sludge)
Mill 5, corrugating 0 0 0 0 0 40000 in-line (zero effluent)
medium, DE anaerobic/aerobic
Mill 5, white testliner 90 mg/1 13 mg/l 1.1 mg/l n./a. 7 120000, Anaerobic/aerobic
8]; Efolding box boards, | (.6 kg/t) (0.09 kg/t) data: 1998 | (activated sludge)

Table 5.31: Examples of achieved annual average emissions to water after biological treatment of
some RCF processing paper mills in Europe (reference year: mostly 1997)

The list of mills is a selection of mills where data were available or provided and is therefore not
intended to be complete. The data are derived from TWG members and from personel
communication. The method of analysis is the one used in the repective country. In Sweden the
values for BOD are given as BOD,

Assuming adequate design and capacity of the wastewater treatment plant and appropriate
operation and control by skilled operators, emission levels associated with a combination of
BAT are considered to be those given in table below. The effluent loads include pulping,
bleaching, for de-inked grades, and papermaking.

In spite of the huge number of different kinds of paper products manufactured from recovered
paper it can be stated that paper mills that have implemented BAT achieve relatively similar
emissions to water. Therefore, as regards the discharges after suitable wastewater treatment
from the various paper production categories, further significant differences between paper
grades were not identified.
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Parameter Units Without With de-inking' | RCF based tissue
de-inking*

BOD; kg/t of paper | <0.05-0.15° <0.05-0.2° <0.05-0.5°
COD kg/t of paper 0.5-1.5 2.0-4.0 2.0-4.0
TSS kg/t of paper 0.05-0.15 0.1-0.3 0.1-0.4
AOX kg/t of paper <0.005 <0.005 <0.005
Total P kg/t of paper | 0.002-0.005 2 0.005-0.01 2 0.005-0.015 2
Total N kg/t of paper 0.02-0.05 2 0.05-0.12 0.05-0.25 2
Wastewater Amount | m’/t of paper <7 8-15 8-25°
Explanatory notes:

1) A mixture of other fibre types (such as GWP, TMP or CTMP) might be used as different shares ranging from 0-
30 % of the fibre furnish

2) Emissions of N and P depend on the optimised dosage of these nutrients to the biological wastewater treatment
plant. To achieve low emissions a certain fine-tuning of the added nutrient feed is required

3) For tissue production there is a number of factors that might lead to somewhat higher specific water consumption:
lower basic weights of paper produced (down to 12 g/m?), higher cleanliness of the product, frequent changes of]
grade or colours, lower speeds of the paper machines, and the use of processes that need higher amounts of high
pressure showers. Therefore, for tissue a process water demand of 8 — 25 m’/t is regarded as BAT.

4) Coated cartonboard manufacturing requires some more water than e.g. testliner, wellenstoff or uncoated
cartonboard production (7-15 m*/t). Therefore, the upper end of the emission range associated with BAT is valid
for coated cartonboard.

5)  The lower end of the BOD emission range indicates an almost complete removal of biodegradable organic matter.
It should be understood as such and not be taken as a precise figure.

Table 5.32: Yearly average emission and consumption levels associated with the use of BAT for
integrated RCF processing (> 50% RCF) paper mills with (e.g. newsprint, copy paper, folding
boxboard in a few cases) and without de-inking (e.g. white topliner/testliner/wellenstoff/fluting
mills)

The emission data refer to integrated RCF processing paper mills. However, there are an
increasing number of mills in Europe that use different kinds of fibre furnish. A part of the
furnish might consist of recovered fibres, a part is provided by mechanical pulp production on
site, another part might consist of purchased chemical pulp. BAT emission levels for this kind
of mills are presented in Sections 4.4 and 6.4.

Emissions to water are presented only for three different groups: paper grades without de-
inking; de-inked grades and RCF based tissue mills. Concerning emissions to water the
differences between different types of paper are not very significant. For instance, RCF
processing mills manufacturing printing and writing paper can achieve similar ranges of
emissions as RCF based newsprint mills.

In Europe, within the non-de-inked group the biggest group comprises mills manufacturing case
making materials (testliner, wellenstoff, and fluting). Other mills are producing carton board
based and folding box board from recovered paper. The latter use different recovered paper
qualities and stock preparation processes for the different layers of the multi-layer board. Some
mills use to a certain extent purchased bleached kraft pulp. Some layers might co