
A Life Cycle Assessment
of the production
of a daily newspaper and
a weekly magazine
Short version of the study, 1998

A project of
AXEL SPRINGER VERLAG AG (publishing and printing)
STORA (forest, pulp, paper)
CANFOR (forest, pulp)

Scientific consultant: INFRAS, Zürich



Contacts
Stora

Klaus Krokowski, Leiter Umweltschutz
Gladbacher Straße 189
D-41747 Viersen
Tel. ++49 2162 937906
Fax ++49 2162 937999
e-mail: klaus.krokowski@stora.se

Jan Bresky , Research Manager Environment
Södra Mariegatan 18
S-79180 Falun
Tel. ++46 23 788202
Fax ++46 23 788282
e-mail: j.bresky@tkf.stora.se

Börje Pettersson, FD, Naturvord, Stora Skog
S-79180 Falun
Tel. ++46 23 80547
Fax ++46 23 80677
e-mail: borje.pettersson@stora.se

Canfor Pulp and Paper Marketing

Mike Bradley, Director Technology
2900-1055 Dunsmuir St.
PO Box 49420 Bentall Post Stn.
Vancouver BC Canada V7X1B5
Tel. ++1 604 6615264
Fax ++1 604 6615226
e-mail: mbradley@mail.canfor.ca

Axel Springer Verlag AG

Herbert Woodtli, Leiter Zentrales Beschaffungswesen
Axel Springer Platz 1
D-20355 Hamburg
Tel. ++49 40 34723276
Fax ++49 40 34726338

Florian Nehm, Referat Umwelt
Axel Springer Platz 1
D-20355 Hamburg
Tel. ++49 40 34726157
Fax ++49 40 34726130
e-mail: umwelt@asv.de

INFRAS AG

Daniel Peter, Projektmanager LCA
Gerechtigkeitsgasse 20



I n h a l t i i i

CH-8002 Zürich
Tel. ++41 1 2059522
Fax ++41 1 2059599
e-mail: dpeter@infras.ch





C o n t e n t i

Content

1. Present situation, objectives and overview of results ............................................. 1

1.1. The purpose of the project ...................................................................................... 1

1.2. Experts from four countries and five sectors ......................................................... 1

1.3. The objectives of this study .................................................................................... 1

1.4. The critical review.................................................................................................... 1

1.5. Overview of the results ........................................................................................... 1

2. Balancing product life cycles........................................................................................ 1

2.1. Creating an LCA ..................................................................................................... 1

2.2. A life cycle with its stages....................................................................................... 1

2.3. Structure of the study............................................................................................. 1
2.3.1. Analysis of a real paper cycle .................................................................... 1
2.3.2. Which elements were included and which were excluded ........................ 1
2.3.3. Differences between daily newspapers and weekly magazines................ 1
2.3.4. The evaluation methods used in this study .............................................. 1

3. Where and how do impacts occur on the environment .......................................... 1

3.1. An overview of the emission sources...................................................................... 1

3.2. Environmental impact of forest utilisation ............................................................ 1

3.3. Environmental impact of fibre manufacture.......................................................... 1

3.4. Environmental impact of the manufacture of printing paper............................... 1

3.5. Environmental impact of the manufacture of printed products........................... 1

4. The conclusion of this study: the paper cycle is challenged
in five strategic sectors ................................................................................................. 1

4.1. Strategic field - forest use:  Seeking a unit for sustainability................................ 1
4.1.1. Conclusions................................................................................................. 1
4.1.2. Present situation......................................................................................... 1
4.1.3. The „Forestry Impact Indicator“-method of forestry evaluation

proposed by Bradley/Peter ........................................................................ 1
4.1.4. The Forestry Impact Indicator method in a practical test ........................ 1

4.2. Strategic field - energy: optimisation in a deregulated market ............................. 1
4.2.1. Conclusion .................................................................................................. 1
4.2.2. Present situation......................................................................................... 1



i i  C o n t e n t

4.2.3. The primary energy determines the environmental impact of an
energy mix ................................................................................................... 1

4.2.4. Effect of the energy mix illustrated by fibre production........................... 1
4.2.5. The ecological product profile with freely selectable energy

sources ......................................................................................................... 1

4.3. Strategic field - climate: a good starting point for printed products.................... 1
4.3.1. Conclusions................................................................................................. 1
4.3.2. Present situation......................................................................................... 1
4.3.3. The CO2 balance illustrated by a newspaper ............................................ 1
4.3.4. The CO2 balance illustrated by a magazine .............................................. 1
4.3.5. The economic potential of CO2 sinks......................................................... 1

4.4. Strategic field - water: Seeking differentiated indicators ....................................... 1
4.4.1. Conclusions................................................................................................. 1
4.4.2. Present situation......................................................................................... 1
4.4.3. The "AOX" sum parameter used hitherto is  too undifferentiated ........... 1
4.4.4. Evaluation of modern installations with the aid of a differentiated

AOX evaluation factor................................................................................ 1

4.5. Strategic field - waste paper:  Methods for the ecological evaluation of
fresh and recycled fibres ......................................................................................... 1

4.5.1. Conclusions................................................................................................. 1
4.5.2. Present situation......................................................................................... 1
4.5.3. The allocation problem illustrated by a plate............................................ 1
4.5.4. Cut off and quasi co-product allocation of paper fibres .......................... 1
4.5.5. Allocation variants for a newspaper or magazine .................................... 1

5. Information on the production sites........................................................................... 1

5.1. Stora......................................................................................................................... 1
5.1.1. Hylte............................................................................................................ 1
5.1.2. Kvarnsveden ............................................................................................... 1
5.1.3. Norrsundet.................................................................................................. 1
5.1.4. Reisholz ....................................................................................................... 1
5.1.5. Kabel ........................................................................................................... 1

5.2. Canfor Pulp and Paper Marketing ......................................................................... 1
5.2.1. Prince George Pulp and Paper Mills, BC, Canada, Intercontinental

Pulp Mill ...................................................................................................... 1

5.3. Axel Springer Verlag AG......................................................................................... 1
5.3.1. Ahrensburg ................................................................................................. 1
5.3.2. Berlin-Spandau........................................................................................... 1
5.3.3. Darmstadt .................................................................................................. 1



C o n t e n t i i i

5.3.4. Essen-Kettwig............................................................................................. 1

6. Reference to other publications within this project ................................................. 1

7. Contacts............................................................................................................................ 1





P r e s e n t  s i t u a t i o n ,  o b j e c t i v e s  a n d  o v e r v i e w  o f  r e s u l t s 1

1. Present situation, objectives and overview of
results

1.1. The purpose of the project

Today, ecological life cycles are created with the aid of life cycle assessments (LCA) and

subsequently examined for their environmental impact. Three years ago, Axel Springer

Verlag, Stora and Canfor began to apply an ecological analysis to a typical newspaper

and magazine in order to obtain a better understanding of the environmental questions

involved in the complex paper cycle. The results are summarised in this document. A

full report in English is available from the contact persons (see chapter 7).

For the purposes of this study, all the processes involved in the product cycle were re-

corded, sorted and evaluated - from land use via the extraction and processing of raw

materials to the recycling and disposal of wastes.

LCA methods have not yet been fully developed on a scientific basis. Their standardisa-

tion is currently being elaborated by the International Standards Organisation (ISO).

However, life cycle assessments already play a growing role as a basis for discussion for

management strategies, national environmental policies and consumer labeling informa-

tion.

Three global developments will determine the nature of the environmental debate in the

coming years:

• The Earth's population is increasing at a rapid rate.

• The pressure on natural resources is coming up against limits or has already ex-

ceeded them in areas such as the climatic impact of carbon dioxide (CO2) emissions.

• The ecological orientation of production and products is increasing in importance in

addition to their economic yields.

 Companies with a strategic outlook must therefore constantly subject their investments,

manufacturing processes and products to critical examination. Ecological optimisation

and sustainability that establish a link between economic development, social welfare

and the long-term protection of the very foundations of our planetary life today repre-

sent central criteria for the future survival of specific companies and entire sectors. To-

day, the utilisation of forests, the production of wood pulp, paper fibres and printing

paper as well as the printing of newspapers and magazines must satisfy high technical

and ecological requirements. The partners involved in this project wish to actively shape

the ongoing process of innovation necessary to achieve this goal.
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1.2. Experts from four countries and five sectors

 Manufacturing methods and products can be ecologically optimised only when the entire

value-creation or environmental impact causing cycle is examined as far as possible. This

is an extensive and complex task. For this reason, it was important to access the core

competences of various institutions. This is the advantage of multinational and cross-

sector co-operation. The participants in the project are:

• Axel Springer Verlag AG: Publisher and printer of newspapers and magazines

with headquarters in Berlin and Hamburg.

• Stora: Manufacturer of products such as wood pulp and paper. Owner of around

two million hectares of forest in Sweden. Plants in many locations including Sweden,

Germany, Belgium, France and Canada. Headquarters in Falun (Sweden) and

Düsseldorf.

• Canfor Pulp and Paper Marketing: Manufacturer of wood pulp, paper and wood

products, etc. Holder of forest tenures in the publicly owned forests of British Co-

lumbia and Alberta. Headquarter in Vancouver.

• INFRAS AG: A scientific institute for research, economic and environmental con-

sulting. Headquarter in Zurich and Berne.

• The German Federal Research Agency for Forestry and Wood Management

(Bundesforschungsanstalt für Forst- und Holzwirtshaft) of the University of Ham-

burg, represented by professors Rudolf Patt and Arno Frühwald. They carried out a

critical review of the industrial processes specified by the International Standards

Organisation (ISO) for its life cycle assessment. Both professors hold Chairs in Wood

Technology (Ordinariat für Holztechnologie).
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1.3. The objectives of this study

 The participating companies hoped to achieve five objectives, specifically:

• To perform an ecological evaluation of a typical newspaper and magazine along the

paper cycle.

• To gain the experience of making ecological balances within a multinational cross-

sector project.

• To create an ecological dialogue within their own companies, with readers, and with

the agents active along the paper cycle as well as with interested groups within soci-

ety;

• To provide information and criteria for ecological optimisation along the paper cycle

- from wood production to paper recycling and waste disposal;

• To participate in the professional-level debate on the development of methods for

ecological evaluation, the interpretation of data and the creation of agreed stan-

dards.

 

1.4. The critical review

 An ecological balance represents a complex research project which can now be supported

by well-structured methods. The procedures to be applied in an ecological balance are

defined in Standard No. 14040 ff. of the International Standards Organisation (ISO).

 Numerous decisions had to be taken as to how methodical principles could be applied to

the ecological balance for the newspapers and magazines presented here. The quantity of

data which must be processed during such a balance makes an overview difficult. There

is a risk that important assumptions may influence the results of the study, without this

being openly stated at the stage of their interpretation.

 To prevent this risk, the ISO standard specifies that a critical review be carried out by

independent assessors. These assessors must ensure that:

• the methods used to carry out the ecological balance satisfy the international stan-

dard ISO 14040 ff.;

• the methods used to carry out the ecological balance are scientifically well founded

and can be applied in practice;

• the data used is sufficient and appropriate in relation to the objectives of the eco-

logical balance;

• the evaluation takes account of the recognised limitations and objectives of the eco-

logical balance;
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• and that the report is transparent and internally consistent.

 As will be described in greater detail later, this ecological balance consisted of two sub-

projects. In the first of these, a method was developed which allowed for forest utilisa-

tion to be evaluated within the framework of an ecological balance. As far as we are

aware, this is the first application of this kind anywhere in the world. The industrial

processes and their environmental impacts were then examined in the second part. This

extensive second part was then subject to a critical review by professors Rudolf Patt and

Arno Frühwald. Both of them hold Chairs in Wood Technology at the German Federal

Research Agency for Forestry and Wood Management (Ordinariat für Holztechnologie

der Bundesforschungsanstalt für Forst- und Holzwirtschaft) at the University of Ham-

burg.

 They reviewed the appropriate conduct of the investigation according to the latest scien-

tific knowledge and commented on any open or controversial points. They provide com-

ments, although they had no significant effect on the final results. They also made sug-

gestions for further optimisations and possible further and more detailed coverage of the

study.

 The six-part report of the critical review is appended to the complete English-language

report of this study.

 

1.5. Overview of the results

• Life cycle assessment (LCA) is a useful if still quite new tool for investigating eco-

logical strengths and weaknesses along the value-creation and impact-causing

stages of products such as newspapers and magazines. It is expected that the ef-

forts of the International Standards Organisation (ISO), currently underway, will

further enhance the methodologies and disciplines of LCA.

• The cross-sector and cross-national co-operation on which this study is based offers

a good example for the ecological analysis of complex cross-border material flows.

The same benefits apply to the sectors of forestry, fibre and printing-paper manufac-

ture as well as to the printing processes themselves.

• This study concludes that further ecological optimisation of the paper cycle must

include the strategic sectors of forest utilisation, energy, climate, water and waste-

paper recycling.

• The method proposed by Bradley and Peter  and developed in this study allows

forest utilisation to be evaluated in an ecological balance for newspapers and maga-
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zines for the first time. (This method will henceforth be referred to in this paper as

the “Forestry Impact Indicator” method.)

• The study makes very clear that the power generation processes upstream of the

production of pulp, paper and printed media represent the greatest single source of

environmental impact. The mix of power sources present at each production site

thus leads to significant differences that affect the entire sequence all the way to the

final product.

• Wood is a renewable raw material for printed products and is essentially neutral in

its impact on climate. The combustion of wood waste in the production process re-

places fossil fuels and thus prevents CO2 emissions that would otherwise have had

an impact on the climate. Moreover, paper fibres can be recycled and re-used up to

six times. They can thus be re-used repeatedly right up to their final disposal, after

which they may be used once more as a source of energy.

• At recent and upcoming climate conferences (Kyoto 1997, Buenos Aires November

1998), forests are recognised as CO2 sinks. Protocols for assigning an economic value

to the role of forests as CO2 sinks have been proposed, but to date have not yet been

finalised. Thus bound CO2 may in the future represent a commercial product that

can be generated by reforesting. The paper cycle utilises a natural raw material,

namely wood, and thus forms a part of the CO2 cycle. This aspect may open up new

economic and ecological perspectives to the paper cycle.

• This study makes clear that organic halogen compounds cannot be evaluated in an

effective way in the water sector by using the usual sum parameter AOX within the

scope of an ecological balance. To allow a better evaluation of these halogenated

compounds, an "AOX plus" factor has been submitted here for discussion.

• The ecological impact of paper recycling depends essentially on the method used for

weighting the ecological prehistory (forest utilisation, fibre and paper manufacture)

of the waste paper. This is made clear by comparing the effect of discrete cut-off

and quasi co-product allocation methods.
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2. Balancing product life cycles

2.1. Creating an LCA

 The creation of a LCA (Life Cycle Assessment) is defined by the standard for making

ecological balances issued by the International Standards Organisation in its ISO 14040

series. Its core components are:

• Setting objectives

• Setting the framework of the investigation

• Creating the flow balance

• Estimating the impacts

The objectives: The objectives of the study are initially set. For example: what informa-

tion should the conclusions of the study contain?

The framework of the investigation: The system boundaries must be defined. Thus

decisions must be taken such as whether the energy consumption required to manufac-

ture a machine should be included together with the energy consumed in operating the

machine. When comparing ecological balances, the functional units must in particular be

defined and a careful check must also be made to ensure that the systems being consid-

ered really do have identical functions.

The flow balance: An inventory is made of the material and energy flows involved in

the manufacture, use and waste-disposal of the products. For this purpose, inputs (e.g.

energy) and outputs (e.g. emissions of the energy generating process) are assigned to

every part of the process (e.g. paper production). The main issue here is the nature of the

substances released into the environment (emissions).

Estimating the impacts: In a first step - the classification - the way in which the emis-

sions affect the environment is determined. Several impact categories are defined (e.g.

the greenhouse effect, depletion of the ozone layer or acidification). Because environ-

mental impacts are usually caused by several substances, a second stage known as the
characterisation is used to determine the relative strengths of the impacts of the various

emissions within the same impact category. For instance both carbon dioxide (CO2) and

methane (CH4) act as greenhouse gases. However, 1 g of methane has more than eleven

times the greenhouse potential of 1 g of carbon dioxide.
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The most difficult and at present scientifically least well-founded stage is the evaluation.

Hitherto, the levels of environmental impact within the individual impact categories were

recorded and weighted. Today, however, a complete picture must be obtained of the

environmental impact beyond the individual impact categories. This stage, which tries to

find a common yardstick for such varied phenomena as climatic impacts and toxic ef-

fects on living creatures, for instance, still requires a subjective weighting of the impacts

caused by the emissions.

As yet there are no generally accepted standardised methods for this important stage.

The various approaches used are still contentious. Internationally applicable rules

should be of help here. These are currently being prepared by the International Standards

Organisation (ISO 14040-ff).

Among the evaluation methods frequently used by specialists are CML (from the Dutch

Environmental Agency Centrum voor Milieukunde Leiden) and Eco-indicator 95 (from

M. Goedkoop of PRé Consultants).

CML dispenses with an overall assessment. Supporters of this method doubt that di-

verse environmental impacts can in fact be aggregated. They fear that such an attempt

would distort the final results.

For this reason, CML merely lists the various impact categories alongside each other. A

verbal, argument-based comparison of the environmental relevance of the various impact

categories is thus still needed.

In contrast, Eco-indicator 95 attempts to create an overall aggregation. The result can

therefore be expressed in a single number. The supporters of this method emphasise the

fact that the results may then be communicated in a simple way.
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2.2. A life cycle with its stages

Fig. 1 shows the stages in the life cycle of printed products: the logging of wood in the forest, its
conversion to fibres, the processing of the fibres to make paper, the printing of the paper to
make newspapers and magazines, their distribution to the readers, the collection of waste
paper and its re-conversion to paper fibres. Used fibres are continuously being expelled
from this cycle. It is thus only viable as long as fresh fibres are continuously added.

The life cycle of printed products examined in this project has been simplified by a divi-

sion into its phases:

1. Forest: Wood is the most important raw material for printed products: In the specific

example examined here, the fresh fibres for newspapers are mainly derived from

spruce trees from Swedish forests. The fresh fibres involved in the life cycle of maga-

zines were mainly derived from spruce and pine trees in Sweden, Germany and Can-

ada.

2. Fresh fibre production: The wood for the production of printing paper is processed

into mechanical pulp (newspaper and magazine papers) and chemical pulp (the in-

termediate product for the production of magazine paper).
Mechanical pulp is produced when wood fibres are mechanically separated and thus

contains all the constituents of wood. A distinction is made between stone-ground

wood (SGW) produced with the application of mechanical energy alone, and ther-

momechanical pulp (TMP) to which heat and pressure are additionally applied. A

principal component of the mechanical fibres, lignin, discolours under the action of
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light, a phenomenon commonly seen in the yellowing of newspapers.
Chemical pulp consists mainly of cellulose. This is also a main constituent of wood,

making up about 50% of its volume. Cellulose is extracted from the wood in a chemi-

cal process and is finally bleached. It is tougher than mechanical wood pulp and does

not yellow. It is also known as Kraft or sulphate pulp.

3. Paper production: Mechanical pulp, chemical pulp and recycled fibres as well as

filling materials and pigments are the most important basic materials for the produc-

tion of paper. Newspapers consist mainly of mechanical pulp and recycled material.

Papers with a smoother surface are used for magazines. Super-calendered (SC) paper

is produced by smoothing its surface by pressure, heat and moisture in a process

known as calendering. Lightweight coated (LWC) paper is produced by initially

coating the surface with a mixture of pigments and binding agents which smooths out

its natural unevenness before the paper is calendered.

4. Printing: Newspapers are printed by the offset technique, magazines by rotogravure.

The printing plates and cylinders are manufactured in the preliminary stages. The

publications are prepared for distribution in a subsequent processing stage.

5. Distribution: The publications are transported via marketing channels, usually inde-

pendent companies, to the retail outlets or directly to households.

6. Reader: The printed products are read by the reader.

7. Waste paper collection/waste: Households collect the discarded publications or take

them, ideally, to a waste paper container. In Germany, more than 70% of all newspa-

pers and magazines are already returned to the fibre cycle via used-paper collection.

Printed matter that is not collected ends up in the household waste, which may be

converted into heat by incineration or taken to landfill sites, depending on local policy.

8. Recycled fibres are now one of the most important raw materials for paper in the

densely populated parts of Europe. They are produced by re-disintegrating waste

paper. The ink used in discarded newspapers and magazines is removed by de-

inking.

Environmental impacts occur at every stage of this life cycle. The aim of this study is to

contribute to a more exact determination of the quantity relationships and weighting of

the environmental impacts at each of these stages.
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2.3. Structure of the study

Development of an assessment 
method of forestry impacts

Integration

Ecological assessment of the life cycle from forestry
until waste paper recycling/ waste treatment

   Direct environmental
  impacts by land

use in forestry

    Envi ronmental impacts
through emissions

LCA: Assessment of the
industrial processes

Fig. 2: This life cycle analysis of newspapers and other print products attempts to include forest
utilisation in the overall evaluation for the first time. For this purpose, the environmental
impact due to forest utilisation is evaluated with the aid of an LCA method developed
specifically for this project by Mike Bradley (Canfor) and Daniel Peter (INFRAS). The
industrial processes are evaluated with the aid of established methods based on Eco-
indicator 95 and CML (see Chapter 2.3.4.).

2.3.1. Analysis of a real paper cycle

To determine the environmental impact as accurately as possible, the stages which cre-

ated economic value and which caused environmental impacts were modelled on the

basis of the manufacturing processes used by the participating companies. The results

therefore represent examples of the real paper cycle for a newspaper and a magazine.

They do not represent the life cycle of all print products from Axel Springer Verlag. The

following aspects are included in the study:

a) the forest utilisation for newspapers in central Sweden, and for magazines in Germany

(North Rhine Westphalia), central Sweden and Canada (British Columbia);

b) the production of wood pulp in the Swedish STORA plant at Norrsundet and in the

Canadian Canfor plant in Prince George (British Columbia).



B a l a n c i n g  p r o d u c t  l i f e  c y c l e s 1 1

c) the production of newsprint paper in the Swedish STORA plants at Hylte and

Kvarnsveden as well as the production of paper for magazines in the Swedish STORA

plant in Kvarnsveden (SC paper) and in the German STORA plants at Reisholz (also

SC paper) and Kabel (LWC paper). All STORA plants have been audited according to

the Environmental Management Audit Scheme (EMAS) and have had or will have

soon their environmental management systems registered under DIN EN/ISO 14’001.

All Canfor plants are registered under the international standard ISO 14’001 as well.

d) the printing of newspapers at Axel Springer's offset printing works in Ahrensburg,

Kettwig and Berlin-Spandau as well as the printing of magazines at Axel Springer's

rotogravure printing works in Ahrensburg and Darmstadt. All Axel Springer printing

works are validated according to the Environmental Management Audit Scheme

(EMAS).
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Fig. 4: shows the material flows (fibre materials and fillers) examined in the present study for the real case of magazine production
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2.3.2. Which elements were included and which were ex-
cluded

A life cycle analysis extends all the way from the cradle to the grave. This applies not

only to the main components of a product, such as the newsprint and magazine papers

considered here. All environmentally relevant aspects of all other inputs and outputs

must also be known and included as far as possible. However, if all the relevant as-

pects really were taken into account, the study would become unmanageable. Bounda-

ries must therefore be set at clearly defined points beyond which the system is not ex-

amined.

The following boundaries were therefore set for this study (decision criteria):

• all direct inputs and outputs were included, i.e. the materials and energy which

flow directly into the production process along the entire life cycle of the primary

and preliminary products or are emitted during this cycle.

• the material and energy flows involved in the manufacture of transport vehicles

and production installations (including buildings) were not included.

 This means that the emissions of the paper-manufacturing machine, for instance, are

included, but not those resulting from the production of the paper machine. Also the

fuel consumption of the forestry machinery is included in the balance, but not the

manufacture of the machines themselves.

 

2.3.3. Differences between daily newspapers and weekly
magazines

 The example LCA presented here looks at the ecological life stages of a daily newspa-

per and a weekly or monthly magazine. However, newspapers and magazines are very

different printed products. They do not form a single functional unit but rather illus-

trate the extensive range of products within this sector. They cannot be compared di-

rectly, as their functions differ as much as those of a private car and a delivery van

(both of which have four wheels as a rule).

 Daily newspapers are used to convey information that is topical on the day of publica-

tion. They have a short life span. Weekly magazines, particularly those giving weekly

television listings, are used by the reader for a whole week. Daily newspapers and

weekly magazines therefore satisfy different requirements of readers and advertisers.
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2.3.4. The evaluation methods used in this study

 The most difficult, and scientifically least well-founded stage of a life cycle assessment

is the evaluation. In this project, two methods are used for performing the evaluations

in the life-cycle analyses:

• Eco-indicator 95: This is a new LCA method developed by M. Goedkoop (of PRé

Consultants) under the auspices of a Dutch research programme. It permits an

overall aggregation of around a hundred hazardous materials which affect ten en-

vironmental sectors (such as climate, ozone depletion or acidification). These im-

pacts can be combined into a single number. The units of measurement are milli-

indicator points (mIPs) - the more points the greater the environmental impact.

(Reference: Goedkoop, M.: The Eco-indicator 95, Final Report, Amersfoort 1995)

• In parallel to this, as a kind of insurance, the CML method was used for evaluat-

ing the industrial processes. It was developed at the Dutch university of Leiden

and is among the established methods for evaluating LCAs. Around 250 hazard-

ous substances are evaluated in ten environmental sectors. No overall aggregation

is automatically made of these sectors. The weighting of such diverse environ-

mental impacts as climate and eutrophication  must be decided by discussion. The

subjective element in the comparison of different environmental impacts is thus

clearly apparent. Distortions can be recognised and analysed. A disadvantage of

this method is the difficulty of communicating the results. (References: Heijungs, R.

(ed.): Environmental Life Cycle Assessment of Products, Guide and Background,

CML, Leiden 1992)

 By using the two different methods, it was possible to compare the conclusions reached

by the different approaches. Since no significant difference resulted from the use of the

two methods, our confidence in the validity of our conclusions was enhanced.

 Due to limitations inherent in both of the selected methods, the project participants

needed to develop additional techniques in the area of forestry land use and the dis-

charge of byproducts from the chemical pulp bleaching process. These methods were:

• “The Forestry Impact Indicator method“ for the sector of forest utilisation. This

newly developed technique fills a gap in the Eco-indicator 95 method. It represents

a proposal and first use of a way of evaluating land/forest utilisation within Eco-

indicator 95 and should be regarded as a contribution to the discussion on this is-

sue. It was developed during the work performed on this project by Mike Bradley,

Director of Technology at Canfor in Vancouver, and Daniel Peter, Project Manager



 B a l a n c i n g  p r o d u c t  l i f e  c y c l e s 1 7

at INFRAS in Zurich. Forestry experts from Sweden, Germany and Canada were in-

volved in the discussion about this proposal.

• “The AOX Plus method” This method was developed to address the specific need

we had to evaluate the ecotoxic effects of effluents from modern chemical pulp

mills, and to address critical shortcomings in the previously used absorbable or-

ganic halogen (AOX) method.
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3. Where and how do impacts occur on the
environment

 A number of results relating to the origins of the impacts occurring along the life cycle

of a sample newspaper or magazine, selected from a wealth of secondary process-

oriented data, will now be presented.

 

3.1. An overview of the emission sources

 

Fig. 5: During the life cycle of both newspapers (left part of graph) and magazines (right
part of graph) the emission sources are calculated and weighted according to the
Eco-indicator 95 method. As the recycling and fresh-fibre manufacturing processes
differ greatly, they are presented separately: First the environmental utilisation of
the forest (binding of carbon dioxide) is shown with a CO2 bonus. This bonus is as-
signed a negative sign which is then successively consumed in the course of the pro-
duction cycles of logging, manufacture of recycled fibres, manufacture of fresh fibres,
manufacture of paper, printing, distribution and waste disposal.
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 Figure 5 shows clearly the respective shares of the individual stages of the life-cycle of

a newspaper (left part of graph) and of a magazine (right part of graph) and their total

impact on the environment. This distribution is calculated and weighted in milli-

indicator points (mIPs) for each 1 kg of final product by using the Eco-indicator 95

method. The environmental utilisation of the forest due to its binding of carbon dioxide

from the atmosphere is shown as a CO2 bonus. This bonus is gradually consumed

during the course of the subsequent production cycles:

• CO2 bonus: Forest growth removes CO2 from the atmosphere and binds it in the

wood. This stage is assigned a CO2 bonus to indicate this environmental benefit.

However, because the CO2 concentration in the atmosphere is reduced as a result

of tree growth, this bonus  has been given a minus sign. The CO2 bonus is greater

for newspapers than for magazines, as newsprint contains considerably more fibre

and therefore more wood is required to produce 1 kg of newspapers. Magazine

paper consists of only about 65% of fibres: the rest are pigments required to give a

smooth paper surface.

• Forest utilisation: This involves a double environmental impact: firstly, the log-

ging process itself has a direct effect on the flora and fauna. Secondly, the use of

fertiliser and pesticides, road building and the fuel consumption of forestry ma-

chines, all produce emissions and have impacts. The environmental impacts of

land or forest use are calculated and separately listed in the Forestry Impact Indi-

cator evaluation method   newly developed for this study. Forest utilisation,

whether for newspapers or magazines, is in fifth place in terms of relative environ-

mental impact. For both products, a greater share of impacts results from the eco-

logical effects, than from the industrial aspects of forest managements.

• Fibre production:

- Fibre recycling: Although the newspaper in this specific example contains

26% of recycled fibres, their impact is very low compared with that of fresh fi-

bres. In terms of the LCA method, it remains to be clarified how the previous

history of the recycled fibres, i.e. their "life as fresh fibres" should be included

and allowed for in the calculation (cf. Chapter 4.5 on this point). Newsprint

paper contains only a very small quantity of recycled fibres.

- Fresh fibre production: The production of fresh fibres for newspapers is in

second place in terms of its environmental impact, while that of magazines is

in third place. The average share of fresh fibre (mostly  TMP) is over 70% for

newspapers. Magazines use about 40% mechanical pulp (mostly SGW) and
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20% chemical pulp. The main environmental impact comes from the energy

consumption involved.

• Paper production: The processing of the fibres to make paper for newspapers is in

third place in terms of environmental impact, while that for magazines is in first

place. This is for magazine paper (SC, LWC) mainly all due to the additional en-

ergy-intensive processing steps involved in providing the paper with a smooth

printing surface. Further important sources for impacts are mechanical and chemi-

cal pulp.

• Printing: Both the offset printing used for newspapers (cold set) and the rotogra-

vure for magazines contributes a little over a quarter to the total environmental

impacts. For newspapers, printing is thus the main cause of such impacts. The ro-

togravure process used for magazines is in second place. In addition to the in-

creased energy consumption for magazines, residual emissions of toluene solvent

are also released into the atmosphere.

• Distribution: In Germany, printed products are mostly distributed to the retailers

and households via independent operators. The Axel Springer publishing products

have a share of 50% of the transportation pool. 95% of the transport is by trucks

and 5% by vans. The impacts involved are relatively small.

• Waste: Waste treatment is applied only to the approximately 30% of printed

products which unfortunately still end up in household waste and the additional

10%, which result from wasted fibres during the deinking process. This material is

usually converted into energy in incinerators or to a lesser degree deposited in land-

fill sites. The ash remaining after incineration is itself either reused in the construc-

tion-materials industry or deposited in landfill sites. The CO2 originally bound in

the forest is ultimately returned to the atmosphere both in the landfill site and in

the incinerator.

 No comparative functional units: Newspapers and magazines are different products

that cannot be directly compared in ecological terms. They have different functions. In

comparison to magazines, newspapers cover topics of immediate daily interest. In con-

trast, the useful life of a weekly magazine is usually seven times longer than a daily

newspaper. The demands on the paper and print quality thus differ correspondingly.
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3.2. Environmental impact of
forest utilisation

 From a global perspective, the various types of forest sup-

ply primarily fuels (52%), building materials (39%) and raw

material for paper (9%). These proportions vary greatly

according to the country. Thus in Canada the relatively large trees are mainly processed

to produce sawn timber. The residual wood and to some extent smaller trunks from

thinning and spacing, are used for producing wood pulps. The same applies to the

Scandinavian forests.

 The forests which were included in this study, in the countries Canada (BC), Germany

and Sweden, have the following characterisitc mix of tree species:

• Sweden: spruce 39%, pine 53%, hardwoods 8%

• Canada: lodgepole pine 45%, white spruce 38%, alpine fir 13%, other soft-

woods 4%

• Germany: spruce 39%, beech 17%, oak 15%, pine 8%, other hardwoods 16%,

other softwoods 5%.

For the production of fibres in Germany, mainly thinnings are used. Mature trees are

too expensive for the production of fibres and are used for the production of sawn

wood. The waste wood from sawmills goes to the fibre production (thermomechanical

pulp).

An average Swedish spruce from the thinning process has a volume of 0.1 - 0.2 m3. If

we assume a volume of 0.15 m3 per thinned spruce, then approximately 67 kg of fresh

fibres (dry substance) according to the production processes investigated in this study

can be produced out of one such tree. From this approximately 73 kg of newspaper

with a moisture content of 10% can be produced. During the printing process, the sub-

sequent processing and the distribution, about 7 kg of newspaper are lost so that about

66 kg of newspaper reaches the readers. This is equal to 560 newspapers of 24 pages

with a format of 40 x 57 cm. The weight of the paper is 42.5 g per m2 and thus the

weight of a newspaper is 120 g. After having read the newspaper its life cycle is not yet

over. The fresh fibres can be used on average another 1.8 times. This means that another

1000 newspapers can be produced from the same fresh fibres of one thinned spruce. In

total the fibres of one thinned spruce can be used for 1560 newspapers.

The above calculated model however does not consider that the cycles of fresh fibres

and recycling fibres are connected nowadays. The newspaper investigated in this study
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consists of 74 % of fresh fibres and 26% of recycled fibres (average of the two studied

papers).

Life cycle analyses (LCAs) have been developed in the past twenty years exclusively in

order to evaluate industrial products and the manufacturing processes they involve.

They look mainly at emissions and their impact on the environment. No methodical

approach had hitherto been applied to the LCA evaluation of land/forest utilisation. It

had so far not proved possible to develop definitive methods to quantify the sustain-

ability of forest management, as was called for by the Environmental Conference in Rio

(1992) in terms of the criteria of diversity of species, yields of forested terrain and the

water economy. As the integrated evaluation of the paper cycle from cradle to grave

presupposes the inclusion of both industrial and forest aspects, this study attempts to
close this gap for the first time. To this end, a new methodical approach will be pre-

sented and discussed in Chapter 4.1.

3.3. Environmental impact of
fibre manufacture

For the manufacture of paper, wood must firstly be con-

verted into some form of wood pulp and recycled paper

must be converted into de-inked pulp (DIP). These produc-

tion steps use a great deal of energy and - in some processes -

chemicals as well. Thus the environmental impact here is relatively high compared with

that of other production steps. Between 24% (magazines) and 28% (newspapers) of the

environmental impacts along the entire life cycle is accounted for by these processes

alone (see Fig. 5). The distribution is calculated and weighted in milli-indicator points

(mIPs) for each 1 kg of end product with the aid of the Eco-indicator 95 method.

Twelve fibre manufacturing processes at six sites were examined. A comparison of the

environmental impacts per kg of fibre shows that the impacts of the fibre manufacture

vary greatly depending on the type and production site (see Fig. 6). The energy supply

is a major source of these impacts, especially the emissions from the power generation.

• SGW (Stone ground wood): A mechanical process for the manufacture of wood

fibres. The high impact values in the German plant at Reisholz are due to the higher

emissions from the power generating process (now converted) on this site. This

topic will be dealt with in Chapter 4.2 "Strategic field - energy" on page 35.
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Fibre production: comparison of six production sites
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Fig. 6: For manufacturing fibres, recycled paper or wood is separated  into its fibres by
means of mechanical, thermo-mechanical or chemical processes. All polluting ef-
fects (inclusive of the preliminary cycles) are included. The comparison also covers
the impacts of forest utilisation.

• TMP: In thermo-mechanical pulping, the fibres are mechanically separated by the

action of pressure and heat. The sites at Kvarnsveden and Hylte examined here are

both in Sweden. The environmental impacts per kg of fibre are approximately

comparable with the effects of wood-pulp manufacture.

• Kraft pulp: The chemical processes of wood digestion produce significantly higher

impacts than the mechanical processes. This is due firstly to the use of chemicals

that generate emissions and secondly to the higher energies consumed by these

processes. The Canadian kraft pulp site has higher environmental impacts than the

Scandinavian one. This is due mainly to the greater effects of forest utilisation, the

slightly lower yield and higher direct emissions during the pulp production in Can-

ada. No unequivocal picture emerges from the two bleaching options studied, as to

which of them had the lower impact. Both of the mills studied had responded to

environmental concerns, and had long since stopped using chlorine gas in their

bleaching processes. They had both independently developed and installed the

technology to bleach by the enhanced ECF process (elementary chlorine free) in

which oxygen and some chlorine dioxide is used, and also by the TCF process

(totally chlorine free). The total impacts of ECF and TCF do not differ significantly.
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• Recycled fibres: The lowest environmental impact is due to the recycled fibres. The

differences between the Swedish site at Hylte and the German site at Reisholz can

again be seen to be due to the differences in power supply. For more on this topic,

see Chapter 4.2 "Strategic field - energy".

 

3.4. Environmental impact of the
manufacture of printing paper

 In paper manufacture, the wood fibres separated by me-

chanical, thermo-mechanical and / or chemical processes

are blended together with the mineral filler and process

materials in an aqueous suspension (1 part material, 99

parts water) to a continuously rotating sieve. By means of gravity, mechanical energy

(pressing) and heat (in a steam-heated drying drum) the water is removed again and

paper is produced. The main pollutant steps in paper manufacture are a) the ecological

prehistory of the fibres used, b) the energy consumption, and c) to a smaller extent the

chemicals used as well as the transport processes (detailed in Fig. 7 under "Others").

 The impacts are calculated and weighted in milli-indicator points (mIPs) for every 1 kg

of end product with the aid of the Eco-indicator 95 method.

• Newsprint paper: In the newsprint papers examined, between 40 and 52 percent

of the impact comes from the fibre input. The great majority of the remaining im-

pacts (ca. 40 percent) are due to the energy consumption.

• SC magazine paper: The impact of the energy consumption is between 45% and

59%. This is due above all to the more complex and more energy-intensive manu-

facturing processes involved. The great difference between Kvarnsveden (Sweden)

and Reisholz (Germany) is due to the power supply, as the local electricity and

steam generation in the coal-fired power station at Reisholz which has now been

closed down, made a relatively high contribution to the impacts (cf. Chapter 4.2).

The higher environmental impact of the energy generation also leads to the high

impacts attributed to the preliminary products (fibre manufacture) which are pro-

duced in the same paper mill.
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Fig. 7: Weighting of the pollutants for three paper types: For newsprint papers about
two thirds of the pollutants are accounted for by the fibres. The remaining pollu-
tion originates largely from the energy consumption. The energy requirement
makes up the lion's share here. This is particularly the case for German produc-
tion sites such as Reisholz and Kabel (cf. Chapter 4.2 on this point). Chemicals
and transportation are comprised under "Otherss".

• LWC magazine paper: The LWC paper in the present example is used for the

magazine covers. It must satisfy particularly high qualitive requirements. In addi-

tion to allowing excellent printability it must also protect the magazine. Its manu-

facturing process is relatively complex and energy-intensive (see Chapter 4.2).

3.5. Environmental impact of the
manufacture of printed products

Newsprint paper is processed in offset printing plants (for

newspapers), SC and LWC in rotogravure printing plants (for

magazines). Here too, the distribution of the environmental impacts has been calcu-

lated and weighted in milli-indicator points (mIPs) for every 1 kg of end product with

the aid of the Eco-indicator 95 method. Fig. 8 shows the average values for the printing

sites at Ahrenburg (offset and rotogravure), Darmstadt (rotogravure), Berlin-Spandau

(offset) and Essen-Kettwig (offset) belonging to Axel Springer Verlag. The results show
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that rotogravure has a significantly greater environmental impact than offset (cold set).

Only small differences could be observed between the individual printing sites for a

particular printing process (offset 4.3 - 4.6 mIPs, rotogravure 11.7 - 12.1 mIPs).

Fig. 8: Weighting of the environmental impacts within printing processes: for both offset
and rotogravure, the "imported" materials of paper and ink make a much greater
contribution than the actual printing process. The term "Others" comprises chemi-
cals, transportation etc..

• Newspaper printing: Newspapers are printed by the offset process. The main

source of impact is the paper used, accounting for 65% of the total. The energy

share of the environmental impacts is 16%.

• Magazine printing: In Germany, magazines with runs of more than 500,000 cop-

ies are as a rule printed by the rotogravure process. This also applies to the typical

magazine used as the basis for this study. The papers printed by rotogravure rep-

resent the main source of impact, accounting for 66% of the total. To this must be

added the higher consumption of ink (11%) and the toluene emissions (6%). In ad-

dition, the energy use is somewhat higher in absolute terms. However, it adds only

8% to the impact.
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4. The conclusion of this study: the paper cy-
cle is challenged in five strategic sectors

The objective of this study was to derive recommendations of maximum clarity from

the collected data, calculations and provisional evaluations. The results presented in

Chapter 3 make it clear that five strategic ecological sectors play a central role in the

ecological optimisation of newspapers and magazines:

Fig. 9: Five strategic ecological sectors of the paper cycle

1. Forest utilisation: All paper fibres - including recycled ones - come originally from

the forests. The sustainability of forestry has therefore always been a key issue for

the paper industry, and is becoming even more so in the face of a growing world

population and greater demand for paper in the 21st century. The aim must there-

fore be to develop a metric suitable for quantifying sustainability. To this end, the

Forestry Impact Indicator method will be presented and illustrated in this study.

2. Energy: This plays a key role in ecological terms along the life cycle of a newspaper

or magazine due to the CO2 emissions from fossil fuels that affect the climate and

other emissions affecting various sectors of the environment.

3. Climate: On the one hand, CO2 is bound by sustainably-managed forests. On the

other hand, newspapers and magazines are responsible for the release of CO2 by

using fossil energy along their life cycle, and also during their return to nature at the

end of their life. Questions of climate represent a central issue in global politics. De-

spite remaining uncertainties, a majority of scientists around the world have come to

the conclusion that the increased concentration of gases such as CO2 due to man, (so
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called anthropogenic CO2) is changing the climate. For this reason, at the climate

conferences organised by the United Nations (Kyoto 1997; Buenos Aires, November

1998) attempts were and are being made to reduce CO2 emissions. The role of for-

ests as CO2 sinks discussed here opens additional perspectives for the paper cycle.

4. Water: The demand for cooling and processing water as well as the level of noxious

substances dissolved in the waste water continue to fall in modern pulp mills and

paper factories as well as printing works. Despite this, water consumption and

waste water quality still need to be considered in the ecological evaluation of news-

papers and magazines.

5. Waste paper: In densely populated Europe recycled fibres meanwhile have become

a very important input into the paper production. In a direct comparison the pro-

duction of recycled fibres usually creates less environmental impacts than the fresh

fibre production. But the recycled fibres benefit from the fresh fibre production dur-

ing which the wood is transformed into fibres. The environmental impacts of the

production of fresh fibres are not attributed to the recycled fibres. However the recy-

cling-cycles can only be sustained if there is a continous fresh fibre supply. Therefore

a method for a „fair“ allocation of the environmental impacts of the primary and

secondary fibre production has to be found. The present study points out these me-

thodical problems.

4.1. Strategic field - forest use:
Seeking a unit for sustainability

4.1.1. Conclusions

• The evaluation of forest utilisation within an ecological

balance is made possible by the Forestry Impact Indicator

method proposed here.

• In terms of its environmental impacts within the entire life cycle of newspapers and

magazines, forest utilisation is in fifth place in both cases.
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• CO2 balances provide an important yardstick for sustainability. Since the Climate

Conference in Kyoto (1997), bound CO2 has been proposed as having a commercial

value. It can be obtained by reforestation or afforestation. (This point is discussed

in greater detail in "Strategic field - climate".

4.1.2. Present situation

The forests of the world serve invaluable and irreplaceable ecological and environmental

functions. These are relevant within an LCA of paper products, because they are the

cradle for every wood fibre which goes into paper. Viewed globally, the different types

of forest supply above all fuel (52%), building materials (39%) and raw material for

paper (9%). In certain parts of the world, the growing demand for agricultural land and

wood as fuel is leading to ever larger areas of forest not only being used but also de-

stroyed. For the ecological optimisation of newspapers and magazines, the quantitative

and qualitative (diversity of species) sustainability must therefore be proved to exist

beyond any doubt.

Forests are multifunctional ecosystems, amongst the functions they provide are:

a) Depending on the climatic zone, they form the basis for a special fauna and flora

(diversity of species).

b) Tree shadows and roots protect the soil from erosion and drying up. Forests thus

play a central role in the earth's water economy.

c) They are carbon dioxide sinks, i.e. they help to reduce the concentration of the green-

house gas CO2, in particular in central and northern latitudes. This property has now

acquired an economic importance thanks to the international climate conferences

(Kyoto 1997, Buenos Aires November 1998). However, a question remains: how can

the sustainability be quantified in a life cycle assessment?

Still no ecological balance for forest utilisation: LCA methods were originally devel-

oped for the evaluation of products and the manufacturing processes they involve.

They mainly consider emissions and their effect on the environment. However, the great

complexity of land/forest use has so far precluded the development of any methodical

approach to its evaluation by LCA. The method presented here does not correspond to

any of the certification methods currently being developed by various organisations,

however it incorporates all of the ecological considerations which they do. An ecological

balance attempts to produce a simple estimate of forestry practices that is less detailed

than a certification, but which has some type of valuation applied. Such a balance thus

allows a comparison to be made between the environmental impacts of forest use and

other environmental effects.
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First proposal for a method: As the integrated evaluation of the paper cycle from the

cradle to the grave requires the inclusion of both these impacts, this study by Mike

Bradley (Canfor, Vancouver) and Daniel Peter (INFRAS, Zurich) will attempt to close

this gap. The proposed method is based on the principles of the environmental confer-

ence of Rio (1992). Its aim is to create an practical way of recording and evaluating

forest sustainability. The Forestry Impact Indicator method analysis takes place in two

steps which will now be described.

4.1.3. The „Forestry Impact Indicator“-method of forestry
evaluation proposed by Bradley/Peter

Step 1: Evaluation of sustainability

The environmental impacts of the use of forest land are initially estimated. The inten-

sity and significance of these impacts depends on local conditions, however, the evalua-

tion must be globally applicable. The Forestry Impact Indicator method starts with an

indirect approach towards measuring the ecological impact of forestry.

Comparison with an ideal situation: Instead of recording and evaluating physical

parameters for estimating the environmental impact, an assessment is made of the ex-

tent to which existing forestry methods match an "ideal" forest management oriented

towards sustainability. Specifically we try to measure the area of the forests which is

being managed in a manner which sustains habitat quality and quantity for a range of

ecological considerations. This approach attempts to recognise the direct dependences

between species and their habitat. The key factor is that existing resources should be

available to future generations to an undiminished extent. The sustainability of a forest

is thus evaluated on the basis of 13 indicators in the three sectors of bio-diversity

(diversity of species, ecological system and genetic diversity), maintenance of water

resources as well as the preservation of the health of the forest and the fertility of the

soils. Accordingly, every forest must be re-examined within the scope of its site-specific

conditions to determine the measures and management practices that are necessary for

its sustainability. This examination is carried out by a group of local experts. The way

in which specific management practices effect the environment must be determined for

every indicator.
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Figur 10: Basic forest evaluation model within the scope of an LCA proposed by Brad-
ley/Peter: The model starts with the objectives of "bio-diversity", "soil fertility"
and "water economy" set at the environmental conference of Rio (1992). Bradley
and Peter use 13 indicators to evaluate the degree to which forest management
methods observe these objectives. The indicators are aggregated to obtain an overall
evaluation of the sustainability of a forest. In a second step, the environmental im-
pact due to forest use is defined within the framework of the other types of land use
with the aid of a reduction factor. This reduction factor specifies the degree to which
an environmental impact must be reduced to assure a sustainable level. At the same
time, this impact is weighted in comparison with other environmental impacts such
as the greenhouse effect.

Five evaluation categories: A sustainability level for forest use is defined with the aid

of categories A to E for each of the 13 indicators. “A” refers to a forest managed sus-

tainably on the basis of the latest knowledge, “E” to a forest to which no measures are

applied and that suffers serious damage. “C” lies between these two and corresponds

to current forestry standards. The forest is then classified into five categories A - E for

each indicator. Finally, the evaluations of the 13 indicators are combined to create a

single sustainability number.

At all times the approach taken is a precautionary one. Absence of information is al-

ways penalised in our method. For example if a forestry practice was being applied in a

natural forest and in a managed forest, and there was no detailed study on the ability

of the natural forest to recover, but such information did exist for the managed forest,

then the natural forest would be given the worse rating.

Step 2: Linking with Eco-indicator 95

In the second part of the proposed method, the overall evaluation is integrated into the

ecological balance method known as Eco-indicator 95. The key objective here is to de-

fine the environmental impacts of forest use in comparison to other environmental ef-

fects (e.g. greenhouse effect, ozone depletion etc).

A generally applicable evaluation of the environmental impacts of land use must in-

clude all types of such use, not only forestry and agriculture but also transportation,

settlement and the extraction of raw materials. This study will in the first instance fo-

cus on the sub-aspect of land utilisation for wood production.

These considerations start with a qualitative estimate of the current environmental im-

pacts due to agriculture in Europe. The reduction factor used in the Eco-indicator 95

method is of central importance for this estimate and has two functions: firstly it speci-

fies the extent to which an environmental impact must be reduced to a specific limit or
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to a sustainable level, and secondly it determines the relative weights of the various

environmental sectors. Thus the greenhouse effect is assigned a reduction factor of 2.5,

while overuse use of fertilisers has a factor of 5. This means that the greenhouse gases

should be reduced by a factor of 2.5. In addition, the ratio of the reduction factors indi-

cates the mutual weighting of the various environmental impacts. The excess-fertilising

effect is therefore considered by the Eco-indicator 95 method as having twice the im-

pact of the climate effect.

In the literature, a reduction factor of ten has been specified for the agricultural sector

(Braunschweig et al.: Developments in LCA valuation, St. Gallen, 1996). Since the envi-

ronmental impacts of forestry are lower than those of agriculture (Noble, I.R., Dirzo, R.:

Forests as human dominated ecosystems, Science Vol 277, 25 July 1997), forestry

should also be expected to have a lower reduction factor. A wide range of utilisation

intensities can be observed in agriculture, so that types with both above-average and

below-average intensities can be expected. These types of agriculture thus show a scat-

ter around a factor of ten, although the extent of this scatter is not precisely known. A

similar scatter around a reduction factor that is yet to be determined may also be as-

sumed for forestry.

In an initial evaluation, a reduction factor which ranges from under 1 to 4 was pro-

posed for forestry. Therefore forestry practices which are certified as being fully sus-

tainable will be rated at 0.25 (A), whereas those that are unsustainable (E) will be rated

as a 4. Only untouched natural forest would be given a zero weighting.

4.1.4. The Forestry Impact Indicator method in a practical test

Within the scope of this study, the new method was applied for the first time to forests

in Canada, Sweden and Germany. The following conclusions were obtained:

1. The newly developed method works well in practice.

2. Due to the site-specific definition of the criteria, the same sustainability levels (A to

E) may lead to different figures in the LCA method (expressed here in milli-

indicator points on the basis of Eco-indicator 95). This however is precisely the out-

come that should be expected, since forestry evaluations must always reflect the

unique set of ecological conditions that are specific to each forest site.
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3. The forest utilisation areas investigated were found to have above-average sustain-

ability levels. The forest utilisation sectors evaluated in Canada, Germany and

Sweden were all classed between categories A and C, i.e. they were thus shown to

correspond to at least current standards.

4. This method showed that the greatest optimisation potentials existed a) in the tim-

ber suppliers to the Swedish pulp and paper factories of STORA (mostly family-

run forestry operations); b) in the timber suppliers to the German paper factories of

STORA (mostly family-run forestry operations); c) in the utilisation of the forests

in BC, Canada where CANFOR has tenures.
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A = Completely sustainable C = Current standard in forestry

B = Approximately sustainable D = Almost no sustainable practices *

* not or only partially shown E = Destruction of regenerative capability *

Comparison of the environmental loads of land use in forestry
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Fig. 11: Comparison of the environmental impact of land use by wood production in forestry
according to  the Forestry Impact Indicator method: The evaluation was applied to
the practice of forest utilisation in Canada, Germany and Sweden. The diagram
shows that the sustainability classes A to E are determined locally and thus some-
times differ significantly from place to place. The forest utilisation methods esti-
mated for this study (black bars) were classified between the categories A
"completely sustainable" and C "current practice".

This method has involved entering new territory. This is the first time that aspects of

land use in forestry have been evaluated within the scope of an LCA. The approach

favours the evaluation of the impact of management practices on ecological and envi-

ronmental parameters in preference to directly counting species or measuring genetic

diversity. It does not yet represent a tried-and-tested method but aims rather to

stimulate further research and development.
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Not all methodical questions relating to the LCA evaluation of land use could be an-

swered within the scope of this project, which focused on evaluating forest manage-

ment with the objective of developing a practical approach. The first application re-

sulted in the following conclusions and opportunities for further improvement:

Step 1: Evaluating the sustainability of a forest

• Acquiring in-depth knowledge of the effect of management practices on the associ-

ated environmental impacts.

• Calibration of the evaluations: experts interpret criteria in different ways. This is a

problem that occurs with all new methods. An exchange of experience could help

to standardise the evaluation criteria.

 Step 2: Linking forest evaluation with the LCA method (Eco-indicator 95)

• Evaluation of other forms of land use: a comprehensive integration of land use into

the LCA methods must cover all forms of land use (from forestry via agriculture to

settlement). The method we used could be extended into other forms of land use.

• Establishment of LCA inventory data for land use: LCA practitioners are particu-

larly keen to seek standardised data that they can use as the basis for their calcula-

tions. The issue is not to evaluate a particular piece of forest, but to assess aspects

of land use in general. For this purpose, existing inventories must be extended by

aspects of land use.

• The results of the forestry evaluation (step 1) have been integrated into the LCA

method of Eco-indicator 95 within the scope of this project. An extension of the po-

tential applications of this approach would also have to include other LCA meth-

ods.
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4.2. Strategic field - energy:
optimisation potential in
a deregulated market

4.2.1. Conclusion

• An overall comparison of the environmental impacts

along the paper cycle shows that the supply of energy

represents the largest single item.

• The terms electrical power and steam can cover a variety of dissimilar facilities: the

environmental impact due to the generation of a kWh of electricity or a tonne of

steam thus varies widely depending on its mode of generation (gas, oil or coal, nu-

clear or hydroelectric power).

• Site-dependent environmental impact profiles: the various components of these

modes of generation lead to very diverse environmental impacts per kWh or tonne

of steam, depending on the location.

• Optimisation of reserves: Given a free choice of energy mix, considerable reserves

would still exist for the ecological optimisation of the paper cycle at each location.

4.2.2. Present situation

 Companies and private individuals do not currently have a free choice of energy sup-

plier. It is still unclear how companies will endeavour to obtain energy in a liberalised

market.

Thus the customer currently has no influence on the raw materials (primary energy)

from which the electricity and steam that he buys are generated. In ecological balances

therefore, an average value is usually used to calculate the energy mix for all locations

and production processes along the product cycle. The European power mix is defined

by UCPTE (Union for the Co-ordination of the Production and Transport of Electricity).

The different magnitudes of the environmental impacts resulting from 1 kWh of hy-

droelectric power compared with 1 kWh from coal are not considered here.

 Within the scope of this study, therefore, the authors intentionally based their calcula-

tions on the energy mix actually present at the production sites in Sweden, Canada and

Germany.
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4.2.3. The primary energy determines the environmental im-
pact of an energy mix

 The analysis in the energy sector reveals that the mode of power and steam generation

is at least as relevant as the quantity of energy used for a product (see Fig. 12). How-

ever, the environmental impacts evaluated by Eco-indicator 95 are lower than the real

values in this case, as the aspect of land use is not currently included in ecological bal-

ances.

• Hydroelectric power is an important resource for generating electricity in Canada

and Sweden (primary energy). An important aspect of hydropower is land use.

• Nuclear power covers around 60% of Sweden's electricity needs. It is also „low“ in

emissions as far as the classic pollutants such as CO2, SO2, NOx etc. into air, water

and soil are concerned. However, current ecological balances do not include in their

evaluation the treatment and disposal of spent fuel elements or the risks of rare but

correspondingly serious incidents.

• Coal, oil and gas are fossil energy sources that cause great environmental impacts.

Relatively large energy losses and emissions already develop during the extraction

of these fuels. One of the greatest environmental impact occurs during the combus-

tion process by the release of harmful emissions into the air such as CO2, SO2, NOx

etc.

• Wood wastes and pulping liquors play a major role in the generation of energy in

pulp and paper factories. These types of energy are given a particularly good rat-

ing in terms of climatic impacts due to their balanced CO2 output and recovery of

chemicals. However, they are not completely benign in other categories of environ-

mental impact (e.g. nitrogen oxide emissions).

• Solar power plays no part at the sites examined as it is uneconomical in addition

to suffering from insufficient availability and efficiency. Environmental impacts

would be due mainly to the large areas of land required as well as the manufacture

and disposal of solar cells.

• Wind power plays no part at the sites examined for the same reasons as solar

power. Environmental impacts would be due mainly to land use and noise as well

as the manufacture and disposal of the installations.
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Fig. 12: The influence of primary energy on the environmental impacts of power genera-
tion expressed in milli-indicator points per MJ of final energy. The large propor-
tion of power generated from coal, oil and gas in German sites gives them a com-
paratively unfavourable environmental profile as regards electricity. The envi-
ronmental profile of nuclear power (especially in Sweden) is favourable, as the
treatment and final storage of spent fuel elements cannot be valued in current
LCA-valuation methods. The electricity Canada is based to more than 90% on
hydroelectric power which is low in emissions. UCPTE is the designation for the
European power mix resulting from the exchange of power across national
boundaries. The paper factory at Reisholz operated its own brown-coal power sta-
tion until July 1996. It has now been shut down.

4.2.4. Effect of the energy mix illustrated by fibre production

The principal types of energy which play a role in fibre production at the Swedish, Ca-

nadian and German sites are initially identified. The industrial processes were consid-

ered without the inclusion of land use for wood production.

Fig. 13 shows that the lion's share of the environmental impact associated with the me-

chanical and thermo-mechanical defibration of wood (SGW, TMP) is due to the con-

sumption of electrical energy. Reisholz is the exception: until July 1996 power and

steam were generated by its own brown-coal power station. The production of chemical

pulp in particular requires large quantities of steam, some of which is generated from

fossil fuels, but most of which is as from the incineration of process liquors and wood
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wastes. An uneven picture emerges for the recycled fibres, which mirrors the highly di-

verse energy situations at the various sites.

Contribution of energy consumption to the 
environmental impacts of the production of fibres
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Fig. 13: Fibre production and type of energy used: In mechanical (stone-ground wood
pulp) and thermo-mechanical (TMP) fibre production, the demand for electricity
dominates. The greatest impact in cooking (chemical pulp) was associated with
steam production (particularly due to the incineration of bark and lignin). Reasons
for the large deviations even within individual processes are the differences in power
and steam consumption as well as the evaluation of the energy used in the individual
countries.
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4.2.5. The ecological product profile with freely selectable
energy sources

At present, production facilities cannot choose the mode of generation of the energy

they buy (e.g. hydroelectric power, nuclear power or natural gas). Nevertheless, this

study will examine how the ecological profile of a newspaper or a magazine depends

on its production site. To this end, three scenarios were developed (industrial processes

without land use):

• Basic scenario: The first scenario is developed from the power-generating situation

at specific sites on the basis of the material flows examined in this study. This re-

fers to pulp production in Sweden and Canada, paper production in Sweden and

Germany, and newsprint production in Germany.

• German scenario: A hypothetical production cycle was calculated from fibre

processing to newspaper or magazine printing, making exclusive use of the Ger-

man power mix. This is generated with a high proportion of coal, brown coal and

oil.

• Swedish scenario: A hypothetical production cycle was calculated from fibre

processing to the complete newsprint paper, making exclusive use of the Swedish

power mix. This is generated with a high proportion of nuclear and hydroelectric

power. The printing of newspapers and magazines was calculated on the basis of

the German power mix.
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Comparison of the environmental loads depending on the 
production site of electricity in the production of paper
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Fig. 14: The ecological profile of newspapers and magazines depends strongly on the en-
ergy mix at the sites where the fibre and paper are produced. Calculations are
made in milli-indicator points per kg of printed products (without land use). The
fictitious newspaper produced exclusively with the German power mix leads to
around double the environmental impact in the end product due to the high share
of fossil energy in comparison with the real production chain examined here. For
magazines, the environmental impact increases by 17% when the entire paper
production is calculated on the basis of German electricity. The environmental
impact of the magazines calculated with Swedish electricity is considerably lower
than that shown both in the basic scenario and in  the German power model.

 Conclusion: Considerable reserves would be available for the ecological optimisation of

the paper cycle if users had a free choice of energy mix for each of their sites. To what

extent this can be realised in future is still uncertain.
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4.3. Strategic field - climate: a good
starting point for printed products

4.3.1. Conclusions

• Wood is a renewable resource whose growth reduces the

CO2 concentration in the atmosphere. However, this effect

is subsequently attenuated as shown by the CO2 balances.

The CO2 emissions released in this process have no impact on the climate. They can

be considered as being “climate neutral”

• Wood is a renewable energy source that reduces the demand for non-renewable

fossil fuels (oil, gas, coal) in production processes (incineration of wood wastes,

slurries, waste paper etc.) and thus prevents additional CO2 emissions.

• The economic potential of forests as CO2 sinks is currently being negotiated at

various climate conferences (Kyoto, Buenos Aires). This opens up new perspectives

for the paper cycle.

 

4.3.2. Present situation

 Release and binding of carbon dioxide: In all combustion and decaying processes of

organic materials, the odourless gas CO2 (carbon dioxide) is released into the atmos-

phere. Despite remaining uncertainties, a majority of scientists have come to the con-

clusion that the climate is being changed by the increased concentration of gases such

as CO2 caused by human activity. For this reason, negotiations at the climate confer-

ences organised by the United Nations (Kyoto, Buenos Aires) attempt to reduce the

CO2 emissions.

 Today, the CO2 balance is one of the central indicators used to evaluate the sustain-

ability of a product. On the one hand, newspapers and magazines release CO2 due to

the consumption of fossil fuels (coal, gas, oil) along their life cycle. On the other hand,

CO2 is bound by sustainably used forests. For this reason, the ecological optimisation

of newspapers and magazines must clarify where and how much CO2 is released into

the atmosphere during the life cycle.

 Energy mix: The CO2 balance of newspapers and magazines is strongly dependent on

the CO2 emissions from pulp, paper and print production. The critical factor here is the

type of energy supply. Electricity and steam from fossil fuels such as oil, coal and gas

have a negative impact on the CO2 balance. Hydroelectric power produces practically
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no CO2 emissions. Nuclear power stations do not release any CO2 directly either, but

the manufacture of the fuel rods does. Nuclear power is politically controversial in

Germany, Canada and Sweden.

 Renewable resource: Wood as the main constituent of paper is a renewable resource.

The growth of wood reduces the CO2 concentration in the atmosphere. However, this is

only a transient effect. It is already attenuated after a few paper recycling stages or by

the exclusion of discarded paper that is subsequently incinerated or decays (in waste

dumps). Wood or wood based products which remain in long term storage such as

furniture, buildings, documents etc. are actually long term sinks of carbon dioxide.

 From the standpoint of climate, the critical factor is however that wood is a renewable

source of energy that significantly reduces the need for non-renewable fossil fuels (oil,

gas, coal) in pulp and paper production (incineration of waste wood, paper sludge,

waste paper etc.) and thus permanently avoids the creation of these additional CO2

emissions.

 

4.3.3. The CO2 balance illustrated by a newspaper

 The tree is the starting point for manufacturing a newspaper. During its growth it re-

moves CO2 from the atmosphere and converts it to organic material (wood). In the

ecological evaluation, a release of emissions is assigned a positive sign, and removal

from the atmosphere a negative one (a CO2 deficit and bonus respectively). A CO2 bo-

nus is also assigned to recycled fibres, as they bind CO2 in the form of organic material.

 The CO2 balance during the life cycle has the following form:

 Forest: The starting materials of wood (and recycled fibres) for 1 kg of newspapers

bind approximately 2.3 kg of CO2. As emissions are assigned a positive sign, this re-

moval from the atmosphere is shown with a negative sign.
Intermediate CO2 balance: -2.3 kg (negative sign: CO2 bonus)

 Fibre production: In fibre production, wood and recycled fibres leave the cycle mainly

during the de-barking of trees and the sorting of recycled paper, and this output con-

tains approximately 0.4 kg CO2 in bound form. The energy required for the fibre pro-

duction is generated in our examples by burning both fossil and renewable fuels (bark,

wood, recycled fibre sludge etc.). The fossil fuels release 0.2 kg of CO2 emissions that

affect the climate. In contrast, the 0.2 kg CO2 released in the incineration of renewable

fuels have no impact on the climate and are shown in the diagram but not included in

the balance.
Intermediate CO2 balance: - 2.3 kg + 0.4 kg + 0.2 kg = -1.7 kg
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 Paper manufacture: Here, the greatest part of the energy is generated from the com-

bustion of renewable fuels (wood waste) (0.5 kg CO2). These emissions do not affect

the climate either. Only a small part of the CO2 emissions (approx. 0.1 kg) comes from

fossil fuels. Minor fibre waste releases small quantities of bound CO2. 
Intermediate CO2 balance: - 1.7 kg + 0.1 kg = -1.6 kg

 Printing: In the printing process, fossil fuels (steam generation) and heating produce

the greatest output of CO2 (0.3 kg). Another 0.2 kg CO2 are released as waste news-

print leaves the process.
Intermediate CO2 balance: - 1.6 kg + 0.3 kg + 0.2 kg = -1.1 kg

 Distribution: The newspaper industry produces another 0.1 kg of CO2 emissions per

kg of printed products by means of diesel and petrol consumption. 
Intermediate CO2 balance: -1.1 kg + 0.1 kg = -1.0 kg

 Intermediate CO2 balance at the time of reading: When read by the reader, the

newspaper still has a CO2 bonus of -1.0 kg per kg. It therefore binds more CO2 than

was released during its manufacture in terms of emissions from fossil fuels. As we

have already seen in the "Strategic field - energy", this result depends strongly on the

mode of power generation involved. Hydroelectric and nuclear power are the main con-

stituents of Swedish power generation and lead to essentially no CO2 emissions.

 The end of the life cycle: A CO2 balance must not end with the product, especially in

the case of such a short-life product as a newspaper. In 1994, approximately 40% of

the paper fibres in Germany left the paper cycle via domestic waste or the recycled fibre

sludge from the fibre recycling process. They were incinerated or decayed on a landfill.

Approximately 0.6 kg of the CO2 bound in the product is returned to the atmosphere in

this process.
Intermediate CO2 balance: - 1.0 kg + 0.6 kg = -0.4 kg

 Recycling: The remaining 60% of the paper (figures from 1994) enters a new life cycle

via waste paper recycling. These 60% result from a used-paper collection rate of 70%.

Of these, another between 10% and 20% of the fibres leave the cycle in the later proc-

essing stages of the used-paper recycling process. The remaining 60% of the original

newsprint paper is processed to recycled fibres that are re-used in a printed product.

However, these fibres also sooner or later end their life cycle. Thus all CO2-binding or-

ganic materials are degraded and the remaining originally bound CO2 (approx. 1.1 kg)

is released. The final balance shows that + 0.7 kg of CO2 has been released from fossil

fuels for 1 kg of newspapers.

 Final CO2 balance at the end of the life cycle of the fibres: - 0.4 kg + 1.1 kg = +0.7

kg (positive sign: CO2 deficit)
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Fig. 15: The CO2 balance illustrated by a newspaper: The wood required for manufactur-
ing 1 kg of newspapers binds 2.3 kg of CO 2 in the forest. In the course of newspa-
per manufacture, various sources contribute to the CO2 emissions. More CO2 is
bound in a finished newspaper than was released from fossil fuels during its
manufacture. However, this positive effect on the climate lasts only until the final
degradation of the organic materials. The recycling of about 60% of the newspa-
pers does not change this result either.

 

4.3.4. The CO2 balance illustrated by a magazine

 Forest: Compared with newspapers, the proportion of organic material is lower in a

magazine, as about 35% of its paper is of mineral origin (kaolin, calcium carbonate

etc.). This means that less wood is also required to produce 1 kg of magazine. This
results in a lower CO2 bonus per kg of magazines of -2.0 kg.

 Fibre production: Approximately 0.8 kg of CO2 returns to the atmosphere via incin-

eration or decaying of wastes. The CO2 emissions that have no impact on the climate

from the wood waste, bark and the liquor incineration in pulp manufacture used for

energy generation amount to approx. 0.6 kg of CO2. The emissions from fossil fuels

that really do have an impact on the climate amount to 0.4 kg.
Intermediate CO2 balance: -2.0 kg + 0.8 kg + 0.4 kg = -0.8 kg
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Fig. 16: The CO2 balance for 1 kg of magazines: The wood required for their manufacture
binds 2.0 kg of CO2 in the forest. Less CO2 is bound in the finished product than
was released from fossil fuels during the manufacture of a magazine. In 1994
about 60% of the paper was re-used. At the end of the fibre's life cycle, the
manufacture of one kg of magazines produced emissions having an impact on the
climate of 1.8 kg CO 2.

 

 Paper manufacture: In addition to 0.8 CO2 from fossil fuels with an impact on the

climate, 0.4 kg of CO2 are output from renewable sources. 
Intermediate CO2 balance: -0.8 kg + 0.8 kg = 0.0 kg

 Printing: The energy consumption in the printing process releases 0.5 kg from fossil

sources. Approximately 0.1 kg of the original CO2 bonus is lost because waste news-

print leaves the process (no impact on the climate).
Intermediate CO2 balance: 0.0 kg + 0.5 kg + 0.1 kg = +0.6 kg

 Distribution: The newspaper industry produces another 0.1 kg of CO2 emissions per

kg of printed products by means of diesel and petrol consumption. 
Intermediate CO2 balance: +0.6 kg + 0.1 kg = +0.7 kg

 CO2 balance at the point of reading: The magazine as read by the reader has a CO2

balance of +0.7 kg per kg. It therefore binds less CO2 than was caused by its produc-

tion in terms of emissions from fossil fuels. As we have already seen in the "Strategic

field - energy", this result depends strongly on the mode of energy generation involved.
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 The end of the life cycle: Approximately 40% of the paper ends up as waste. It is

either incinerated or decays in a landfill. Approximately 0.4 kg of the CO2 bound in the

product is then returned to the atmosphere.  
Intermediate CO2 balance: +0.7 kg + 0.4 kg = +1.1 kg

 Recycling: The remaining 60% of the magazine fibres enter a new life cycle via used-

paper recycling. However, these fibres also sooner or later end their life cycle. Thus all

CO2-binding organic materials are degraded and the bound CO2 (approx. 0.7 kg) is

released. The final balance shows that + 1.8 kg of CO2 has been released from fossil

fuels for 1 kg of magazines.  
Final CO2 balance at the end of the fibre life cycle: +1.1 kg + 0.7 kg = +1.8 kg

 Additional data on the CO2 bonus: The stepwise structure of these CO2 balances

clearly shows two aspects: in the first place it is clear that all the CO2 bound in the

wood is returned to the atmosphere again in a relatively short time. Wood or wood

products have a positive impact on the climate only if they keep CO2 bound over a

longer term. This is true also for a natural forest. In a young forest CO2 is bound

through growth of trees. The potential of binding CO2 however decreases with increas-

ing age of the forest. A tree, which remains in the forest after its death, releases the ini-

tially bound CO2 during its decomposition. Secondly, it is shown that the main advan-

tage of wood from the viewpoint of climate consists in the fact that wood waste can be

used to generate energy in the production process. It then permanently substitutes for

fossil fuels that would otherwise have led to additional CO2 emissions with a negative

impact on the climate.

 The CO2 released from renewable energy sources (wood waste, slurries, recycled fibre

sludge) makes up approximately 50% of the total CO2 emissions for newspapers and

36% for magazines. Thus the CO2 emissions from fossil energy sources with an effect

on the climate are reduced to 50% and 64% respectively. So we can speak here of a fac-

tor of 0.5 for newspapers and 0.64 for magazines in terms of their impact on the cli-

mate.

 

4.3.5. The economic potential of CO2 sinks

 The protocol ratified at the Climate Conference in Kyoto (1997) calls upon the signatory

nations to reduce their greenhouse emissions by at least five percent by the year 2008.

The baseline for this figure is the year 1990. This protocol makes provision for recording

the sum of the three classic greenhouse gases carbon dioxide, methane and nitrous ox-
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ide as well as three new groups of gases, namely hydrofluorocarbons, perfluorohydro-

carbons and sulphur hexafluoride.

 A reduction goal of eight percent applies to the European Union. The USA must reduce

its emissions by seven percent, and Canada and Japan as well as Poland and Hungary

by six percent. Russia, Ukraine and New Zealand must stabilise their emissions. Nor-

way may add another one percent, Australia eight and Iceland ten percent.

 According to the climate protocol of Kyoto, afforestation and reforestation are recog-

nised as measures for absorbing carbon dioxide. The Kyoto conference also recognised

that a global market could be created in which carbon debits and credits could be

traded. The rules which will define how such a market would operate are currently be-

ing developed. One consequence of this can in future be that instead of reducing the

greenhouse gases in a particular country - rights to afforestation can be purchased that

removes carbon dioxide from the atmosphere by means of tree growth. This is particu-

larly profitable when the price per tonne of carbon dioxide removed by afforestation is

lower than that for a tonne of emissions reduced by other measures. In pilot trading

schemes already underway, the price per tonne of CO2 is between 10 and 100 US$.

 This means that as a result of the Kyoto conference, a new field of economic activity

may be opening up for countries that have large areas capable of being reforested, and

there is now an economic disincentive against deforestation.

 In any case, this approach to climate opens up new perspectives throughout the world

to forestry and thus to the paper cycle.

 

4.4. Strategic field - water: Seeking
differentiated indicators

4.4.1. Conclusions

• The water emissions produced during the specific life

cycle of the newspapers and magazines examined here

are subject to government regulations. They are docu-

mented in the environmental reports and explanatory

publications of the companies participating in this study: STORA, CANFOR and

Axel Springer Verlag.
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• Emissions into the water represent an important sector for ecological optimisation.

Around a quarter of all environmental impacts due to a newspaper or magazine

during its entire life cycle are accounted for by this sector.

• The greatest impact on the water is due to the extraction of fuels used for energy

generation such as oil, natural gas and coal as well as to the operation of refineries.

• The second greatest source of impact is in the manufacturing processes for chemi-

cal pulp and printing paper.

• The ecological evaluation of the emissions shows that the water impact by or-

ganochlorides (AOX) contained in the waste waters from modern paper and

chemical pulp mills is of minor importance compared with the total impact pro-

duced during the life cycle of printed products.

• The factor "AOX-plus" developed within this study allows a differentiated evalua-

tion of AOX emissions from modern chemical pulp mills to be made for the first

time.

 

4.4.2. Present situation

 Publication of emission figures: Investment in modern installations for the manufac-

ture of pulp, paper and waste-water treatment has led to a considerable reduction in

both the production and release of polluted water in the past few years. Today, infor-

mation on phenomena such as water emissions is already publicly documented in the

environmental reports and explanatory publications of numerous companies.

 Closing the cycles: For a long time, the emission of organochlorides from bleached

pulp production was at the centre of the environmental debate. They were believed to

be responsible for toxic effects on water creatures. A first step by the industry was the

conversion from using elementary chlorine bleaching (containing Cl2) to the elementary

chlorine free (ECF) bleaching process that significantly reduces both amount and

changes the types of organochlorides produced.

 A further step was the conversion to the TCF process that is completely free of chlorine

and its compounds (TCF = total chlorine free). For some time, the TCF process was

thought to be superior to the ECF process. However, the latter was refined and the wa-

ter cycles in the factories have become largely or partially closed systems, so that the

harmful emissions could be reduced still further.
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 Thus, although modern ECF pulp mills still emit small quantities of organochlorides

(AOX), the waste water no longer contains the toxic and bio-accumulating highly chlo-

rinated compounds but mostly those that are less highly-chlorinated and therefore sig-

nificantly less harmful to the environment.

4.4.3. The "AOX" sum parameter used hitherto is
too undifferentiated

 The total content of organochlorides is measured with the sum parameter AOX

(adsorbable organically bound halogens). A current problem is that the AOX method

cannot differentiate between the different toxicity of the substances and measures only

the total number of chlorine atoms. The use of a single evaluation factor (e.g. AOX) in

the ecological balance would not cover the true diversity of the emitted substances. This

would result in incorrect evaluations. Developments in the bleaching process have not

only reduced the quantity of emitted chlorine atoms but rather the toxicity of the emit-

ted substances. A differentiated evaluation is thus required.

 

4.4.4. Evaluation of modern installations with the aid of a
differentiated AOX evaluation factor

 The AOX evaluation factor developed in this project is applicable only to modern ECF

pulp mills. Within the scope of this study, the term "modern installation" refers to a

pulp mill with largely or partially closed water cycles and subsequent waste-water

treatment.

 The AOX factor developed here was based on several AOX fractions whose toxicities

could be differentially estimated. The toxicity was weighted on the basis of the propor-

tion of the individual fractions present in the emissions. The AOX factor was calculated

with the aid of the CML evaluation method that already includes several specific

evaluation methods for individual fractions. The results and the method, which is ex-

tensively comparable, are in this case transferable to Eco-indicator 95.
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Environmental loads (Ecotoxicity Water) and the Impact of AOX-
Emissions
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Fig. 17: The thin line in the circle shows the small share of AOX emissions into the water
from Kraft pulp  production in the total effects on water life. The evaluation pa-
rameter in the CML method used here is dimensionless. The Kraft pulp mill  ex-
amined use both elementary chlorine free (ECF) and totally chlorine free (TCF)
production methods. The total impacts of ECF and TCF do not differ signifi-
cantly. The main impacts come from the preliminary products, the energy used as
well as the manufacture of the chemicals.

 

4.5. Strategic field - waste paper:
Methods for the ecological evalua-
tion of fresh and recycled fibres

4.5.1. Conclusions

• Paper recycling reduces the average environmental impact

from each utilisation cycle when the environmental im-

pacts of the recycling are lower than those of the primary fibre production.

• As paper fibres can currently be recycled only about six times, a sufficient supply

of fresh fibres is essential even with the maximum use of waste paper.

 



 5 4 T h e  c o n c l u s i o n  o f  t h i s  s t u d y

• The particularly complex calculations involved in the ecological optimisation of

paper recycling depend essentially on the method used to weight the ecological

prehistory of the fibres (forest use, fibre and paper production).

• The cut-off method, which does not take account of the prehistory or subsequent

stages, yields sufficiently clear information for the ecological analysis of individual

processes such as the production of the wood pulp.

• However, the ecological assessment of entire life cycles requires the use of an allo-

cation method which distributes the environmental impacts of product manufac-

turing and waste "fairly" over the individual cycles. This cannot be done with the

cut-off method.

• An examination of the "quasi co-product allocation" represents a contribution to

the discussion on the appropriate allocation of environmental impacts within the

framework of ecological balances. It then becomes clear that no "single" method is

generally applicable, but that a suitable allocation must be selected for each spe-

cific case.

4.5.2. Present situation

 In Germany the waste paper collection system is well developed. According to the

„Verband deutscher Papierfabriken (vdp)“ the recovery rate for all paper types was

71% in 1996 (vdp: Papier ‘97, Ein Leistungsbericht, Bonn July 1997). In 1994 however

when the data for this study were being collected the recycling rate was about 60%. A

study of the „Institut für Papierfabrikation“ at the Technical University of Darmstadt,

investigated the paper and pulp massflows in Germany for 1994. The results showed

16.8 million t of total paper consumption and 9.7 million t collected and recycled pa-

per. This leads to the same figure of approximately 60% recovery for industry and pri-

vate households.

 The very complex waste paper problem however could not be investigated in details in

this study. On one hand there were not enough data available and on the other hand the

methodical basis for the evaluation of the ecological impacts of the waste paper use is

not yet sufficient.

 A central problem arising in the ecological evaluation of products involves the "fair"

allocation of the environmental impacts. When material is recycled, the environmental

impact of its production via recycling to its final disposal must be considered. The

main problem is that the life cycle of a paper fibre is not finished at the end of the life
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cycle of a printed product. This requires an allocation method which distributes the

environmental impact of the entire life cycle over all the product's (here the paper fi-

bre's) utilisation cycles. But what would a "fair" distribution look like?

 

4.5.3. The allocation problem illustrated by a plate

 The example of a porcelain plate can be used to illustrate this problem. The average

impact of plate use is calculated by adding the total impacts due to the production,

the washing up after each use as well as the disposal of the broken pieces at the end of

the plate's life and then dividing the result by the number of meals that were taken on

the plate. It would make no sense to assign the entire production impacts to the first

use of the plate, only the impacts due to washing up to the subsequent uses and the

entire impact of disposing of the plate to its final use when it is broken into pieces.

4.5.4. Cut off and quasi co-product allocation of paper fibres

 Two procedures were used in this study to find a suitable allocation method for paper

fibres:

• In the cut-off method, the impacts are added where they actually occur. Every

further utilisation cycle is thus unaffected by the production impacts. For primary

fibres, the life cycle ends before waste paper collection. The life cycle for recycled fi-

bres then begins in a new calculation. The environmental impacts are thus cut off at

precisely defined points along the cycle.

• In the quasi co-product allocation, the consecutive cycles of production and recy-

cling are treated in the same way. The sum of all environmental impacts from the

primary production to the final destruction of the fibres is distributed evenly over

all life cycles. In this way, the primary cycle and the recycling cycles are all assigned

the same environmental impacts. This is equivalent to treating a porcelain plate so

that the same impact is assigned to each meal.

 

4.5.5. Allocation variants for a newspaper or magazine

 In order to obtain a fairer distribution of the environmental impacts over the individual

life cycles of the fibres for the printed products, which are incomparably more complex

than a porcelain plate, a number of simplifications have to be made.
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 One problem arising during this calculation is that the subsequent life cycles of a fresh

fibre are not exactly known. The TMP fresh fibres, such as those produced in the Stora

plant at Hylte, can turn up anywhere in Germany in the form of a newspaper. They are

subsequently sent as waste paper to the nearest factories for processing into new paper

and cardboard. In order to obtain information about these fibres for the whole of Ger-

many, all waste paper processing sites in Germany would have to be ecologically

evaluated. The reverse is true for waste fibres. The input to a waste-paper processing

plant is supplied from all over the world. The origin of the fibres is unknown.

 Some information could be obtained if all the fibre flows in Germany for both the fresh

and secondary fibres processed into paper and cardboard were known. However, only

the information provided by the participating companies was available for this study.

A simplified system was therefore developed which illustrates the fibre cycles by using

the data from the analysed plants. This is a useful method in view of the impossibility

of obtaining exact information about the environmental impacts of the fibres over sev-

eral life cycles. However, the point was to show the effects of allocating the environ-

mental impacts as an example.

 In the simplified system described here for newspapers, the fresh fibre processes were

combined with a later recycling stage in Reisholz. This is comparable with the decision

to combine a particular washing-up method with the production of the porcelain

plates.

 The environmental impacts associated with an average life cycle depend on the sum of

the impacts of the primary and secondary production stages. In order to calculate the

overall environmental impacts due to the use of a fibre - i.e. a life cycle - a total number

of life cycles must be assumed in the same way as we might assume the life span of an

average porcelain plate. If the plate happens to have a longer life, its production im-

pacts can be distributed over more life cycles and the impact per meal consequently

falls. Following a study of the „Institut für Papierfabrikation“ at the Technical Univer-

sity of Darmstadt it is assumed that a fibre is used in average another 1.8 times after

its

primary use. A part of the fibres leaves the cycle early due to losses during the paper

life cycle. An other part of the fibres is recycled up to six times which is the technical

maximum.

 The effect of this hypothetically higher number of three utilisation cycles is thus shown

in Fig.18 for each case. However, the collection rate for waste paper that this result

would require cannot currently be achieved for economic reasons.
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 In the quasi co-product allocation, recycled fibres are usually associated with a higher

environmental impact than in the cut-off method. As the newsprint paper analysed in

this study contains many waste fibres, its environmental impact is higher than that of

the cut-off method. An increase to three recycling stages leads to a slight reduction of

the impact. The magazine paper examined in this study contains more fresh fibres than

the newsprint paper. It therefore produces a lower impact than when using the cut-off

method.

 An additional consideration for newspapers is that the recycling step in Reisholz is as-

sociated with greater impact than fresh fibre production because of the environmentally

more harmful energy mix at this site. An improved mix (e.g. Swedish conditions)

would lower the environmental impacts in the quasi co-product allocation.

 

 

Comparison of Newspaper and Magazine 
(cut off vs. quasi-co-product allocation)
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Fig. 18: Effect of the allocation method on the environmental impact of a kilogram of end
product (with no impact from forest use): Three scenarios were examined: a) The
environmental impacts beyond the life cycle were excluded (cut off), b) the fibre is
recycled 1.8 times in Reisholz and c) the fibre is recycled three times in Reisholz.
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5. Information on the production sites

5.1. Stora

 Stora is an internationally operating Swedish industrial company. Wood serves as the

main basis for the production. The production programme contains mechanical and

chemical pulp, printing and catalogue paper, fine paper and packaging materials

(cardboard, packing paper) as well as - to a certain extent - sawn timber.

5.1.1. Hylte

 Stora Hylte AB, Hyltebruk, Sweden

 capacity: total capacity: 764.000 t/yr, of that

   newsprint: 750.000 t/yr and

   packing paper:   14.000 t/yr

technical equipment: debarking machine

stone groundwood mill (SGW)

magnefite pulp mill

thermo mechanical pulp mill (TMP)

2 deinking machines

4 paper mills

various finishing equipments and packaging machines

staff: 1050 employees

 

5.1.2. Kvarnsveden

 Stora Kvarnsveden AB, Borlänge, Sweden

 capacity: total capacity: 665.000 t/yr, of that

   newsprint: 555.000 t/yr and

   SC paper: 110.000 t/yr

technical equipment: debarking machine

stone groundwood mill (SGW)

thermo mechanical pulp mill (TMP)

4 paper mills

various finishing equipments and packaging machines

staff: 900 employees
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5.1.3. Norrsundet

 Stora Norrsundet AB, Norrsundet, Sweden

 capacity: chemical pulp: 290.000 t/yr,

technical equipment: 2 chemical pulp mills

2 continuous digesters

2 soda steam boiler installations

staff: 360 employees

 

5.1.4. Reisholz

 Stora Reisholz GmbH, Düsseldorf, Germany

 capacity: SC paper: 215.000 t/yr,

technical equipment: debarking machine

stone groundwood mill (SGW)

chemical pulp bleachery

DIP bleachery

2 paper mills

various finishing equipments and packaging machines

staff: 480 employees

 

5.1.5. Kabel

 Stora Kabel GmbH, Hagen, Germany

 capacity: total capacity: 570.000 t/yr,

                        of that  wood-containing, coated web printing paper: 385.000 t/yr

 wood-free, coated web printing paper:   45.000 t/yr

 wood-containing, coated format printing paper: 140.000 t/yr

technical equipment: debarking machine

bleachery for stone groundwood

3 paper mills and coating machines

various finishing equipments and packaging machines

staff: 1’080 employees
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5.2. Canfor Pulp and Paper Marketing

 Canfor is an integrated producer of forest products, headquartered in Vancouver, Brit-

ish Columbia, Canada. The company, together with its affiliates, employs approxi-

mately 5,600 people.  They produce solid wood, engineered wood, and pulp and paper

products at sites in BC, Alberta and the north western United States. These operations

are primarily based on publicly owned forestlands in BC and Alberta where they har-

vest softwoods under a variety of tenure arrangements with the provincial authorities.

Under these tenure arrangements the company must harvest within precisely defined

limits which have historically been determined on the basis of ensuring a fully sustain-

able operation. The company has full responsibility for restoring every forest site har-

vested to a healthy free growing state. This reforestation is accomplished with native

species only.

5.2.1. Prince George Pulp and Paper Mills, BC, Canada,
Intercontinental Pulp Mill

 Pulp Capacity Chemical pulp 270,000 t/yr

 Process equipment 1 continuous Kamyr digester

1 oxygen delignification stage

ECF  or TCF bleaching technology

primary and secondary effluent treatment

 

5.3. Axel Springer Verlag AG

5.3.1. Ahrensburg

 The printing plant for newspapers (coldset) and magazines (rotogravure) in Ahrens-

burg has been validated according to the Environmental Management Audit Scheme

(EMAS) as the first printing plant in Europe. Here are printed among other products:

Funk Uhr, TV neu, Hörzu, Allegra, Journal für die Frau, Bild der Frau, Computerbild,

Auto Bild, Sport Bild und Familie & Co., Bild, Bild am Sonntag, Die Welt, Welt am

Sonntag and Hamburger Abendblatt.

 Acting manager of the newspaper offset plant is Herbert Woodtli. (address: Offset-

druckerei Ahrensburg, Kornkamp 11, 22926 Ahrensburg; Tel.: ++49 (0)4102/71-1440,

Fax: ++49 (0)4102/71-1625). Acting manager of the rotogravure is Dr. Jan-Hinrich

Clasen (address: Tiefdruckerei Ahrensburg, Alter Postweg 6, 22926 Ahrensburg; Tel.:

04102-1589).
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5.3.2. Berlin-Spandau

 The coldset printing plant Spandau has been validated according to EMAS in 1996.

Here are printed among other products: Berliner Morgenpost, BZ, BZ am Sonntag, Bild,

Bild am Sonntag, Die Welt and Welt am Sonntag.

 Acting manager is Claus Pengel (address: Offsetdruckerei Spandau, Brunsbütteler

Damm 156-172, 13581 Berlin; Tel.: ++49 (0)30/2591-4001, Fax: ++49 (0)30/2591-

4003).

 

5.3.3. Darmstadt

 The rotogravure Darmstadt has been validated according to EMAS in 1996. Here are

printed among other products: Bildwoche, Hörzu, Sport Bild and Bild der Frau.

Acting manager is Dr. Heinrich Witting (address: Tiefdruckerei Darmstadt, Hartring

98, 64295 Darmstadt; Tel.: ++49 (0)6151/383-130, Fax: ++49 (0)6151/383-169).

5.3.4. Essen-Kettwig

 The coldset printing plant Kettwig has been validated according to EMAS in 1997. Here

are printed among other products: Bild, Bild am Sonntag, Die Welt, Welt am Sonntag.

 Acting manager is Jürg Hübenett (address: Offsetdruckerei  Kettwig, Im Teelbruch 100,

45219 Essen-Kettwig; Tel.: ++49 (0)2054/101-303, Fax: ++49 (0)2054/101-319).
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6. Reference to other publications within this
project

 This on hand report is also available in German and can be ordered free of charge at

every contact person (see below) 7).

 The main report„LCA Graphic Paper and Print Products” is in English and can be or-

dered for a fee of DM 30.-, sFr. 30.- or CAN$ 30.- at every contact person. The report

consist of two parts:

• Part I: Proposal for a new forestry assessment method in LCA

• Part II: Report on industrial process assessment

7. Contacts

Stora

Klaus Krokowski
Leiter Umweltschutz
Gladbacher Straße 189
D-41747 Viersen
Tel. ++49 2162 937906
Fax ++49 2162 937999
e-mail:
klaus.krokowski@stora.se

Jan Bresky
Research Manager Environ-
ment
Södra Mariegatan 18
S-79180 Falun
Tel. ++46 23 788202
Fax ++46 23 788282
e-mail: j.bresky@tkf.stora.se

Börje Pettersson
FD, Naturvord, Stora Skog
S-79180 Falun
Tel. ++46 23 80547
Fax ++46 23 80677
e-mail:
borje.pettersson@stora.se

Canfor Pulp and Paper
Marketing

Mike Bradley
Director Technology
2900-1055 Dunsmuir St.
PO Box 49420 Bentall Post Stn.
Vancouver BC Canada V7X1B5
Tel. ++1 604 6615264
Fax ++1 604 6615226
e-mail:
mbradley@mail.canfor.ca

INFRAS AG

Daniel Peter
Projektmanager LCA
Gerechtigkeitsgasse 20
CH-8002 Zürich
Tel. ++41 1 2059522
Fax ++41 1 2059599
e-mail: dpeter@infras.ch

Axel Springer Verlag

AG

Herbert Woodtli
Leiter Zentrales Be-
schaffungswesen
Axel Springer Platz 1
D-20355 Hamburg
Tel. ++49 40 34723276
Fax ++49 40 34726338

Florian Nehm
Referat Umwelt
Axel Springer Platz 1
D-20355 Hamburg
Tel. ++49 40 34726157
Fax ++49 40 34726130
e-mail: umwelt@asv.de
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