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Substudy No. 15

Case Study: Analysis of Waste Paper Recycling
and Disposal Options in Germany

PREFACE

Al the reguest of the International Institute of Environment and Development
(LLE.D.), London, the Department of Paper Science and Technology (IfP) at the
Darmstadi University of Technology in Gernany has prepared this substudy in the
framework of the subjects Recycling, Energy Recovery znd Final Disposal, The

~ substudy focuses on the current situation and future trends in Germany with respect

to the following areas of the paper chain which are marked in Fig. O:
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* Recovery (collection) and recyeling (utilization) of waste paper with particular

reference 1o its processing in the paper industry.

» Energy recovery based on non-recyclable waste paper as well as the waste

material from waste paper processing in the paper industry.

« [fiilization of the waste marterial from waste paper processing in other industries

and agricuimre.
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« Disposal of non-recycled waste paper and waste of privare houscholds as well as
waste material from waste paper processing paper mills by dumping,
incineration and composting.

Germany was chosen as a case study because of the following features. of partcular
relevance to indusirialized counuies:

» Following the USA and Japan, Germany is the third-largest conntry with respect
to the volume of waste paper collected (9.7 million tonnes in 1994) and urilized
by s paper induswry (8.2 million tonnes). The German waste pager utilizadon
rate of 536 percent is even higher than in Japan (33 percent) but at the same level
comparsd with the European Unien (12 mernber states) before its expansion by
Austria. Finland and Sweden in 1995.

» In Gemmany legislanon on recovery and recycling of waste paper and waste
management issues including landfilling, incineraton and its emissions is
regarded as demanding and advanced in the global contexr,

» The requirements of environmentalists and particularly of Greenpeace Germany
regarding the total paper chain inciuding recovery and recycling of waste paper
ant Dinal disposal of waste are most stringen:,

» German soclety, as well as Jocal authorities, the governments of the 16 Federal
States {Linder), and the Federal Government are demanding enviromrmnental
prolgction measures. These cover the paper chain with regard to nature-oriented
farestry. chiorine-free pulping. environmeniallv sound papermaking, based on a
high proportion of recycled fibers, and the disposal of industrial waste and non-
recvclable wasie paper, which cannot be landfilled at the latest by the vear 2003,
{This requires combustion of any organic waste prior to landfilling of the ash.)

Regardless of the external forces directed towards an intensified recovery and
recveling of waste paper. the economy of the German paper industry is significantly
affected bv the availability of cost-competitive waste paper as its most important
raw material by vohmme, Loctal puipwood is not cost-compettve on the
international scale and power costs are extremely high, compared with inernational
competitors. Consequently, mechanical pulping became increasingly uneconomic
and recycled fibers as a substimre for virgin mechanical pulp therefore improved the
economy of newsprint and other wood-containing (that is - mechanical pulp
containing) papers. Furthermore. manufacturing of packaging paper and board is
only economic when recycled fibers are used to a high extent because there are,
apart from a few sulfite pulp mills. no kreaft mills in Germany. Almost 50 percent of
chemical pulp raquired by the German paper industry must be therefore imported.
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Generally speaking, the demands of legislation and environmentalists as well as of
the public and political forces support intensified waste paper recycling by the paper
industry. Based on the utilizadon of recvcled fibers 1© a high extent, the German
paper industy keeps amd swengthens its competidve position on \he Eoropean
market place thanks to the availability of waste paper as raw materjal. This raw
material is permanently generated within short distances of the waste paper

processing paper mills by recveling-minded end-consumers and further sources such
as indusiry and wade,

CHAPL_ADOCAROZ. 1997




EXECUTIVE SUMMARY

Waste paper is an indispensibie raw material for the global paper industry. Its
utilization Is mainly driven by economic forces. More recently, legal and ecological
factors are playing an increasingly important role in different countdes. In 1993
abowut 100 million tonnes of waste paper were used globally for the production of

250 rmullion tonnes of paper and board. This corresponds te a waste paper utilization
rate of 40 percent.

Since 1980 the growth of waste paper consumprion was more significant than the
growth of the consumption of virgin pulps. The waste paper udlization rates differ
by country in a range berween 10 percent {e.g. Finland, Norway, Sweden} and 100
percent (&.2. Denmark, Hongkong, Singapore, Taiwan). However, the growth of
wasie paper consumpiion realized in the past will not continue in the medium-~ to
long-term because of the shortage of suitable waste paper grades, further increasing
prices of waste paper and its effect on the quality of paper produced. based on
recvcled fibers, Therefore. it is supposed that in the next decade there” will be
achieved & balance betweszn recycled fibers and virgin pulps in paper manufacmring

in those regions of the world (e.g. Evrope, Japan) where a high utilizadon rare is
already artained.

Germany is the third-largest consumer of wasie paper (8.2 million tonnes in 1994)
characterized hy a wasre paper unlization rate of 36 percent starting at 30 percent in
1930. A realistic final [evel will be reached ar almost 635 percent in the next decade,
(Germany is an interesting case stady because of its network of legal requirements
supporting  intensified waste management and a comprehensive produoct
responsibility of the towl paper chain due to lesislation. Futthermore. waste
management and saving of resources (primary energy, raw materials. warer) and
ervironmentaily compatible processes are demanded by environmenelists and
finally requested by the public. affecting politicians and govemnments.

In the framework of the stll valid Waste Management Act (1986), followed by the
Recycling and Waste Management Act (1996), the Federal Govermunent is
empowered to issue regulations with reference to waste management. One of the
first ordinances issued in 1991, is the Packaging Ordinancs, followed by the
Voluntery Agreement of the graphic paper chain concerning to products made of
printing and writing paper in 1994. According to these regulations, at least 60
percent of packaging material (in terms of sales packaging) and 60 percent of
printed matter (news, magazines etc.} and office waste must be collected and nsed
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by the paper industry at home as well as abroad. Taking other packaging material
into account (ransport packaging such as cormugated containers) the collection rate
must be on average as high as 80 percent. Already in 1994 the target figures have
been realized or even exceeded as in the case of printed matter and office waste (62
percent collection rate),

According to the Municipal Waste Management Provision (1993}, landfilling of any
organic maiter, including non-recyclable waste paper or waste material from waste
paper processing and paper manufacturing, will not be permitted ar the latest by
2005, Landfill sites must be regarded as uncontrolied {anaerobic) bio reactors with
their emission of methane and leachate polluting the atrnosphere as well as surface .
and ground water, The alternatives to landfilling are incineration for the benefit of
tnergy recovery- either in municipal incineration plants of in indusitial power plants
- and the ntlization of non-recvclable waste paper and waste material of the paper
industry as a raw material for the cement indusuy or brick works. A smaller
proportion of the waste material as well as of non-recoverable wast paper can be
converted into compost together with co-substates (e.g. biowaste from households).

Ag far as the waste material from waste paper processing is concerned (one million
tonnes air-dry substance in 1994 which corresponds to a proportion of 12 percent
related 1o the total volume of waste paper processed), it is percentagewise of the
same order as in mechanical pulping (e.g. bark) and much less than with chemical
pulping (e.g. bark, spent liquor). The challenge of the wasi¢ material from waste
paper processing is to ensure its freedom from harmful substances such as heavy
metals and chloroorganic compounds (e.g. PCB. PCP, FPCD/PPCF). Nowadays, the
most significant sowree of heavy metals are fillers and pigments used in previoos
papermmaking, because printing inks became increasingly cleaner in the last two
decades with the exception of copper-containing blue pigmments. Chloroorganic
compounds are also of minor importance thanks to the introduction of ECF and TCF
pulps or of wet-stength agents with a low AOX content (epichlorhydrine
compounds). A remaining source of AQX are yellow diaryl pigrmemts which are,

however, characterized by an exiremely stable matrix, restistant against any
microbjological attack.

Affected by 'legislatinn and the establishment of the private organisation named
Dual Systemm Germany DSD (responsible for packaging material) Germany is
covered with a very dense network of collection systems for paper, plasucs,
composite materials, glass and metals. Thanks to that strategy, a waste paper
collection rate of 59 perceni (1994) has been achieved, Private households and small

CHAPE_ALHMZ 700, 1997



comunercial enterprises contribute a major proportion to the total volume of
collected waste paper. The collection rate with respect to the indusiry (paper
convertng and graphic art industries) is almost as high as 100 percent as is also the
case with distribution. Not vet fully exploited waste paper sources are offices and
privaie households.

In one possible future scenario, it is supposed that an ultimate collection rate will
approach 70 percent which is, however, equivalent to a praciical collection rate of
82 percent considering that 17 percent (2.9 million tonnes) of used paper products is
not at all recoverable such as products made of sanitary papers and specialty papers
and a small proportion of graphic paper stored in archives or libraries.

In the context of waste paper collection it must be emphasized that the coilection of
- packaging material is subsidized by licence fees (Green Dot fees), in the first place
paid by the packaging chain and ultimately by the end-consumers. It is not vet
decided how the collection of printed matter will be finally organized and financead
bv the graphic paper chain. So far, graphic papers are collected and waded along
with the subsidized packaging materials by traditional waste paper dealers as well as
by the more recently established waste management industry. The collection of this

proportion of waste paper recoverd from households is partly financed by the
communities.

Industrial processing of the 40 different waste paper grades in Germany became a
rather sophisticated but cost-competitive technology which aims in the first place at
careful cleaning and screening procedures in order to eliminate different types of
impurittes including printing inks {by deinking) and stickies besides plastics, metals
ete.. Apart from investment cosis, energy consumption {mainly in terms of power
constmption) i$ an important cost-relevant feature. The main target of waste paper
processing is the upgrading of recycled fibers at low energy costs and a minimized
proportion of waste material generated by siock preparation. The recycled fibers in
many paper and board grades are the only stock component and they must fulfil high
quality requirements hecause the paper produced has to compate with paper made
torally or partly of virgin fibers.

In the last decade optical and mechanical characteristics of recvcled fibers, based on
the predominant (by volume) wastz paper grades {e.g. sorted mixed wasie,
departrment store waste) did pot decline. In fact they show 2 trend of quality
improvement due tc a certain change of the fiber composition of such waste paper
grades. Waste paper for DIP (roughly 50 percent news and 30 percent magazines),

CHAPI_A DN 0.02.1997
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being almost totally the furnish for newsprint or recycled graphic paper
manufactured in Germany, is characterized by optical and mechanical properties in
the range of those of high quality mechanical puips since they contain a significant
proporuon of (recvcled) chemical pulp fibers.

Thanks tc paper import, mainty from the Nordic countries, the German recycling
systern 15 refreshed oy pulp fibers of the first generation. For example, in the case of
newsprint more than 30 percent of the German consumption is imported containing
murch less recveled fibers than newsprint manufactured in Germany. Because of that
permanent siream of imported paper Germany can realize a higher waste paper
utilization rate (currently 56 percent) than Japan (stagnation at 33 'percent) which is
a closed national system with almost no paper or waste paper imports. On the other
hand, the German paper industry, being in competition with other papermaking
counuies has to meel high quality standards for paper made of recycled fibers,
serving a demanding market in terms of the packaging maierial and the graphic art
industries.

The proportion of recycled fibers varies signiftcantly between the main groups of
the German paper producuon. Packaging paper and board have almost reached their
saturation point (94 percent waste paper utilization rate) as well as specialty papers
{44 percent wasie paper milization raw). In the case of sanitary papers (6% percem
waste paper utilization rate) a further increase of this rate approaching approx. 80
percent might be realistic. A further increase is supposed with respect to graphic
papers {28 percent wasie paper utilization rate) approaching an average of 40
percent waste paper utilizarion rate in the medinm-term. Newsprint is already made
of 108 percent waste paper which comesponds to a proportion of about 90 percent
recycled fibers due to a yield of 83 percent and a material loss of 13 percent,
respectively. In the longer werm. wood-contaiming printing papers (e.g. 3C- and
LWC-papers) might use approx. 25 percent waste paper or contain 20 percent
recycled fibers.

Rejects and sludges from waste paper processing lead to a volume of waste material
of one million tonnes air-dry substance and two million tonnes with a dry content of
43 percent, respectively. So far, 40 percent of this waste material is bumt in
induswial planis in combination with other residues for the benefit of energy
recovery, A further volume of 40 percent is used as a raw material for
manufacuring consyuction materials (brnicks, cement) or for compastng or ather
biclogical utilization. Not more than 20 percent of the waste matertal must be still
dumped on landfills which is the most expensive disposal procedure. Because of the

CHAPI_A.DOCI0.02.1957



requirements of the Municipal Waste Management Provision landfilling must be

substituted by {induserial) incineration making use of the heating value of organic
waste,

Today sull 70 percent (three muilion tonnes) of non-recyclable waste paper is going
to landfilling. In the future a proportion of this dumped waste paper volume will be
partly wreated by municipal incineration and partly by industrial combustion making
use of the heating value of waste paper, which is half of that of hard coal.
Alternatively, the volume of waste paper intended for industrial combuston might
be used as raw material for paper manufacturing at home and abroad. A smalier
proportion of non-recyclable waste paper will serve as a raw marerial for
composting (0.8 million tonnes), as a co-substrate of biowaste from households
(five million tonnes) contributing to an improved performance of the material for
composiing. According (0 one scenario, it becomes evident that there is no necessity
to controf excess waste paper by industrial cornbustion with energy recovery.

The effect of recycling on mechanical characteristics of recyeled fibers and paper

made of recycled fibers is marginal as long as the fibers are not recycled more than
about six gmes. This is the case with furmishes consistng of mechanical puips or a
mixrure of chemical and mechamieal pulps. On the other hand. optical characteristics
are affected 10 a certain extent as long as no effective muli-stage uperading

measures In wasle paper processing are applied (e.z. muld-stage deinking,
dispersion. bleaching}.

With respect to deinking the type of printing inks plays an important role. Water-
born flexo inks are unsuitable for an effective deinking by flotation. Furthermore,
natural vehicles of printing inks (e.g. soybean ocil. rape oil) are more deinking-
resistant than miperal oils. Recyclability of waste paper is impaired by certain types
of adhesives which become stickies in the pulp slurry and the paper made of that
pulp. Further research work is required particularly with respect to adhesives which

should be transformed into particles suitable for their removal by cleaning and
screening technology. |

Environmentalists call for a further intensified waste paper utilization by the paper
industry. Particularly Greenpeace Germany sets a target figure of a waste paper
utilization rate of 75 percent to be achieved in a perod of time of five years, at the
latest by 1996. Furthermore, Greenmpeace demanded a reduction of the paper
consumption in the range of 15 percent, criticizing the intensive use of paper for
advertisement. However, currently the green movements give priority to forest
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issues and are currently 10 a Jesser extent involved in campaigns related to waste
TNANAZLINEnL O Wasie paper issues. They are aware that legislation sets new waste
paper recavery and recycling targets and that the paper industry makes progress with
further increased utilization of waste papet.

In 1994 the siation of waste management in Germany and in the German paper
Industry 15 charactenzed by the following figures:

* 36 percent waste paper ytilization rate (38 percent in 1993)

» 39 percent waste paper collection rate {66 percent in 1993)
¢ 1.5 million tonnes waste paper net export (1.9 million tonnes in 1995)

* 4.2 million ronnes of waste paper to be dispased of by landfilling (3.0
iillion tonnes) and municipal ipcineration {1.2 million tonnes)

* 2.0 million tonnes of waste material frorn waste paper processing.

¢ About 40 percent of this waste material is burnt and 40 percent used for
compostng and 50l spreading or as a raw material, so that only 20 percent
is left for (costly) landfiiling.

Scenario ! aims at an intensified waste paper collection approaching 2 rate of
70 percent. Because landfilling of organic mateer is not anymore permitted in the
futare, the volume of non-recyclable waste paper must be burnt partly in industrial
combustion plants and partly in municipal incineration plants. With reference (o the
heating value and price of hard coal and taking the costs for waste paper pre-
reatment (pelletizing) into account, the price of waste paper to be burnt in industrial
power plants must be very low or even negative, which is much less than can be
recovered in the rmarket place in the case of wasle paper as a raw material for the
paper indusiry. This means that wasie paper 35 2 foel is not cost-compentive
compared with 1ts sales price in the market place. In the case of waste material from
wasle paper processing it is, however, economic to burn it in induestrial power plants
because the costs for landfilling (if permitted) are in most areas significantly higher
and further increasing. Even at a high ash content up to 50 percent and at a dry

content of 50 percent waste materials can be burnt without any additional (fossil)
fuel contributing to energy recovery.

Considering legal and ecomomic forces in the framework of future waste
management 1ssues, scenario 2 sets the followAng rargets:
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63 percent waste paper utilization rate

70 percent waste paper collection rate

2.0 million tonnes waste paper net export

{.8 million tonnes of waste paper for composting

The remaining waste paper voiume of 1.7 mullion tonnes for munjcipal
Incineration.

The overgll costs for waste paper disposal are finally less with scepanio 2 compared

- with the current situation. The environmental impacts of scenario 2 are
advantageous compared with the current Sitwation as far as air-born and water-porn
emissions are concerned, whereas the generation of waste material from waste paper
processing is increased by 40 percent. However, two thirds of that waste material
will be burnt in industrial boilers and one third used as raw material for building
material or other purposes, avoiding any disposal by landfilling.

In the case of lower waste paper grades, which dominate by volume, the costs of
collection and seorting are exceeding the market price of most waste paper grades
paid by the paper industry. In this context one must bear in mind that a proportion of
weste paper. namely from households as packaging material (sales packaging), is
subsidized by the corresponding paper chain which means by the end-consumers.
This subsidy is organized by the Dual System Germany which charges licence fees
from the comresponding paper chain. On the other hand the communities are
financing the collection of products made of graphic papers (e.g. news, magazines)

avoiding costs for more expensive disposal of waste by landfilling or municipal
incimeration. '

The German public is quite familiar with separate collection of waste paper thanks
to the establishiment of conainers in public places (carry system) or of bins in
individual households (pick-up system). Most communities are equipped with
household bins for the joim collectior of packaging material, news and magazines
which must be then separated by manual sorting to be used as raw material for the
manufacurmg of graphic papers and sanitary papers. On the other hand the
producers of packaging papers and board require unseparated waste paper muxtures,
which benefit the properties of these grades produced. The private households must
not only be regarded as consumers of paper products bur at the same fHme as
producers of waste paper as a raw material. They are prepared to intensify waste
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paper collection even to the extent that there has to be on-site separation into
different paper grades according to the requirements of the paper industry.

The progress of the German paper industry depends 0 2 sigmificant extent on the
availability of large volumes of cost-compesitive waste paper. Legislation requires,
apart from waste avoldance, increasingly intemsified recycling of used products
including wasie paper, alming at the saving of resources (energy, raw materials,
water) and the reduction of emissions (to air and water) and controlled generaton of

solid waste which has to be disposed by incineration or utilized as a raw material in
other industies (mannfacturing construction materials),

In Germany there are ¢xcellent prerequisites for intensified collection and recycling,
because it i$ a densely populared couvnry with 2 highly develaped infrastruenyre and
short distances berween wasie paper sources and waste paper treatment sites. The
German paper recycling system makes use of a large quantity of imported paper
made of a higher proportion of virgin pulps. The imported paper conmibutes 0 &
permaneni refreshment of the recyeling system resuiting in paper made of recycled
fibers which fulfils adequate quahty characteristics and therefore the requirements
of a demanding market and quality-minded end-consumers. .
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INTRODUCTION

For more than 2000 years paper has been made of natural fibers, both virgin as well
as recycled fibers. In the past, European papermakers recycled fibers from rags
which were themselves based on flax, hemp and cowon. Later they recycled
handmade writings for the manufacwring of lower paper grades (Fig. 1.1.-1).
Increasing demand for raw material, caused by growing paper consumption and
more productive paper manufacturing on the then newly developed Fourdrinier
machines. led to a shortage of rag in the nineteenth century, This limited availability
of the traditional fiber material simulated inventors in Western Europe as well as in
North America to search for alternative fiber sources. The researchers concentrared
their efforts on readily available wood aiming at its separation into single fibers.
which resulted in the development of wood pulps. The first to succeed in the
defibration of wood by means of 2 stone grinder was the Saxonian KELLER. This
mechanical pulp was a poor substitute for the almost lignin-free, non-vellowing and
long rag fibers due to its infedor strength properties and optcal performance.
Probably independently from each other, the American TILGHMAN, the Swede
EXMAN and the German MITSCHERLICH had been successful in the weatment of
wood with chemicals such as calcium or magnesium bisuifite, which resulted in a
delignified pulp with superior strength properties compared with mechanical pulp.

Papermaking in Europe

« Economy of Recycled Fibers

1250-1875 Recycled Fibers {First and globally valid priority)

Rag: Flax, Hemp, Cottan)
Since 1860/75 Virgin Fibers

{Mech. and Cherm. Woodplps)
Since 1950 Increasing Utilization of

Recycled Wood Fibers

¢ Ecoiogical Issues
{Medium priority, €.9. energy saving
compared with mechanical pulping}

* Legal Requirements
(Gipbally low priority, but in individual

~ Recycling in Germany
"1850 30 % WP, ilization Bata countries high priority as in Gemary)

NN AN,

1965-1988 45 % W.P. Utllization Rate _
1994 56 % W.P. Utllization Rate ¢ Eco-Marketing
2000 > 60 % W.P. Utilization Rate {In certain coumtries increasing
significance)
- _ Wasta Papar Usad
W.P, Litflization Riate = “Faper Procumon” 100 (%]
' g i
f'@ .11 Recycled Fibars 25 Raw Materal 1$5 rrm LL-Z( w:;;;“ ;g::mm“ fwn t95s |
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The German DAHL perfected the sulfate process, with the recovery of chemicals
and energy, originating from the soda process. However, this kraft process became
the most prominent pulping technology cnly after chlorine dioxide, identified as a
selectve and strength maintaining bleaching agent, was first applied in the 1940s .

Since the middle of this century, these virgin pulps have been increasingly replaced
by recycled wood pulp fibers, because of their availability and cost-competitiveness
in terrns of waste paper prices and processing costs in multi-stage treaunent in the
paper mills, The economy of processed recycled fibers pfays the key role in most
parts of the world (Fig. 1.1.-2).

Nowadays, ecological issues, legal requirements and marketing are becoming more
stgnificant as additional factors. Thas is particolarly the case In Germany since the
eighties. In certain countudes the collection of waste paper and urilization of recycled
fibers is not only driven by economic, eoclogicel and legal forces, but alse by
demands of environmentalists - amplified by the media - who are affecting |
politicians a¢ well as the public. Considering this network of different driving
forces, mciuding emotions, Germany is one of the counides which strongly believes
i the necessity and feasibility of perfectly conrrolled waste management in 2
recycling-minded society and an industy aiming at sustainable development. In this
context one must bear in mind that Germany was faced with severe shortage of
many tesources during and after both World Wars. Shorage of raw marerials at the
beginning of this century {1914 - 1925} and in the fortes (1939 - 1948) gave
impetus to effective recovery efforts collecting texiiles, paper, glass, meral, and
further used material. The former GDR continued such politically stimulated
recovery ang recycling activities for another forty years undl reunification in 1990.
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1 Current Situation and Furtire Trends
L1 Legisiation on Recovery, Recyeling and Disposal
Fig, I.1.-3 and Fig. 1.1.-4 show the current legal background with reference to
+ Recovery and recyeling of waste paper
+ Municipal waste management
+ Industrial wasle management
in Germany. These legal measures will be discussed in the following sections.
f_ me Wanagemant Act [1984] ]
Waste Management Act (1986) ® Aypidance of Waste
P # Recycling of Waste
2 |— Packaging Ortinance (1951) | ® Emvironmentzly-rendh Dispas of Wests
B! Packaglng Ordinance (1991)
3, - Voiuntary Agreement {1994
[ Lo greement ¢ _” & Sefs Recovery Targers for Recydling
T — . {a.9. B0 % Recavery of Sales Packaging by 2004)
i |Municipal Waste Management

{ Frovision (193372009

Federal Emission Cantral Act {1674) |

13th Reguiatian for arge
Corrbusion Plants = 50 W

Regulations

| 17 Regulation for Combustion
I Plants for Waste and simitar
I

Materials

i Air Protection Provision —I.

I Legal Background for Waste w
Fu. 1'1'41 Waragemert in Gemary DEaS 1985

Proposed Wiasta Faper Ordinance wae
replaced in 1894 by

Valuntary Agresment of the Graphlc Papar Chain
{1954

® Sets Fecovery Targeis far Recyding
{60 % Fecovery of Printed Mattar & Difics Wasts by 2000}

Recyellng and
i Waste Managemeznt Act [1955)
& Replaces Waste Management Act of 1986
and Ajms at Cenprehenshwe Product Responslbility

Municlpal Waste Management Frovision {1983}

#* By 2005 no Solitts most b Lanafiley thar
Contain mard than 5 % Omganle Matier

Fig, 1.1.4 Legislation an Aecavery and Retyding &
\ ot Waste Paper K

1.1 Wasre Management Act (Abfallgesetz) (1986)

In Germany the still valid legal reference for waste management, including waste
paper issues, 15 the Waste Management Act, in force since 1986, focusing on the

following targets:

¢ _Avoidance of waste
* Recychng of wase

* Environmentatly-friendly disposal of (residual) waste.
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Already m 1972 the Waste Disposal Act {Abfallbeseitigungsgesetz), which must be
regarded as the precursor of the Waste Management Act, was epacted. Not uncil
1986 had the above mentioned targets of avoidance, recycling and disposal of waste
been incorporaied n this original act in the framework of 1ts fourth amending law
(Vierte Novelle). Thanks o these modifications the precantionary principle was
given first priority in order to sirengthen the philosophy of waste avoidance. This
principle of precaution must be translated into action, for example, by separate
coliection of recyclable components of household waste, such as paper, plastics,
glass and metals. This principle of separaticn into racyclable companents refers also

to any industrial waste, including waste generated by waste paper processing. paper
manufacturing and paper converting.

LL2 Packaging Ordinance { Verpackuﬁgsvemrdnung) (1991}

In the framework of the Waste Management Act, the Federal Government is
empowered to issue ordinances. In 1991 the Packaging Ordinance was enacred.
requiring the collection, recovery and recveling of 100 percent of pre-consumer
packaging waste (broke and cuttings of convering plants as well as transport
packaging) and 64 percent of post-consumer waste in terms of sales packaging at
the end of this decade. Currently, the ordinance is under revision because of the
implementation of the EU Packaging Directive and because of complaints from
German industries and trade as well as from the Federal States.

With reference to the total volume of consumed packaging material, based on paper
and board, this means finally a compulsory recovery rate of more than 80 percent o
be achieved at the latest by 2000, Recveling of the recovered volume of pre-
consumner and posi-consumer packaging waste is permitted to be undertaken in
German industries {even outside the paper indusiry) as well as shroad. If 80 percent
of the consumed packaging is exclusively utilized in the German manufacturing
packaging paper and board induswy, the recycling rare would exceed 100 percent
because Germany is a net importer of such paper and board srades.

The respousibility for the collection of other waste paper - such as printed matter
(e.2. news or magazines) from privaie households and small comrmercial ERIETpIISEsS
- remains with local authorities whereas the collection of used packaging is no
longer within e communities’ responsibility. Collection of sales packaging - mads
of paper and board, composite materials, plastics, glass, metals - must be organized
and financed tarough a privale organizaiion named Duales Deutschiand GmbH

CHAPL A DOC/0.02. 1997
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{DSD). This agency was established in the early nineues by industry, wholesale
trarde and retail organisations for that purpose. DSD signed cantracts with different
types of waste collectors who mun the collection and recovery business and are
satisfying the domestic as well as the international markets.

In the next step the Federa] Government issued in 1994 a further act which the
authors of this substudy call Recycling and Waste Management Act and which is
entitled 'Closed Substance Cycle and Waste Management Act' (Kreislaufwirtschafts-
und Abfaligesetz) (see chaprer 1.1.6). This act with Its 64 paragraphs is much more
comprehensive in its regulatory scope than the Waste Management Act, which will
be replaced in 1994, although some artcles already came inte force in 1994, Aiming
at a comprehensive product responsihility, the object of the new act is to implement
a further improved recycling management in the Ecological and Social Market
Economy of Germany. The product responsibility of manufacturers and distributors
of consumer goods sheuld guarantee the development and production of
environmentally sound products. To accomplish these targets the Federal

Government 1§ anthorized to issue recovery and recycling reguladons, as already
latd cut in the Packaging Ordinance. '

113 Voluntary Agreement (Freiwillige Selbstverpflichtung} (1994)

In the early pineges the Federal Governmenr and its Ministry for the Environment,
respectively, contemplated a finther, exclusively paper-related ordinance seming
goals for recovery and recyeling of graphic paper (news and magazines, office
paper). However, this intensively discussed Waste Paper Ordinance was not
enacted. because the German graphic paper chain (Flg. 1.1.-3), represented by the
associations of German paper manufacturers, of paper imporiers and wholesalers,
printers, publishers and odiers, socceeded in negotations with the German
Government in producing a Voluntary Agreement on recovery and recveling of used
graphic paper in terms of printed maiter (news. magazines, directories, catalogues,
brochures, ingerts, direct mail ete.) as well as office waste (e.g, copy paper and
computer printouts),

This three page agreement, signed and enacted in 1994, sets targets in collection
rates for recycling as a percentage of the annual consumption of graphic papers
(Fig, 1.1.-6). According to this Volintary Agreement, the recovery rate of used
graphic papers and office waste muist be increased from 53 percent in 1994 10 60
percent in 2000 which seems 10 be an easily attainable schedule. In 1994 the
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recovery rate of used graphic papers and office waste already exceeded 60 percent
achieving 62 percent. Therefore, it must be expected that the voluntarily agreed

recovery rates will be reviewed by the Federal Government and its Minisuy for the
Environment.

Recovery Rates
Member Organisations of AGRAPA of Printed Matter and Dffice Waste

{AGRAPA = Workitig Group of the Graphic Paper Chaln) {refated to Total Consumption
- of Graphit Pater in Gefmaty)

- * By Dec. 1954 53 %

F

* Seman Pulp and Paper Association VRF v Jan. 95 - Dec. 96 55 %

® Getran Paper Import Association WOP| ® Jan. &7 -Dec. 89 589%

# fAssociation of Gemnan Papsr Wholesalers ¢ From Jan. 2006 B0 %

® German Printing Industry Federation * Recovered Printed Matter and

e Assodiation of German Newspaper Publishers Cffice Waste can be used in

® Association of German Magazine Editors the German Paper Industry and in

» Assasiation of German Advertising Papars Foreign Paper Industries as well

® Federation of German Book, Newspaper and * Recovered Printed Matter ?“d
Magazine Wholesalers Office Waste can be usad in

Manufacturing of any Paper Grade
{Printing and Writing, Packaging }

& Saman Fublishers and Booksellers Assaciation Paper and Board, Sanitary and Specialty Paper)
and in gther Industries as weil

» Association of the Gamman Mail Order Traders

™ o s itF Volurtary Agreement on Racvey | 1
Flg.{.1.5 B _GEi'mE.ﬂ roanisatons invobed 1995 |P9-126|  and Racyding of Printed Matter and 1955
in the Volurtary Agreamant ke Officss Waste ez

The collected products based on used graphic paper can be reused for paper
manufacturing either in Germany or abroad. Furthermore, recycling can be

performed in any paper and board grade or in further materials such as moulded

products or particle board. Considering these goals, the approach of the Voluntary
Agresment can be regarded as liberal because it does not force the paper indnstey to
produce paper and board with set waste paper utilization rates of indifvidual paper
and board grades. To aveid alternative (unlimited) utilization of recovered paper -
particularty for energy recavery - the Voluntary Agreement is a positive ool
beneficial for the paper indusiry as long as the collection and recycling targets are
realistic. Apart from the main aim of that agreement, the further goals include the
following iterns which are specified in Fig, 1.1.-7a, Fig. 1.1.-7b and Fig. 1.1.-7c.

e In manofacring graphic papers and printed products, fibers, additives, fillers
and pigrments, priniing inks and adhesives should be used, which do not affect
recycling. |
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» Research and development should be promeied as a conyibuten towards inten-
sifying the recycling of used graphic paper.

+ The importers of paper and paper products should encourage their suppliers to
use recycled fibers and to conduct research and development in order to increase
recyeling of graphic waste paper.

» Berween 1995 and 1997 AGRAPA, Bonn, the responsible group for the
implementation of the Voluntary Agreement arranges collection trials in
cooperation with five local communities in different parts of Germany in order
to gain detailed information on costs of collection, effectiveness of recovery
procedures and quality of recovered paper with respact to its composidon of
original paper grades, amount of impurities, chemical and physical
characteristics. (The characterization of composition and physical as well as
chemical properties of waste paper samples taken several tmes in different

locations is performed by the Departinent of Paper Science and Technology at
the Darmstadt University of Technolegy.)

The establishment of the Voluntary Agreement must be regarded as a political and
economic success especially when compared with the Packaging Ordinance. It
should improve the recovery of waste paper from households and commercial
enterprises in- three specific areas: economy. quality and utilization.

P

¢ The German Manufacturers of
Graphic Paper undertake
- v increase recycling of graphic waste paper
- to use fibars, addftives and fillers which
do riat impair recycling
- to promate R & D of measures which
increase recycling of graphic waste paper

¢ Pubklishers and Printers undertake

- -1 use an incrgasing amount of recycied
papar and to encolrage their customers to
this end

« {0 uss matertals, prinfing inks and
adhesives as well as printing techniquses
which do not impair recycfing

- to suppart H & D of recyclable matsrials,
products and procasses

'T.ma( Targsts of the Voluntary Agrsement | qgns
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# Importers of Graphic Paper and Paper _
Products and Paper Wholesalers * To optimlsa Recovery a8t Lacal Lovel
undertake to encourage thair suppliers AGHAPA undertakes i perform tials
- to use more recycled fibers In various rur and urban areas
- t0 uze recycled fibers, additives and fillers between 1885 and 1957.
“Whith g0 ot mpaiT recyting The mals shoukd provide infomaation on oo
- to suppart & & D of maasures 10 incraase of coliection, effectivenass of recavery
recydling : proceduras and quality of collected
@ Paper Wholesalers undertake waste paper
- to promata sales of recycled paper by ® The Waste Paper Council of AGRAPA must
extending and/or diversifving the rangas . . ;
they offer reguiary inform the Germnan Emvironmentzl
Agency (UBA}, repregematives of the
® The total Graphic Paper Chain German Federal States (Lander) and
has 1 give agvice to Wastas Management faderations of local scommunities
Bodies ta promote sost-efiectiva and
high-guality waste paper recovery in
individual regigns, ® The Waate Paper Council of AGRAPA must
The same applies for the marketing of requiary report to the Federal Ministar
recovered wasie papef in Sermany ane of Emviranment
abroad
il e
Fio. 117 Targets of the Voluntary Agreement | 1ges Iﬁ; L‘l;ﬂ:{ Targsts of the Voluntary Agresmant | yses

1.4 Dual System Germany (DSD)

The Packaging Qrdinance brought about the establishment of a private but
monopoly-like and much criticized organisation: Duales System Deutschland
GmbH DSD (Dual System Germany). This organisation is respousible for the
collaction of packaging mareral (based on paper and beard, plastics, composite
materials, glass, metal)} but only in respect io sales packaging. The collection and
recovery costs have 10 be paid by the corresponding packaging chain, which means,
however, ulrimately by the end-consumers. For the recovery of wansport packaging
such as corrugated containers, other organisations are responsible which charge
their own clients, e.g. the manufacturers of corrugared board, by z licence fee.

In 1993 the DSD budget of 2.1 billion DEM financed by the Green Dot licence fegs
(fig. 1.1.-8) did not cover the collection costs of 2.9 billion DEM because a large
number of manufacturers and commercial customers of sales packaging did not
contribute o the budget of DSD, although their packaging material entered the
recovery system ruled and financed by DSD., The situation was improved in 1994
when the budger amounted to 3.4 billion DEM because 3,800 further clients
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(companies) paid for the Heence fees. With reference 1o the packaging materfal
recovered on behalf of DSD, commercial reeyeling is gnaranteed for paper-, glass-

and metai-based products but not for the total volume of composite materials and
plastics, which are difficult to reuse and therefore partly used as a carbon source e.g.
in blast furnaces replacing coal, Energy recovery from sales packaging is not in

accordance with the philosophy of the Packaging Ordinance which reguires
recyciing of used material for manufacturing new products.

Recovery of Packaging Material
wased on Paper | Board, Plastics, Glass, Metals, Tomposite Materials

Financial Data Velume of Materat
(Blllen DELY kR Tonnes)
&7 LY
4.3
3.8

3.4 a2 - ]

1953 | [190¢ 1984 jo5a] [1aas 1804

Turmewver Recovery Costa Recovared Voluma Rediilized Vaiime
Sourea: [hual Sywem Garnamy MB35 i

Fig 1.t

fid
Dual Bystam Germany LSO 1855 ’

11K

The contractors of the Dual System are traditional waste paper merchants. more
recegntly established wasie mahagement companies and municipal waste collectors.
Locally there 1s almost no competition betwesen such contractors whereas in the field
of recovery of pre-consurmner waste from industrial and commercial outlets - which
15 outside the responsibility of Dual Svstem Germany - a sharp competition has led

to a resttucturing between groups of traditional waste paper dealers and of wasie
management companies as efficient newcomers in this field.

In 1994, almost 50 percent (4.8 million tonnes) of all recovered paper in Germany
(8.7 million tonnes) was collected from households. Approximarely twa thirds of
that total of 9.7 million ionnes was collected and commercialized by traditional
waste paper dealers whereas the majority of the household waste Daper is commer-

cialized by the waste management industry, Most of the overcollected waste paper
was exported by this industry (2.2 million tonnes).

The paper collection business is not now driven by supply and demand, but purely
supply-driven due to legislation. The key driving force is to reduce the volume of
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solid waste 0 be disposed of by landfilling. The capacity of landfill sites is perma-
neutly redveed and this significandy affects (growing) durnping costs. Funthermore,
demping of organic wasie by landfilling has no future in Germany because of
ecological issues (emission of methane-containing biogas and poliuted leaching
water), In order to conwol the environmental problems of landfills - including their
effect on landscape and public acceptance - 2 further regulation in terms of a so-
called techmeal guideline (1n legal terms: provision) was issned in 1993,

113 Municipal Waste Management Provision (TA Siedlungsabfail} (1993)

The Municipal Waste Management Provision for disposal of municipal and
mdusiial waste foresees. that at the latest by the vear 2003, no solids that conrain
more than five percent organic matter can be landfilled. Hence, the highly organic
sludges and other residues of the paper industry must be incinerated before being
dumped in the form of ash. This refers only w that proportion of shadges and other
residues which can neither be reused in other indusiries, e.g. cemeznt industry and
brick works. nor be composted. Included in this category should be excess waste
paper that can neither be reused domestically nor be exported. The recovery of
energy from non-recyclable waste paper and other lignocellulosic residues shouid
save certaln amounts of fossil fuels. Moreover, incineration guarantees the
minimizaton of hazardous substances, even though the amounts present in paper
and biomass waste are generally insignificant and non-critical. Allough bicmass

combustion does generare carbon dioxide emissions, the renewable fuels do not
conuibute to the greenhouse effect,

1.1 Recycling and Waste Management Act
{Kreisiaufwirtschafts- und Abfallgesets) (1996)

The most current and comprehensive legislation refers to the Recyeling and Waste
Management Act issued in 1994 and coming into force in 1996, Firstly, accarding to
this act, the producticn of waste should be avoided, as far as practical, particular]y
by reducing its amount and noxiousness. Secondly, waste must either be subjected
to recycling or used for emergy recovery. From the point of view of the paper
industry the option of energy recovery is regarded as counter-productive if it affects

the availabihity of sufficient volumes of recovered paper as a raw material for paper
manufacnring.
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According 1 the act. however, priority should be given to that type of utilization of
waste which is more environmentally comparivle. The Federal Government is
authorized to 1ssue ordinances giving priority to recyeling or energy recovery for
certain tvpes of waste. If poonty for either recycling or energy recovery i1s not

defined bv a regulation in force or to be issued, then energy recovery is only
penrassible when

# the heating value of the waste in question is at least 11 MI/kg (11
Gl/tonne); '

» 3 combustion efficiency of at least 75 percent is achigved:

+ the resulung heating s elther used by the enfity recovering the energy or
supplied to a third party;

» the zdditional waste octurring as part of the energy recovery cam be
disposed of with na further treatment.

Waste from renewable raw materials can be used for energy recovery if the prere-
guisites of the last three items are met. This means that energy recovery must take
place by co-generation, the traditional technology of power plants of the paper
industry, It wishes t ensure. however, that legislation does not interfer with the
availability of recoverahle paper for recycling. The paper industry agress 1o the
principle that non-recvelahie and excess waste paper can be used for energy reco-
Very.

[.1.7 Federal Emission Control Act (Bundesimmissionsschutzgesetz) (1974)

Waste generated by producton facilities, .. paper wills, is not covered by the
Waste Management Act but by the Federal Emission Contrel Act. According 1o this
act production facilities must aim at the following priorities:

+ Avoidance of indusirial waste
« Recycling or energy recovery of indusirial wasie
» Environmentally-friendly disposal of indusuial wagte but only if its

generation cannat be avoided apd i recycling or energy recovery cannot
be carried out.

In principle, recycling and energy recovery of indusirial waste are measures of the
same rank.

The emissions of combustion planis must fulfil stringent requirgments according to
various regulations and provisions in the context of this act. The 13th Regulation of
the Federal Emission Control Act refers 1o large combustion plants, characterized by
an energy generation of more than 30 MW, whereas the 17th Regolation is valid
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for plants incineraiting waste and similar matter. The emission standards of the 17th
Regulation are extremely smingent compared with the standards of the 13th
Regulation (Table 1.1.-1). Due to the legal requirements, the lower emission
standards of the 17th Regulation must be met in the case of energy recovery based
on waste of the paper industry as well as on (non-recvclable) waste paper.

Tab. 1.1.-1 Emission Standards for Combustion Plants according to the
Federal Emission Control Act (FECA)

{Figures refer to daily Averages)

13th Regulation 17th Regulation
of FECA of FECA
{e.2. coal. wood) {e.2. paper mill waste,
Parameter Waste paper)
mg/n’® : ; Mt
Dust (Parricles} 50 10
QOrzanic Carbon 1.5. 10
CGC 250 50
NOy  (as NO3} 800 200
SOy  (as 507} . 400 30
Cl  (asHCL) 160 10
F (as HF) _ i3 1
Cd + TI _ I.5. 0.05
Hg 1.5. 0.05
Sh+As+Pb+Cr+ n.s. 0.5
Co+Cu+Mn+Ni+
V =+ 5Sn
PCDD + PCDF : '
(in ng -TE/md) n.s. 0.1
Based on dry gas, ¥ normal {273 K; 1013 kPa)

n.s, = no standard I-TE = [nternational Toxicity Equivalent

118 CO9 Emission Tax and Energy Tax (CQ9-Abgabe und Energiesteuer)

The increased emission of certain trace gases since the beginning of the
industrialization 1ast cenmury, especially CO- from buming of fossil fuels, but also
from the destruction of tropical rain forests, has led to an enhancement of the natural

greenhouse effect with sill controversially discussed consequences for the world's
chimate.
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In reaction to the expected world-wide threar to the climate, the Federal
Government of Germany put forward concrete goals in 1991:

= Reduoction of German COp emissions - compared with 1987 - of 23
percent to 30 percent by 2003,

The CO2 emission in 1987 in the former Federal Republic of Germany (West
Germany) was abonl 3.5 percent of the global man-made €O ermssion at that tme.
About a third of this emission originated from power generation and district heating
plants. Industry and traffic represented 24 percent and 17 percent, respectively.

Small consumers and households together produced a quarter of the total COy
EIMiSSiOn.

The Federal Goverment will aim at the reduction of CO2 unti] the year 2005 by
supparting mare efficlent energy udlization and energy-saving programs for
industry, power plants. taffic and private households. Currently, controversial
thisvussions iake place with tespect to & possible tanation of the consumpion of
fossil primary energy (energy tax) and/or to a CQ7 emission tax which are supposed
to conwribute to a faster realization of CQ7 reduction. These 1ssues are dealt with on
the national scene as well as in the European Union.

The German paper industry agress with the target of the Federal Government to

improve the efficiency of energy urilization, However, the German paper industry is

aware that an energy tax and/or a CO7 emission tax will have a substandal finapcial
impact on production costs. Considering this, the Genmman paper industry voluntarily
agreed inr 1993 1o reduce the specific energy demand by 20 percent and the specific
CO2 emission by 22 percent by the year 2003, with 1987 as reference. (Specific
ermssion refers to a tonne of pulp or paper produced.)

In order 1o approach these voluntary targets. the German paper industry refers to the
following options: '

1. Substimton of carbon-rich foesit energy by less carbon comtaining and CQOn
neutral fuels, respectively.

I

Further optimization of production processes, e.g. by intensified waste paper

utiization and increased efficiency of energy utilization in papermaking and
paper converiing,

3. Reduction of the consumpiion of purchased electrical power, realized by a
further expansion of the capacities of co-generation.
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The German paper industry is prepared for such a voluntary agreement, if the
following prerequisites are fulfilled:

Energy recovery, based on industrial wasite and non-recyclable waste paper,
should not be hindered.

No reguiations should be issued which resirict the utilization of recovered paper
in the paper industry (e.2. by natonal measores which woald canse 2 sigmficam
increase of costs for the disposal of waste generated by waste paper processing).

No regolations should be issued such zs = Regolation o the Utilization of

Thermal Energy (Wirmenutzungsverordnung), an amending law of the
Kegulation on farge Combustion Plants {Novelle zur GroBfzuerungsanlagen-
Verordnung) or a national energy tax, related to the utilizatien of fossil fuels.

The Federal Govermment must take care in discussions on an EU-wide energy
12X that all those indusiries which have already issned a voluntary agreement on
znergy saving shouid not be considered for an energy taxarion.

CHAP _A-DQCTOAL.1997



L2 Waste Paper Recovery and Utilization of Recycled Fibers
1.2.0  Global Background

Waste paper as the source {or recycled fibers plays an increasingly sigrificam role
in most parts of the world. even in papermaking countries with abundant forest
resQurces, ¢.g. in Canada, the US4, or Northern Enrope, Within the eighties and the
runeties the waste paper utilization rate - defined as the tonnage of waste paper
processed related to the tonnage of paper produced - has grown from 30 percent
(1980} to 40.5 percent (1994) world-wide (Table 1.2.-1) without affecting the share
of both semichemical pulp and non-wood fibers. Table 1.2.-1 aiso shows that the
proportion of mechanical pulp was reduced from 15 percent to 12 percent and that
of chemical wood pulp dropped from 48.5 percent to 41 percent berween 1980 and
1994. Besides the well-known waste paper utilization rate the proportions according

to Table 1.2.-1 refer to the inpur of virgin pulps and waste paper related to the total
tonnage of fiber marerial used.

Fher Meterial 1580 1990 | 1094 |
» Chimics Wood Paps %) | 483 425 410
- Bults Pulp | (68 fa.m @.0)
- Suftaia Fuis 8] | (220 (29.5) (35.0}
» Samichamical Pulp %] 48 a0 2g
* Other Fibars [%8] 45 6.5 &0
* Minchanic Puip Be]{ 150 14.5 128
* Waste Pazer P =220 J 320 385
* Total Foer Mateiar (%] [ 200 100 10
T Yo Pacer L Meedion,
Flate 1| @00 380 405
Wasta pacer nlizasen Rais m THASE F'mrﬂar.u%]l:‘rnmﬁ] - 100 {3
‘ot Fal, Torns 1 5st !
i Propartion of Diffe :
ramt Fiber Materisly I
Tabbe 121
and Waste Pacer LHilization Rake (World-wide} r 1sas
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Fig. 1.2.-1 illustrates the relative development of the world-wide consumption of
paper, wood pulps and waste paper up to 1994 using. 1980 as reference, The
considerable increase in waste paper use was scen in developed as well as in
developing countries, most panicularly by recycling effons of the Enropean Union
{12 member states before its expansion in 1995) and the United States.

Lavet of Consumption
MRT I8RO =100)

180 Wasta Paper -

-

FAFER

1404 c
T - ____Masc!'t. Pulp
e — — — — :

1201 =" Ghem. Woodpup

"

100 == et
1580 1982 1964 1986 1588 1950 18092 -0
Serce: FAQ, Rome (1395

P 1,201 Relative Development of the Consumplion ot
* of Woodputps, Wasta Paper and Paper [World-wide) 163

B L

Global Waste Paper Consumption
98.2 Million Tonnas {1993)

Latin Amarica
Bastern Europe
Affica, Australia

10 %

Soures: VOP, Bon (1435

Fo.124| Global Waste Paper Cansumption  § ¥
™ by Regions
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Fig. 1.2.-2 shows the distribution of the global waste paper volume recycled in 1993
by the regions of Western Europe (16 countries), North America, Japan and Asia
(Japan excluded), Eastern Europe, Latin America, Africa and Anstralia, Because of
the achieved levels of the waste paper utilization rate particularly in the 12 states of
the European Union (55 percent) and in Japan (33 percent) the proportion of the
waste paper demand will funther increase in North America and Asia {Japan
excluded) significantly, but for different reasons: North America has z ‘hidden', not
fully exploited waste paper resource, Asia 1S running short in virgin fiber resaurces
which must be compensated by (imported) waste paper.

Waste Paper Consumption [Million Tonnes]

25 - ' ..................................

1D‘.-. ------------------------------
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§ 552318385314
- = G 25
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Frp 123

Leading Cuuntriss in Aespect to Wasta Faper Consumption (1993}

we
1883
© eSSy

According to Fig. 1.2.-3 the waste paper utilization rates vary widely between the
globally leading countries processing waste paper. Following USA and Japan,
Gerimany is in the third position as far as the tonnage of domestically used waste
paper Is concerned. This is also the case in respect 1o the volume of recovered waste
paper (8.7 million tonnes = 59 percent waste paper recovery rate in 1994), which, of
course, depends aiso on the amount of net paper imlf}orts as an other feature of a
couniry paper indusy. Some Other countries have aitained a waste paper utilization
rate which is above the present German level of 56 percent. Apart from Japan, the
economically prospening Far East counties of Ching, Svuth Korea and Taiwan have
- due to their poor fiber resources - a significant raw tnaterial demand satisfied by

incrzasing volumes of waste paper mainly imposted from the USA and more
recenily from Germany.
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_Wasta Paper Utflization Rata [36]
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Fi. 1.2.4

The USA, Japan and Germany together have utilized constantly 635 percent of the
global waste paper demand for more than one decade (Fig. 1.2.-4). Compared with
Japan. Germany and the European Union, the USA is characterized by a lower
uulization rate of not more than 40 percent. This rate was already achieved in Japan,
Germany and Western Europe (Scandinavia excluded) in the fifties or sixues,
However, due to this low utilization rate of the USA the domestically pracaésed
waste paper, as well as the exporied, is of high quelity and well received by

countdes of the Pacific Rim (Tapan, Korea, Taiwan) and by Mexico, poor in forest
TESOUITES.

1217 Paper Production and Consumption in Germany
1.2.1.1  Germany and s Paper Industry

Genmany is a densely populated and highly industrialized country. The total area of
357.000 square kilometers is populated by 80 million inhabitants, which
corresponds o 225 capita per square ilometer. Thirty percent of  Germany is
covered by forests (10.4 million hectares) characterized by am average atnual
growth of at least five solid cubic meters per hectare, which corresponds to a total
growth of at least 50 million cubic meters solid measure under bark in terms of
spruce, pine, fir, beech, cak. birch, and further species of softwoods and hardwoods.
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Wechanical Pulping

34 %
Pulpwodrg

12 %
Sawamid
Residues

Chemical Pulping

Wood Demand: 7.2 Million m3
{Belid Measure, debarked)}

Sowrne VDR, Barn {1885)

Lﬁi1j‘_v5

Pulpwood Damand of the Gaman te
Pulp and Paper Ingustry (1954) 1968

According 1o the existing pulping processes mainly spruce can be utilized for
chemical and mechanical pulping apart from marginal volumes of pine (for
mechanical pulping) and beech processed in one pulp mill. The toml volume of
timber and pulpwood harvested amounts on average to about 30 million cubic
merers solid measure under bark per vear (imber wood: 20 million m?, thinnings: 10
rillion m*) of which about seven million cubic meters (solid measure, debarked) of
thinames and sawmill residues are used by the palp indusry (Fig, 1.2.-9).

The pulp and paper industry comprises 170 companies {230 mills) producing

» 0.7 million tonnes chemical pulp (5 integrated mills)
» 1.2 million tonnes mechanical pulp {14 integrared plants)
» 14.4 million tonnes paper and board (230 mills).

In 1994, 5.7 million tonnes paper and board were exported (40 percent Exptﬂrt rate
related to production}, whereas 7.6 miilion tonpnes paper and board were imported
(47 percent import rate refated to paper consumption), mainly from Scandinavia (3.4
million tonnes) and Western Europe (3.4 million tonnes). More relevant for waste
paper and its recovery is the volume of consumed paper and board which totals 16.3
million tonnes. Germany is the fourth-largest market place for paper in the world
following USA, Japan and China. In respect to the per-capita consumption of paper
and board Germany keeps globally the tenth position (200 kg/cap in 1994) affected
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by reunification and the lower Living standard in East Germany (former GDR) with
a former per-capita paper consumption of not more than 83 kg/cap which, however,
was then by far the highest of the former commumistic countries,

One of the most significant handicaps of the German paper indusuy is the fact that
only five paper mills are mtegrated with chemical pulp mills, based on the suifie
process. This results in the necessity to import about 90 percent of the required
chemica] pulp, mainly as bleached suifate pulps (3.6 million ionnes). On the other
hand Germany has abundant pulpwood resources at its disposal which correspond to
a volume of about four million tonnes of bleached kraft pulp almost equivalent to
the tonnage of pulp impored from Scandinavia (45 %), North America (3] %),
Latin America (8 %), Porrugal. Spain (10 %) and further countries (6 %). '

The strong positicn of the German paper indusuy depends to a large extent on the
opportunity to make use of the large, contimiously increasing volume of cost-
compentive waste paper which is permanently generated within short distances of
the paper mills by recycling-minded end-consumers, which make increasing
volumes of post-consumer waste available, mainly in terms of printed matter (news,
magazines, catalogues. directories, brochures, inserts, direct mail etc.) and

packaging material made of paper, board and composite material (2.g. PE-coated
lquid board).

1.2.1.2  Wagte Paper Recovery and Utilizaiion

The West German waste paper utilization rate was at 30 percent in 1950 and
reached a level of 43 percent in the rud-sixties (Fig. 1.2 -6a and Fig. 1.2.-6b}). This
level remained almost constant for more than two decades, followed by a significant
increase since 1988, which resulted In a rate of 56 percent in 1994. It is assumed
that at the end of this decade the rate will approach at least 60 percent which is
supposed to be close to the samration point should the producton ratio between
graphic papers (48 percent). packaging papers and board (39 percent), sanitary
papers (§ percent) and specialty papers (7 percent) be kept roughly at the current
level. If the technology of waste paper processing is going to be modified
substantially, ¢.g. by further improved upgrading measures in stock preparation,
which consequently lead to increasad volumes of rejects and siudge, the waste paper
utilization rate wiil then exceed this forecast level.
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Limits to the utilization of recycled fibers are set by the availability of suitable
waste paper grades at competitive prices, and by quality requirements of recycled
paper produced which compate with paper made of virgin fibers. It must be
ernphasized that recycled fibers cannot be re-used too many times because of their
mechanical deterioration (by hornification and cutting) ard their loading with
orgamic substances and residual printing inks. In order to aveoid impaired

CHaAP] ADQCA002. 1987

-,

A

(NG

I"\_,z' N RN

'u._,.;'i :'~._,f" Ik_z'i Ln_.r’:' ‘\._/I L

|\_. /!



Lad
[T

characteristics of paper, a permanent input of fresh fibers is required either in terms
of pulps or of paper made of virgin fibers manufactured at home as well as abroad.

a Wasts Paper Utlizatinn Rats [56)
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Germany regards itself as a fronirunner iz waste paper recycling, because of its high
waste paper recovery and waste paper utilization rates. taking into account that half
of the paper production consists of graphic papers with their low wilization rate of
28 percent (1994). As shown in Fie. 1.2.-7 the waste paper utilization rate of Ger-
many 15 still below the corresponding rate of, for example, the United Kingdom (60
percent). However, the comparison of these figures is misieading because the waste
paper utilization rates are affected. amongst others. by the distribution of grades
within national paper and board production as shown in Fig. 1.2.-8. Compared with
Avswia. Belgium, France. Taly and Pormgal. the highest udifzarion rates are
realized in Germany, Great Britain, Spain and the Netherlands, apart from Denmark
and Ireland with their msignificant volumes of paper produced. (Ireland produces
not more than 35,000 tonnes of corrugating medium and testliner, the Danish paper
production amounts (o 0.3 million tonnes of packaging paper and recycled graphic
paper.)

In Germany the biggest volume of waste paper is traditionally used in packaging
papers and board, followed by newsprint manufacturing, which is now almost
totally based on recycled fibers. Currently, progress is being made with the
application of recycled fibers in SC- and LWC-papers, whergas woodfree printing
anyd writing papers are in a different position because of a shortage of suitable and
cost-competitive waste paper grades,
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5o far, 26 deinking planis process one third of the ol waste paper volume of 82
million tonnes. This means a significanr increase of deinked pulp in two vears
affected by three newsprint greenfield mills which came on sgeam in 1993 and

1994 and which are totally based on waste paper and recycled fibers, respectively.

1.2.1.3

Waste Paper Utilization in Different Paper Grades

The mateyial input (16.4 millien tonnes) of the German paper industry 15 divided
intg the following components and their proportions as percentage and by weight

& Waste paper:
# Chemical pulp:
* Mechanical pulp:

(air-dry) (Fig. 1.2.-9):

50 % = 8.2 wmillion tonnes
24 % = 3.9 million tonnes

% % = 1.2 million tonnes
¢ Fillers and pigments: 14 %= 2.3 million tonnes

¢ Chemical additives: 4 % = (.7 million tonnes

The portion of wasie paper utilized (8.2 million tcmﬁes} corresponds to a waste
paper utilization rate of 56 percent, which is related to the tonnage of paper and
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board produced (14.4 million tonnes). The total production of paper and board
COMpPrises:

» QGraphic papers: 7.0 million tonnes (43 percent)

e Nawsprino 1.5 million tonnes {10 percent)]
¢ Packaging papers
and board: 5.6 million tonnes (3% percent)

Sanitgry papers: (.9 millior wonnes € percent)
Speciaity papers: 1.0 million tonnes ( 7 percent)

&

In the context of this subsrody the waste paper utilization raves of these paper and
board grades are highly relevant (Fig, 1.2.-10):

Wasie Paper Uillization Rate {55 Graphic Papers

Sttt YEP, Bonn MBS

. “Wasin Paper Uizsion Rates by Main Groups and Grades i
Fige 1210
i of Paper Froduction in Gemnany (1994

¢ Graphic papers: 28 % waste paper wilization rate = 2.0 million tonnegs waste paper

* Packaging papers )
and board: 94 % waste paper uiilization rafe = 3.2 miilion tonnes waste paper

® Sanitary papers: 69 % waste paper utilization rae = 0.6 rmillion tonnes waste paper

» Specialty papers: 44 % waste paper utiization rare = 0.4 million 1ormes waste paper

¢ Total Production: 56 % waste paper utilization rate = 8.2 million tonnes waste paper
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Most heterogensous is the utilization of waste paper in graphic papers which are
comrnonly divided into the following grades:

» Newsprint: 108 9 waste paper utilization rate = 1.6 million tonnes waste paper
« Recycled paper: 115 % wasie paper ntilizarion rate =(.3 million tonnes waste paper
= Wood-containing paper

(coated+uncoated): <35 % waste paper utilization rate =<0.1 million tonnes waste paper
» Woodfree paper

(coated+uncoated): < 5 % waste paper utilization rate =<0.1 mijlion tonnes waste paper

» Total: 28 % waste paper utilization rate = 2.0 million tonnes waste paper

Our of §.2 million tonnes of the total waste paper volume processed. 2.0 million
tonnes waste paper are wsed for deinked pulp (DIP) for manufacturing graphic
papers. The production of 1.5 million tonnes of newsprint requires 1.6 million

tonnes of waste paper. The remaining volume of {2.0 - 1.6 =) 0.4 miliion tonnes is

mainly processed for so-called recycled graphic paper (0.3 million tonnes waste
paper) and, 10 a small extent, used for manufacturing wood-containing and

woodfres (coated and uncoated) printing and wriling papers (together about 0.1
million wnnes waste paper).

With a production of 3.5 million tonnes of wood-contzining and wocdfres graphic
papers (including recycled graphic paper but with the exception of newsprint), the
average wgsle paper utilization rate is not more than seven percent Therafore it is
evident that any substantial increase of the overall waste paper utilization rate would
have to oceur in the main gronp of high-quality graphic papers. It would occur to
different extents in wood-containing and woodfree printing and writing papers
because of the availability of adequate waste paper grades ar ¢conomic prices and
because of requirements on the qualiry of paper.

If there is no further increase of the waste paper utilization rates of packaging paper
and board , sanitary and specialty papers the average utilization rate of the tota]
German paper industry might not exceed the assumed target figure of 60 percent
{8.7 million tonnes waste paper) ar the end of this decade. In this case a further
waste paper volume of (8.7 - 8.2 =) 0.5 million tonnes must be used for wood-
containing and woodfree printing and writing papers. This would then result in a
waste paper utilization rate for them of [(0.4 + 0.5)/5.5 =] 17 percent, which seems
1o be a realistic, possibly a resigned approach.
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In the case of a foreseen waste paper utilization rate of the total German paper
indusiry of 65 percent (9.4 million tonnes wasie paper) the utilizatjon rate for these
grades would amount 10 [{0.4+0.3+0.7)/5.5 =] 30 percent This rate has to be
regarded as a challenging level taking into account that recycled fibers must be used
predominantly in wood-containing paper grades and to a lesser extent in woodfree
papers. Considering this, wood-containing paper grades (in the first place SC- and
LWC-paper) would be forced o realize a utilization rate of about 40 percent.

Packaging papers and board with their present waste paper utilization rate of 94
percent (5.2 miflion tonnes waste paper) have reached their definite samration level
although the theoretical limit is about 108 percent because § percent rejects are
generated by waste paper processing. However, a certain amount of virgin fibers
must be further used for packaging material geming in contact with wet, fatty ar dry
foodsmif which has to fulfil stringent requirements according to npational and
intemational regulations. The padonal regulaton refers to  the so-called
Recommendation XXXVI (Empfehiung XXXV, issued by the former Federal
Health Agency (BGA) and contineed by its mew organisation. which Is named
Federal Insatute for Consumer Protection and Veterinary Medicine (Bundesanstalt
fiir gesundheitlichen Verbrancherschutz und  Veterindmmedizin  BgVV).

Internationally the Evropean Couneil is currently involved in the establishment of
Recommendatons on this issue, o,

The waste paper utilization rate of 69 percent (0.6 million tonnes waste paper) in the
case of sanitary papers seems to be rather high. However, one must bear in mind
that at least one third of the waste paper volume processed In such miils becomes
sludge (deinking sludge) and rejects (0.2 million tonnes waste from waste paper
processing). Therefore, the real content of recycled fibers is on average not more
than (69 % - 23% =) 46 percent. Considering this, there is still a potential of
increased waste paper utilization which might approach a range of 80 percent
(55 percent content of recycled fibers). However, an increase of the waste paper
utilization rate by ten percent in sanitary papers leads only to an increase of the
average German waste paper utilization rate of not more than one percent.
Therefore, sanitary papers are of marginal significance as far as intensified waste
paper utilization of the total paper industry is concarned.

The group of specialty paper with its utilization rate of 44 percent (0.4 million
tonnes waste paper) has probably reached its final level. Many of the specialty
papers can never be manufactured with recycled fibers either because of technical
requirements (2.g. filter papers, capacitor tssue paper, photographic base paper,

CHAFP! _A LUK 7.02.19%7
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decor paper) or because of health issues (e.g. household filter papers, cigarette
ussue). '

o Wasta Paper Liitzation Fata [%]

Sturte: YOP, Bonn (1535 ' : i

_1”9?0 1575 19680 1985 1580 1955
Wasts Faper Utlizaton Raes )
. U’—-‘Ji Dy Main Groups of Paper Production 1585
: in Garmmany eztena

Fig. 1.2-11 shows the development of the waste paper utilization rate of the four
groups of the German paper production between 1970 and 1994, In relative EIns
the increase of the utilization rate was most significant with graphic papers starting
at six percent in 1970 which means an increase of more than four times in less than
25 years mainly affected by newsprint and recycled graphic paper, whereas the other
graphic paper grades did not significantly conaibuie to that increase of the
utilization rate. In the same period of time the increase of the waste paper utilization
rate of sanitary papers was nearly three times from 25 percent to 69 percent. On the
other hand packaging papers and board just edged up from 88 percent to 94 percent.
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1.2.2 Recovery, Export and Import of Waste Paper

Fig, 1.2.-12 shows the development of recovery and consumption of waste paper in
Germany from 1950 to 1994, For more than 30 vears thera was a balanes between
demand of the domestic paper industry and recovery, followed by a peried of sur-
plus of collected paper. This excess waste paper occurred already in the eighties and
was originally not the result of any paper-specific legislation, which did not come
into force until 1991 in terms of the Packaging Ordinance, Nowadays, legislation
increasingly stimulates the recovery efforts for the benefit of the paper industry in
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Fig, tza2 Recavery and Consumption of Waste Paper in Germany
{1950-1954: Wast Gamnarny
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Waste Paper Collected:
2.7 Million Tonnes

Sourna: bty iy Pacierfabriioion, (et (T965)

Soyrees of Hecovery of Waste Pgper | P
1
F . 1213 in Garm ; {1og !.1} 1965

With respect to collection of waste paper, the most relevant statistical treatment
refers to the total recovered volume of 9.7 million tonnes which must be divided
into both categories as pre-consumer and post-consumer waste. Pre-consumer waste
is generated by the industry (e.g. printing shops or paper converting plants),
characterized by single paper grades and by a negligible content of impurities.
Fig. 1.2.-13 shows the main sources of waste paper in three categories: industry
(pre-comsumer waste), commercial enterprises and private households (including
small comumercial enterprises) (post-consumer waste). Office waste is not
documented separately, but belongs to the post-consurner waste paper generating
sources. The consumptiion of office paper (woodfree paper made of virgin puip,
wood-containing paper made of virgin pulp as well as recycled fibers) totals 1.3
million tonnes. It is supposed that about 50 percent is recovered.

CHAPI_ADOCITE0Z2.1997

L

(N NP I

.'k.___/

(PR,

o A S

WS

;'\_::



Co

R R s R R R R et R

L N N o

AN L S

R

—

A A

41

Wasta Paper Volume Millien Tonnes] 31%
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Fig 1214 Wasie Paper SExport and tmpart in Germany \ 1955

Alirtees

Fig, 1.2.-14 refers to import and export of waste paper in Germany between 1950
and 1994. The figures given do not represent the toral volumes of irnported and
exporiet wasie paper but refer 1o net tormages. In the posi-war perod the con-
tnuously growing paper industy could not be totally sausfied by domestically
recovered waste paper, particularly in the case of high-quality grades. Because of
permanently improved and imtensified recovery efforts since the beginning of the
eighties, Germany was in a position to increase the volume of exportad waste paper,
mainly delivered to countries of the European Community and, in the beginning of
the nineties, to overseas countries such as Thailand, Indonesia or Taiwan (Fig. 1.2.-
15). For the most part the biggest portion of the exported waste paper consists of
lower grades such as mixed waste, supermarket waste, news and magazines
{household waste paper for deinked pulp (DIPY). Taking into account the permanant
import of mainly high-quality waste paper grades, it must be underlined that in the
previous years the total voinme of exported waste paper exceeded already two

million tonpes. Consequentdy, Germany became the second-largest waste paper
exporter after the United States, '
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Waste Paper Import: .7 Milllon Tonnes

Sours; VTP, Bean 1269

1.5..35| ¥ES18 Papar Export and import in Genmany 1;
by Courtries and Ragions {195}

T4

Recently, consideration has been given to incinerating a part of the overcollected
waste paper volume for the benefit of energy gencraton by co-generation, prefer-
ably in the paper industry, replacing fossil energy by that biomass. At this moment,
there are no discussions on combustion of eXcess waste paper because it seems 1o be
irrelevant due to the increasing volume of exported waste paper. However, it must
be considered that at a recovery rate of 60 percent about haif of the other 40 percent
of used paper products has 10 be disposed of either by landfilling ar municipal waste
incineration or composting (see chapter 1.4). For economic, environmental and legal
reasons (Municipal Waste Management Provision of 1993 coming in force in 2005},

cornbustion of non-recyclable waste paper must repiace landfilling in the medium-
termn. '

123 Collection of Waste Paper
12.3.1  Mass Balance of Paper, Waste Paper and Waste

" Fig, 1.2.-16 clarifies the generation of waste paper which amounts to a collected
volume of .7 million tonnes of which 1.5 million tonnes {net) are exported. Related
to the total constmption of paper pfaclucts (16.8 million tonpes) the theoretical
waste paper potential totals 13.9 million tonnes (83 percent) because 17 percent of
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the consumption of paper products (2.9 million tonnes) is non-recoverable waste.
This volume 'disappears’ in the sewerage system and 2s long-lived products or in
private households and in small commercial enterprises as burnt paper, apart from a
certain volume of documents and books stored in archives and libraries. Out of this
theoretical potential of 13.9 million tonnes only 12.4 million tomnes must ba
regarded as the available waste paper potential because 1.5 million tonnes are
¢xported. Finally, a portion of 4.2 million tonnes of waste paper has to be disposed
of, mainly by landfilling and partly by incineration in roughly 50 municipal
incineranon plants in Gernmany whereas only a marginal volume is treated by
composting. The volume of waste paper uvtlized in the German paper industry
amounts to 8.2 million tonnes. '
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Fig. 12-16 Paper and Wasta Paper Balancs in Germany (1394) 1005

Fig 1.2.-17 to Fig. 1,2.-20 show the mass balances of graphic papers, packaging
papers and board, sanitary papers and specialty papers from cradle (domestic paper
production and paper net import) 1o grave (recycling and final disposal). The
volume of pre-consumer waste totals 1.2 million tennes with reference to these four
sectors of graphic papersfprinted matter, packaging paper and board/packeging
material, sanitary papers/sanitary products and specialty papcrsfspaczairy products.
The following volumes of pre-consumer and post-consumer waste are generated by

the individual groups of domestically produced and consumed products made of
paper and board,
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Paper Grades/Products Pre-consumer Waste Post-consumer Waste
Craphic papersiprimied mattey 0.8 mallion tonnes 4.2 mithon tonnes |
Pa;:kag:mg paper_and board/ 0.4 million tonnes 4.1 million tonnes
Packagzing materials ]
Sanitary papers/products f 0 miilion tonnes 0 miilion ronnes
Specialty papers/oroducts i () miilion onnes 0.15 miilion tonnes
Total t 1.2 miilicn tonnes 8.45 million tonnes

The recovery rate of pré~consumer waste appreaches 100 percent even in the case of
waste paper grades difficult to process as, for example, composite materials such as
PE- and/er aluminium-coatgd liquid board generated as cuttings and further broke in
converting plants.

The recovery rate of post-consumer graphic paper reached 52 percent and in fotal
62 percent including pre-consumer waste. In the case of packaging paper and board
the corresponding figures are 73 percent with respect to posi-consumer waste and 30
percent with reference 16 both pre-consumer and post-consumer waste,

The partly exploited waste paper sources are offices and private households whereas
the recovery of waste paper from supermnarkets and small commercial enterprises
reached almost 100 percent. Due to the Packaging Ordinance, transport packaging
material must be recovered compietely. In the case of sales packaging consumed by
the end-consumers. 60 percent musi be recovered. controlled by DSD. Printed

matter is also recovered by 100 percent in the case of over-issues (news, magazines,
catalogues ec.}.

Printed matter consumed by private households is collected to a high extent thanks
to the blue bins in each household, containers located on public places and by

collection actions of private organisations, focusimg on collection of bundled news
and magazines.

« Total per-capita waste paper volume recovered: 120 ke/cap
{= 59 percent recovery rate}

» Average per-capita waste paper volume recovered in houschoids and
small commercial enterprises: 60 kg/cap

s Pre-consumer wasie recovered corresponds 1o a per-capita waste paper
volume of 15 kg/cap.

o The average per-capita waste paper volume coliected in disuibutdon and
offices: 45 kg/fcap.
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1.2.3.2  Collection of Household Waste

The most important prerequisites for intensified recycling and manufacmring of
competitive and high-quality recycled papers are effective and sound collection
systems for both pre-consumer and post-consumer waste, For a long time paper
waste has been most professionally recovered. up to almost 100 percent, from
printing shops, cormgated board industry, folding boxboard plants or distibution
(e.g. supermarkets and retailers). A further. but not campletely exploited racavery

source is t0 be found in offices as well as private households and commercial
enterprise. - '

In the nineties the recovery of any waste of private households was significantly
driven by legal requirements, Nowadays, Germany is totally covered with a network
of different collection systems which are classified into pick-up sysiems (blue bin in
almost each household and small commereial enterprise} and camry systems which
comprise mono- or multi-component containers located on public places and
municipal collection centers,

1.2.3.3  Management of Collection of Household Waste

Based on an inquiry in 1994 the following siructure of waste paper collection with
referznice 10 pre-consumer as weil as post-consumer waste paper was established
{Fig. 1.2.-21): More than three quarters of the total waste paper volume is collected
by third partes, dominated by waditional waste paper dealers, followed by local
government orgamizations {communities) and by private collectors such as sports
clubs or charitable orzanizations. One quarter of the waste paper volume is collected
under the direct or indirect responsibility of the paper industry because some paper
companies are running a joint business in cooperation with waste paper dealers,

With respect to collection and recovery of household waste, which covers only a
part of the above mentioned structure, Fig. 1.2.-22 shows the scheme of the
municipal waste management system in Germany, It is called dual system because
of the separated responsibilities of communities and the independent private
organisation Dual System Germany (DSD). Household waste consists of recyclable
material (paper and board, plastics, composite materials, glass, metals), biowaste for
composting and finally of so-called residual waste which should be free of the
mentioned recyclable and compostible components, Stmulated by the Packaging
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Ordinance, the Dual Sysiem Genmany DSD, financed by the Green Dot licence fees,
is responsible for the recovery of sales packaging,

3%

%
by Third Partfea
oxTe: P, H.-. Darmeit 1906
P
raq, 1.3 Waste Papar Collaction in Germary (1934} \ TS
1T
Huuswhold Wasta
| \ Sialea Packeging
¥
Dual Systsm
Canminiliss Gamany DSB

g, 1.2.22( SChEme of the Dual Waste Managament 1&
|_ ' (Peper rgfers 10 Post-consumer Waste)

Sales packaging is collected separately from each household and small commercial
enterprises by coniractors of DSD to be sorted and partly pressed to bales by waste
paper dealers and waste management companies, Taking into account that, in most -
cases, packaging material, based on paper and board, is collected together with
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printed matter, it follows that DSD and its confractors are also indirectly responsible
for that category of paper products such as news or magazines. However, DSD is
not charging for printed matter. Therefore, waste paper dealers and other contractors

do not get paid anything for that part of the collected waste paper volurne by DSD,
but by the Iocal communities.

Local governynent organizations {communities) are in the first place responsible for
compostible biowaste as well as residual waste. Residual waste shonld be totally
treated by inciveration, followed by landfilling of the ash of the mumicipal waste
incineration plants. The residues of composting are either burnt in municipal

incineration plants or (still} dumnped on landfills which also happens with a part of
residual household waste.

The domestic manufacturers of packaging paper and board are interasted in non-
separated, mixed waste paper from private households and they promote therefore
jomnt collecton syswems. The producers of printing and sanitary papers, being
interesied in a clean fraction of white waste paper, favour separate collection
systemns for household waste paper which - deliver two categories: (white) printed
matier and {brown} packaging material. These differing collection approaches are
affecting the quality as well as the costs of the recovered paper Which.must be
carefully sorted in the case of joint collection of both waste paper categodes. In
Germany most of the waste paper is collected with ong bin per housshold or malti-
componenti conhiainers. Thess procedures resalt in mixed waste paper (packaging
material and printed matter) whereas only 33 communities out of 543 have
established collection systems for separate recovery of printed matter and packaging
material, As shown in Fig. 1.2.-23 the majority of communities are equipped either
with carry systems or with pick-up as well ag carry systems for joint ¢ollecrion.
Apart from density and social swucture of the local population, the costs and
effectiveness of waste paper recovery are driven by the collection system.

The costs of separate collection of printed matter have been analyzed in three diffe-
rently populated areas with reference to various ¢ollection procedures such ag moog-
bins (joint collection), two-component bins (separate collection), by bundles (news,
magazines) and by containers {Table 1.2.-2), Collection costs comprise the costs for
bins or containers (including their maintenance and evenmally fees for their
placement), costs for transportation from the pick-up place to a sorting or pressing
enterprise, including the corresponding personnel and overhead costs. The level of

the collection costs differs significantly but it would definitely be more costly if a

subsidized organisation would be responsible for that business.
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Total of Cﬁm munities: 543

* 33 Communities with Ssparate Collectian
ol Packaging Material and Printed Matter
» 510 Communities with Jgini Collection
of Packaging Material and Printad Matter

Joint Collection Systems
» 59 Communitiss: Pick-up Systems
(Blue Blns; by Bundles)
* 139 Communities: Carry Systems
{Containers; Collection Contars)
» 212 Communities: Pick.up and Carry Systams
as well

MNumber of Joint Collection Systems
* 263 Communifiez: 1 Systam
* 128 Communiies: 2 Systams
* 100 Communities: 3 Systems
* 7 Communiies: 4 Systems
* 2 Communifes: & Systems
STt Bckng, B, Son (1994}

0. 1.2.m| Collection Systems for Pogt-Cansumar i
Waste astablished [n Germany (1254) l;fﬂf.

Household Collection

Collecton Systam Pick-up System Carry System
. Twe Camponert .

Collectinn Area ity Bln By Bundies | _Contaimer
iy DEM /Tonne TEM {Torre | TEMW | Tonne

Ruaral Araa 182 - 194 127

Town Area 120 135 113

Darsoy

popalated Area 105 118 10

PRurel Area: 50,000 Inhabaants
Town Anea: 200,000 Inhatitans
Bensoly popuioed Araes 750,000 [mhahitarts

. Source; INTECLLS, Berlin [1555)
| yaie Costs of Separate Collaction of Printad Mattar ol
in Different Araas of Gernary {1933) 1835
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1.2.4 Waste Paper Grades

The total volyme of collected and niilized waste paper is divided into 40 individual
grades according to the German Waste Paper List, issued by the Federation of the
German Pulp and Paper Industry (VDP), Bonn, in cooperation with the former

CHAPI_B.CAMHTT.O2, 1997



30

Federation of Secondary Raw Materals (bvp) (Appendix 1). This German Iist
affected the structure and specifications of the European Waste Paper List, issued by
the European Federation of the Pulp and Paper Indusuy CEPAC in Brussels
(nowadays named CEPI). Both lisis are attached as an appendix. The codes of both
tists are pot wdenteal despite the fact that the individual waste paper grades are
identical in many cases. In this substudy reference is made to the German codes.

According 10 the German Wasle Paper List the individnal waste paper grades are
classified into four categories:

¢ Ordinary waste paper grades
» Madium waste paper grades
e Superior wasle paper grades
¢ Kraft-contzining waste paper grades

Fig 1.2.-24 shows that the dominant waste paper grades are ordinary grades with a
volume of 73 percent (5.0 million tounes), related to the total volume of the uilized

waste paper, whereas the volumne of the three other groups is in the range of eight
percent to nine percent each.,
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Fig. 1.2.-25 documents the total volume of utilized waste paper and its subdivision
into ordinary grades on the one hand and the three other grades on the other hand.
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Due to intensified recovery efforts the portion of the ordinary grades increased
continuously in the ninetes, compared with 1980. This indicates that the three other
waste paper grades are almost-totally recovered. They refer to pre-consumer waste
in the first place and also to post-consumer waste with the exception of office waste.
‘Significant waste paper volumes which will contribute t0 an increased volume of
recovered paper are household waste belonging to the group of ordinary grades.

Wasts Paper Cansumption MIllion Tonnes]
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123 Waste Paper Sorting

Sorting of waste paper aims partly at the removal of impurities {(non-paper
components) in the case of ordinary grades (B10, B12, B19) and partly at the
separation of household wasie into brown (packaging) and white (graphic) waste
paper categories (D11-D39). Pre-consumer waste requires no sorting. Sorting takes
place manually by disuibming ordinary wasie paper on a floor or on a2 belt.
Mechanical sorting systems with on-line sensoring (image analysis) are under

development.

Manual sorting of various waste paper grades is performed in a different rmanner
according to the waste paper grades, Apart from unsorted mixed waste (AQQ), the
dominating volume of mixed waste (B10, B12) is regarded as sorted grades which,
however, means noding else but non-selective removal of a cerain portion of
unwanted matter in terrns of non-paper components and paper/board demimental to
paper production. If any sorting takes place, it is aiming at the selective elimination
of higher value components such as corrugated containers. This is also the case with
respect to supermarket waste (B19), Neither sorted mixed waste nor supermarket
waste are manually separated into their main components such as packaging
material and printed maiter. The part of the paper industry which manufactures
patkaging paper {cormgatng medium, iestliner’ and board ({folding boxboard, grey
board) is not interested in such a separation because thev benefit from the pordon of
printed matter with its younger fiber generations and also from its mechanical pulp

conteni which improves particularly bending stiffness (inner layer of folding box
board and grey board),

An intensive manual sorting takes place in the case of waste paper for deinked pulp
{DIPY, which is mainly generated by joimt household collection of packaging
material and printed mater. The total volume of this jointly collected waste paper
rrust be separated as perfectly as possible 1nto brown and white paper components.
This sorting is conducted either by waste paper dealers or by the paper industry
applving belt systems. The advantage of this sorting procedureis the fact that, apart
from the required separation into both fractions, elimination of unwanted matier
(impurities) is performed. Despite this manual sorting, the white paper component,
which consisis of news, magazines, catalogues, Drochures, inserts, and direct mail, a
residual portion of brown components (approx. three percent to five percent board
and pieces of corrugated containers) is still present in the white paper fraction. This
residual portion of brown paper and board components affects optical properiies
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1.25 Weste Paper Sorting

Sorting of wasie paper aims partly af the removal of impurities (non-paper
components) in the case of ordinary grades (B10, B12, B19) and partly at the
separation of household waste into brown (packaging) and white {graphic) waste
paper categories (D11-D39). Pre-consumer wasle requires no sorting. Sorting takes
place manually by distributing ordinary wasie paper on a floor or on a belt.
Mechanical sorting systems with on-line sensorng (image analysis) are under

development.

Manual sornng of various waste paper grades 1s performed in a different manner
according to the waste paper grades, Apart from unsorted mixed waste {A0Q), the
dominating volume of mixed waste (B10, B12) is regarded as sorted grades which,
however, means nothing else but non-selective removal of a certain portion of
unwanted matter in terms of non-paper components and paper/board detrimental to
papet production. If any sorting takes place. it is siming at the selective elimination
of higher value components such as corrugated containers. This is also the case with
respect to supermarket waste (B19). Neither soried mixed waste nor supermarket
waste are manuaily separated Into their main components such as packaging
material and printed matter. The part of the paper industry which manufactures
packaging paper (corrugating medium, testliner) and board (folding boxboard, grey
board) is not interested in such a separation because they benefit from the portion of
printed matter with its younger fiber generations and also from its mechanical pulp

content which improves particularly banding stiffness (inner laver of folding box
board and grey board).

An intensive manual sorting takes place in the case of waste paper for deinked pulp
(DIP), which Is mainly generated by joint household collection of packaging
matenal and printed matter. The total volume of this jomtly collected waste paper
must be separated as perfectly as possible into brown and white paper components.
This sorting 15 conducted either by waste paper dezlers or by the paper industry
applying belt systems. The advantage of this sorting procedare is the fact that, apart
from the required separation into both fractions, elimination of unwanted matter
(impurities) is performed. Despite this manual sorting, the white paper component,
which consists of news, magazines, catalogues. brochures, inserts, and direct mail, a
residual portion of brown components (approx. thive percenr o five percent board
and pieces of corrugated containers} is siill present in the white paper fracton. This
residual portion of brown paper and board components affects optical properties
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inchuding cleanliness of the processed DIP. Bleaching with peroxide and/or
dithionite does not delignify the brown fibers.

Office waste, which is often shredded, is not sorted, although sorting would be a
necessity taking into account that office waste increasingly becomes a blend of
(white) woedfree and {grey} wood-Containing writing and copy papers or compuier
printouts based on recycled graphic paper.

The volume of fairly well sorted waste paper totals 2.3 million tonnes in the case of
waood~containing grades for DIP (D11 - D39). The volume of so-called sorted mixed
waste totals approx. 4 million tonnes (B1G, B12, B19).

1.3 Waste Faper Processing Technology
1.3.1 Physical and Chemical Characteristics of Waste Paper
and Recyeled Fibers

Unlike virgin pulps which are regularly analysed and evaluated with respect to their
mechanical, optical and chemical properties by their manufacturers as well as by
ihelr users (paper mills), waste paper is not characterized by waste paper suppliers
and only to & minor extent by paper mills, for example, as moisture or ash content.
Constdering this, only limired information is available on the characteristics of
VEIOUS wasie papel grades. Therefore, in the eighies physical characteristics of
waste paper were analysed for the first time in a statistically and systematically
sound manner by the Department of Paper Science and Techuology (P}
Darmstadt. In 1994 corresponding investizations were repeated and exiended on
waste paper for deimked pulp (DIP) from household collections. Various
characeeristics of such waste paper grades, which amount 1o almost 75 percent of the
tota] wasie paper volume processed, are presented in the following with reference to
sorted mixed waste {B10, B12), supermarket waste (B19) and wood-containing
waste paper (household waste) in terms of printed matter (mews, magazines,
brochures, catalogues, directories, inserts and direct mail etz.) for DIP (D21-D39).

1.3.1.1  Waste Paper Composition
Apart from mechanical, optical and chernical characteristics, further parameters are
relevant in the case of waste paper, such as content of imparities (unusable

material), moisture and ash content or composition In terms of the orginal paper
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and board grades present in waste paper grades, which are themselves hased on
multi-components, 5ach a3 mixed wasle, sapermerket waste 0T household wasie
paper for DIP. The German Waste Paper List limits the proportion of unusable
material of some waste paper grades. The specified amount of such matter is almost
the only numerjcal refersnce in the case of waste paper. Unusable material
comprses the following categaries:

» Non-paper components: They consist of foreign marter, such as metal,
glass, plastics, textile, wood, nibber or stones and sand.

* Paper and board detrimental to production: This category comprises
treated paper and board which would render harmful fragments in
production. such as waxed, bitumenised or wet-strength paper, carbon
paper or vegetable parchment.

In soried mixed waste paper (B10, B12) and supermarket waste (B19) the limit of
such materials is - unrealistically - set at one percent. Fig. 1,3.-1 shows thar for
mixed waste paper (B12) the average amount of such impurities increased from 1.6
percent to 4.5 percent between 1984 and 1994 - as shown in the samples taken from
a certain number of bales. This increase of the proportion of impurities results from
the fact that the wasle paper recovery syslems have been significantly modified by
the establishment of DSD in the early nineifes. In collecting post-consumer waste by
containers on public places and waste paper bins of private households - which was
not corumon in [984 - end-consumers are not sufficiently experienced and careful to
keep unusable material owt of the collection sysiems. The following manual soriing
is not in a position 10 attain a level of cleanmess which would be desirable from the
peint of view of the waste paper processing industry. As shown by the frequency
diagram, 1 1994 -only 16 percent of the bales analysed fuifil the requirement in
respect to unusable material - in contrast to 635 percent of the bales investigated in
1984. However, one mnst be aware that the content of unwanted matter is also
affecied by the balance between supply and demand of waste paper and furthermore
by the management of individual waste paper suppliers {independent dealers or joint
companies of dealers and paper firms). _
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In comrast o sorted mixed waste the average content of unusable material of
supermarket waste (B19) slightly decreased from 1.9 percent to 1.4 percent during
the previous ten vears (Fiz. 1.3-2). However, the proporton of bales which fulfil
the requirement decreased 1o 2 certain extent, This makes evidemt thar intensified
collection of waste paper from distribution centers (supermarkets and rerailers) leads
t& an increasing volume of unusable material which is not sufficiently controtied by
the {ollowing manual sorting - if waste paper dealers and other organizatons Teally
perform a treatment which can be regarded as sorting in terms of removal of

trmpurities.
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In waste paper for deinked pulp, mainly received from private households and small
commercial enterprises, the amount of non-paper components such as rmetal or glass
15 on average below the set Limit of ome percent (Fig. 1.3.-3). The waste paper
maierial detrimental to production consists primarily of brown board grades such as
folding boxboard or (pieces of) corrugated containers. The proportion of brown
board and other packaging maredal totals three percent, whereas wet-swength
papers {&.g. kKitchen owels) and intensively dyed papers amount 1o one percent. This
propertion of five percent unusable material is definitely too high.

Waste paper for deinking comprises primarily wood-containing paper grades. The
composition of waste paper analysed at various locations in German}r'was 43
percent news, 42 percent pamphlets, magazines and catalogues, six percent
woodfree paper grades. four percent other white paper grades {e.g. recycled graphic
paper such as copy paper} and five percent unusable material as described. This
showed that the composition of waste paper for DIP does not fuifil the specification

of the wagte paper grades D31 and D39, which should contain at least 80 percent
news,

Thanks to the high recovery and utilization rates of waste paper in Germany -
including household waste - the average age of wood-containing waste paper for
DIF 18 relauvely low (Fig, 1.3.-4). The time interval between printing of news or
magazines and waste paper supply to paper mills is identified as the age of waste
paper. For example, 77 percent of news is not older than one month and only six
percent is older than three months when entering the paper mills. Pamphiets and
meagazines are published 2t weekly or mounthly intervals. Therefore, it is not
surprising that they are generally older. However, 42 percent of pamphlets and
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magazines are less than one month old and 83 percent are younger than six months.
For the benefit of a good deinkability, the waste paper for DIP is quite young
particularly in the case of offset printed news becanse offset inks significantly affect
the deinkability due to their nawmral ageing.

News Magazines

— M = Momh

Seourros Prrtr, ML Drmaasach M i)

Fig. 14 Age Distribution of News and Magazines 1905
in Wasts Maper tar DIP {1954) P

The proportion of graphic waste paper components of brown waste paper grades
were determined, with on average:

* 75 % graphic paper in sorted original mixed waste (B10)
* 69 % graphic paper in sorted mixed waste {(B12)
* 14 % graphic paper in supermarket waste (B 19).

In the case of B10 no specification is given for the proportion of graphic papers
according to the German Waste Paper List, whereas B12 should contain less than 40
percent graphic pﬁper. In reality the proportion is almost twice the permissible level.
E19 should contain at least 7¢ percent corrugated containers and no graphic paper
products. Neither criterion is met by the waste paper grade B19. The share of

corrugated containers is lower than specified and the proportion of graphic papers is
14 percent on average,

According to these findings it must be concluded, that the composition of the waste
paper grades investigated does not correspond to the specifications of the Waste
Paper Lists (German as well as European Waste Paper List) with respect to the
permitted content of impurities and to the proportion of graphic papers in case of
supermarket waste (B19) and sorted mixed waste (B12). Furthermore, waste paper
for DIP does not contain at least 60 percent news as specified.
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13.1.2  Moisture Content of Waste Paper

Cne of the often underestimared waste paper characteristics is the moisture content.
According to the German Waste Paper List the moisture content of individual waste
paper grades delivered must correspond to set target figures of agreements or
CORLTACES between weste paper suPpliers and paper mills, Depending on the waste
paper grade, the moisture content must be in a range between seven percent and
twelve percent, Table 1.3.-1 shows the average moisture content of various waste
paper grades, gravimetrically determined in 1984. The sampling procedure from
waste paper bales was developed by HP in Darmstadt based on cores taken out of
bales by means of a motor-driven core drilling device.

Tabie 1.3.-1: Moisture Content of Different Waste Paper Grades {1984}

Waste Paper Grade Average Mc-;sﬁture Content
Mixed waste paper (B12) _ 11.5
Supermarket waste (B19) 12.5

Pamphlets and magazines (D21) 6.5

Over-issued news (E12) 8.5
Wood-comtaining white shavings (014} 6.0

Woodlree white shavings. uncoared (R12) 6.5

Corrugated containers II {W52) 9.3

Corrugated conrziners I (W62) 11.0

Saurce: Insting flir Paplerfabrikarion/Darmstads {1995)

Investigations repeated in 1994 for the most importan {by volume) waste paper
grades resulted in the followine moisture contents:

* Mixed waste paper (B10): 100 %
» Mixed waste paper (B12): 12.0%
¢ Supermarket waste (B19): 10.5 %
* Waste paper for DIP: 3%

Comparisons are only possible in the case of mixed waste (B12) and supermarket
waste (B19). The motsture content did not alter significantly. The figures shown are
representative for individual shipments. but not for total seasons with different
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weather conditions which can influence the moisture content of waste paper during
collection as well as during outdoors storage. Compared with the small differences
of the average moisture contents documented, the frequency based on individual
figures, is more important, According to Fig. 1.3.-5 the molsure content is not
normally distributed, as illuswrated by three shipments of supermarket waste (B19).
The moisture content of individual waste paper bales can differ significantly from
the average of the total shipment. A moisture content of more than 20 percent was
not uncomunon in the case of single shipments of more than 30 bales {approx. 20
tonnes). These findings of 1984 were also confirmed by the investigation in 1594,

54 Frequency %)

g w © o oM@ &g
Freguaney (%]

i Stiomant 2

cd (28 Balea)

TaitS%

I - T I
2 Mpisturs Corthent (%]

Zarre: e i Papisr@crdetion, Darmsw (15851

| Freguency of Moistirs Comtent i
5% of Supermanet Wesee (B19) 1o

1.3.1.3  Ash Content of Waste Paper

The ash content was determined from homogenized. siushed pulp samples at a
combustion emperature of 973 °C according to DIN 54371 in the previous
mvestigations and at 373 *C 1n 1994, The higher combustion temperature was then
commen for the determinarion of the ash content of paper. The figures 5o obtained
do not reflect the reality in terms of the filler and pigment content due to calclum
carbonate decomposition (44 percent loss by weight because of CO- released) at the
nigh combustdon temperamre. To allow for the increasing comiemt of calctom
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carbonate the lower temperamre was chosen for the investigations in 1994
Averages of the ash contents are quoted in Tabie 1.3.-2.

The sieadily increasing utilization of fillers and pigments in paper production is
indicated by the increased ash conwent of mixed waste (B12) and superinarket waste
{B19) compared to 1984, Original mixed waste paper (B10) has an even higher ash
content than B12 also affected by its higher proportion of graphic papers.

Table 1.3.-2: Ash Content of Different Waste Paper Grades _

ETWEST.E Paper Grade Ash Content | Ash Content
(1984: 975 °C) {1994; 575 °C)
e To
Original rmixed waste (B10) — 18.8
Mired waste (B12) 140 173
Supermarket wasie (B19) 9.3 10.6
Waste paper for DIP (D 31) —— 19.8
Owver-issued news (E12) 8.5 S )
Wood-containing white shavings (014) 3253 ——
Woodfree white shavings, uncoared (R12) 75 .
Cormgated containers O (W32) 6.0 S
Corrugated containers I (Wé2) 3.0 e

Source: Inziing fiir Papierfabrikotion/Darmsiad: { 1985, 1994}

1314  Physical Characteristics of Recycled Fibers
1.3.1.4.1 Pulp Characteristics

Pulp characteristics of recycled fibers provide - amongst others - information about
the fiber-to-fiber bonding poiential developed by the refining of secondary fiber
stock. Pulp characteristics of recycled fibers, particularly in terms of freeness, are
affected by slushing conditions as well as by the fings content of the white water
used. The figures presented below are obtained in applying the same processing

procedure (disintegration on labscale in clear water) to the waste paper samples
investigated,
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Differing procedures are employed, however, when sampling baled and unbaled
waste paper. For the sampling of waste paper bales (all waste paper grades with the
exception of waste paper for DIP) the IfP core drilling device was used. By means
of this instrument waste paper cores are drilled out of bales having a weight berween
300 g and 700 g each, depending on waste paper grade and density of the bale, After
quaniitative and selective manua] removal of unusable material (particularly non-
paper components) the waste paper samples were used for further processing. Each
sample was homogenized in an Escher Wyss laboratory pulper for 30 seconds in a
volume of 12 liters of taps water. Tweo to four shushed samples from each bale were
then mixed, Final defibration of 2 part of the blended samples was subsequently
performed in a laboratory disintegrator (volume: two liters) for 25 minutes at 1.2
percent consistency with tap water separating residual flakes intn individual fibers.
Optical measurements are based on filter pads whereas mechanical properties are
determined by handsheets of a basis weight of 80 g/m2.

Unbaled waste paper for DIP was treated in a different manner. For one sample 30
kg of waste paper was homogenized in a low consisiency (LC) pilot plant pulper
(I m?) for ten minutes at four percent consistency. Final slushing of & sample of

twelve liters was carried out in an Escher Wyss laboratory puiper at four percent
consistency for 23 minutes. '

Correlations berween swength properties and long fiber content had already been
established for baled waste paper grades in the eighdes. The higher the long fiber
content the higher becomes tear (Fig, 1.3.-6Y. A further correlation refars.to fines
content versus Schopper-Riegler ireeness (Fig, 1.3.-7). With increasing fines

content Schopper-Riegler freeness increases and Capadian Standard Freepess

decreases, respectvely.

CHAFI_B. DOCA 1021997

NP RN NG

NN

v

h

P R,

I'\_;‘il I\._J

S

L

-

L

S



63

Tear [mNmim] T3
| i1
= g . T
1250+ z s -~
,% !
: 3 -
3£ i
1000 5 = 5
I | ¥ £ g
i1 i 3
i x
7w | $ B, 3 i
£ EE =© £
g A E‘ =
B T T T T T T — —
20 0 il 50 B0
Lang Fiver Conbert (5]
Sewma: drotinul Blir Pagisctatnioniten, Carmstsf {TEES)
P 155 Relationstip bewwesn Tear atd Long Floer Sortant IFF
L of Diffetent Wasts Paper Grades ‘fm
50 Echopper-Fiegler Freaness [SR] o
= E} -
i i
0 -~ £ 3
5 : 5 F i
40 % E 'E- o
r o [=] E =
£ z
&
10
8 $
a
3

20+

Bhaungs

B
i
ol § _

w20 3tz @
Fines Contant [36)

Boure: troctitt? 1r Frodecinbokation. Oarrees (1585)

g 1.7 Relationshin batwesn Schopper-Flagler Freensss I
i and Fines Content of Dilferent Waste Paper Grades 'ﬁi_

Table 1.3.-3 compares the characteristics of mixed waste paper (B12) and
supermarket waste (B19) identified in 1984 and 1994. Intensified recycling leads w
a nigher Schopper-Riegler freeness and fines coment of mixed waste (B12).
Becanse of raised brightness (1984: 38 % / 1994: 44 %) a higher proportion of
exaphic papers must be assumed in that vear, which was at 69 percent in 1994, but
not identified in 1984. In contrast, an insignificant decrease of Schopper-Riegler
freeness and fines content was obtained for supermarke: waste (B19). However, the
pulp characteristics of supermarket waste are kept on the same level despite the fact
that recovery and wrilization rates increased during the decade concerned.
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Table 1.3.-3: Pulp Characteristics of B12 and B19

64

Mixed Waste Paper {B12} 1984 ! 1994
Schopper-Riegler freeness SR 35 43

Long fiber content {Brecht-Holl) S 35 33

Fines content {Brecht-Holl) % 38 i a2
Supermarket Waste (B19) 1984 1994
Schopper-Riegler freeness SR 33 il ]
Long fiber content (Brecht-Holl) o 40 44

Fines content (Brecht-Holl) %o 34 31

Source: Insritut fiir Papierfabrikarion/Darmstady (1985, [994)

The present figures of the characteristics of waste paper for DIP cannot be
compared with results of 1984 because this grade was Insignificant in that time

compared with other waste paper grades of a high volume. Characieristics of waste
paper for deinking are shown in Table 1.3.-4.

Table 3.3.-4: Pulp Characteristics of Waste Paper for DIP

Wasie Paper (from households) for DIP 1994
Schooper-Riegler fresness SR 60
Long fiber content (14 + R3D % 26
Fines content (D200) % | 40

Source: Instimut filr Papierfabrikarion/Darmstadr {1993}

1.3.1.4.2 Mechanical Characteristics

The results of the investigations carried out in 1984 are shown in Table 1.3.-5 for
disintegrated but unbeaten recycled pulp. Almost identical mechanical properties
were found for sirnilar waste paper grades, for example mixed waste paper (B 12)
and supermarket waste (B 19). Against this background, the individual wasie paper
grades presented can be classified into one of the following groups:

« Group 1=  Fair strength characteristics:
corrugated containers I and I1. woodiree shavings

v Group 2= Medum sirength charactensics:
mixed waste paper, supermarket waste
(because of woody graphic papers being present)
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» Group 3=  Poor strength characteristics:
news, wood-containing shavings
(because of a high mechanical pulp content).

A differentiation of the strength characteristics depending on long fiber content can
be seen when dividing the waste paper grades mentioned nto thelr main utilization
groups in the fields of graphic papers and packaging papers and board. Fig. 1.3.-6
documents this with reference to tear. Taking the standard deviation into account it
is not surprising that results of neighbouring waste paper grades overlap, as, for
example, supermarket waste and mixed waste. Similar trends of the resuits were”
confirmed by the investigation performed 1994,

Table 1.3-5: Characteristics of 80 g/im? Handsheets (1984)
(Unbeaten Recycled Fibers, Average and Standard Deviation)

R

T

i

—

t
Waste Paper Grade Breaking Burst Tear Bending | Ply Bond 150
Length Siiffoess | Strength | Brightoess
b kPa miNwm N*mm, kNim e
Mixed Waste Paper (B12) 14=z0.3 125 =10 F000 £ 100 0,32 41032 4218
Supermarlet Waste (B1%) 25202 34212 HEE o 0.35 3A=02 32x3

Corrugated, Containers [ (W62} 18203 1535213 120239 037 18+£03

Corrugated Countajners I (W32 3.0%£0.3 I75£19 [100 a0 .34 1BxqI /22

News {E12) 2202 105=9 8300 % 50 - — d4%]

White Woady Shavings (014) 23073 1202 18 800 =90 - - 375

White Woodfree Shavings (R12) | 29202 16517 (1004 100
L i

Source: [nsttut fiir Paplerfabriftotion/Darmstadt { 1985)

Fig. 1.3.-8 shows the differences (as percentage) of the results of several
Characteristics of the-waste paper grades BI12 and B19 berween 1984 and 1994,
taking 1984 as reference. With respect to strength properties almost all
characteristics have been improved for both waste paper grades. by between 10

percent and 40 percent. The improvement of swength propertigs during the last
decade is supposed to be affected by:

» Improved wasie paper processing (in previous papermaking)

. ¢ Altered ratio berween chemical and mechanical pulp content of wood-
containing furnishes. '
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In the case of boih waste paper grades, bulk has been reduced (by 13 percent} which
impairs bending stiffness. The reduction of bulk is affected by increased ash
content, reduced mechanical pulp content and intersified recyeling with multiple
mechanical treatment of the fibers during previous papermaking, |
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Soumon: Purs. Fool, Casmadacdt (1996 .
Fa. 4.8 Chanea of Characteristics of Wasts Paper Gradas B12 and B19 1&
T bstwaan 1984 and 1884 (1584 a5 Befersnce) .

The most important strength characteristics of handsheets made of waste paper for
DIP are as follows (1994):

+ Breaking length: 3.5 km

» Tear; 1,130 mNm/m

These figures are almost identical with those of mechanical pulp despite the fact that
the (undeinked) recycled fibers have an ash content of 22 perceni. Breaking length
and tear are superior 0 stonme groundwood {(SGW) and are in the range of
presstrized groundwood (PGW) and thermomechanical pulp (TMP).

The reason for the Impressive strength characteristics of these recycled fibers
assessed (with an ash content of 22 percent) is that chemical pulp is a substantial
part of the wasie paper for DIF utilized in Germany. By microscopic analysis of
newsprint made of 100 percent recycled fibers and by modelling of newsprint
furnishes based on waste paper, the fiber composition of waste paper for DIP from
private  honseholds was quantified. The fiber composition of newsprint
manufactured in Germany {1994) from 108 percent waste paper was as follows:

* 55 % mechanical pulp
* 34 % softwood chemical pulp
+ 11 % hardwood chemical pulp
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The chemical pulp content of DIP for newsprint being as high as 45 percent
caniributes 10 good strength characteristics of DIP based paper. The range of the
characteristics of recycled fibers commercially deinked by pre- and post-flotation is
shown in Fig, 1.3.-9, Ash content and strength characteristics of handsheets made of
commercially deinked pulp are in agreement with the comesponding results of
laboratory analyses of undeinked samples confirming the quality of DIP.

. #haracterigtics Range
FULF PROFERTIES
Schopper-Fiegler SR 54 - 51
A30 « B&0 % a7 =42
A10G ~ R200 ® 21-25
oang % 83-35
Ash Contert (75 °C) % . 12-15
HANDEHEET
PROPERTIES (80 wind)
Ash Contert (ET5°C) % 11-14
Densiy glem? 0.54 - 0.57
BEraaking Langth kam 2B-38
Taar mkim 1050 - 1260
Burst kP 148 - 165
FPofesity (Bengtsen) mlfmic 108 - 130
150 Brightness % g1-83
Lumindrice - &7-70
Oipacity % 97 -59
L*alye - B -a7
*=valis . =1 41
E*Valua - 50.75
TIF promutsd by doubie fatzhon from & wasts paper M
o about S0 % magarwy o 50 % newn

Characterigtics of Commettisl BB ]
Fog 135 [Samphes taken at Machins Chast 1365
Seush: Iratny fi Pasiertabriaton, Dprmrmeh (1R | oo

1.3.1.4.3 Optical Characteristics

Qpuical characteristics are highly relevant for such waste paper srades which ara
used for deinking and manufacturing of graphic papers as weil as sanitary papers
and further products {e.g. top layer of white lined board). For brown waste paper
grades such as mixed waste {B12) and supermarket waste (B19) or old corrugated
containers I and IT (W52, W62) optical propertizs are almost irrelevant with the
¢xeeption of appearance (¢.z. fraedom of specks) of packaging paper produced. This
is a smaller problem than it is for graphic paper and sanitary paper, due to the darker
background which lowers the visible contrast significantly. However, appearance of
packaging paper and board is an increasingly significant marketing issue, Therefore,
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the pulp for top layers of testliner and board is commonly treated separately by
dispersion to reduce the size of specks below the visible range.

On the other hand, excellent optical characteristics of DIP are essential. Besides
brighmess and uminance, opacity 28 well as colour shade are parameiers which
must fulfil stringent requirements. Fie. 1 .3.-9 shows figures achieved from double
flotated DIF based on household waste. ISO brighmess of aboutr 62 percent is
common for this type of (wood-containing) DIP, By separate bleaching with
hydrogen peroxide, sodiump dithionite and formamidine sulfinic. acid (FAS)
brightness of about 68 percent can be attained for such wood-containing waste paper
material. In the case of other waste paper grades {e.g. purely magazines) brightness
can be further improved.

Addidonally to brightness and colour shade, cleanliness of DIP is an important
criterion. particularly in the case of high proportions of DIP in newsprint or by
inroducing DIP in high-qualiry graphic paper grades, such as SC- and LWC-paper.
Ar present it is not worth discussing analysed speck figures because no standardized
testing methods, testing procedures and size classification of residual ink and dirt
particles are available and agreed, respectvely, either nationaily or interpationally.
So far, each DIP manufacturer charatierizes specks, but the figures obiained are not

comparable with corresponding findings of other manufacturers or rasearch
Organizarons.

1.3.1.5  Chemical Characteristics of Waste Paper
L3151 COD of Pulp Filirates

With respect to chemical characteristics of wasté paper even less information is
available compared with physical characteristics. In the earlv eighdes the COD of
waste paper caused by dissolved matter released during slushing in tap water was
evaluated with reference to the filirate of the pulp slury (Table 1.3 -6). Mora recent
results are only available for mixed waste (B12) and supermarket waste (B19).
Because of insignificant diffarences between the findings of 1984 and 1994 for B12
and B19, as far as averages are concerned and the large range of COD of all waste
paper grades investigated, the previously attained ranking should be stll valid. The
highest COD (30 kg/tonne waste paper) is caused by woodfree shavings and
corrugated containers I1. This is not surprising, because the dominant paper grades
present in these waste paper grades are nsually treated with starch - by wet end or
size press application. The second category contains waste paper grades with a COD
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of about 18 kg/tonne, with the exception of news (E12) where the lowest COD of 14
kgftonne was deterymined. ln principle, a CCD load of 15 kg/tonne wasfe paper

stands for a loss of approx. one percent crganic carbon comtalning solids either
related to fiber material or additives including starch.

Table 1.3.-6: COD of Different Waste Paper Grades

Waste Paper Grade COD [kg/Tonune]
Range Average Average
: 1984 1984 1994

Mixed waste paper (B12) 12 - 24 18 15
Supermarket waste (B19) 16-22 19 22
Over-issued news (E12) 10 - 18 14 —
White wood-containing shavings & - 30 18 --
(014) |

White waodfree shavings (Q14) : 17 - 40 25 -
Corrugared containers I (W32) i 23 - 37 30 .-
Corruzated containers I fWa2) ! 1126 18 ==

Source: Insttru fiir Papierfabrikarion/Darmstad: { 1985, 1954)

1.3.1.5.2 Cuations and Arions

Inorganic compounds in waste paper, such as heavy metals, alkaline earth metals or
saits may criginate from fibers. fillers and pigments or chemical additves used in
preceding papermaking. Paper converting and printing, paper consumpiion and
waste paper collection might be further sources of contamination. The concentration
of inorganic substances are of special interest not only with respect 10 waste paper
utilization in paper mills, but also with respect w waste paper used for other

recycling purpases {e.g. particle board, moulded producrs) and for compesting or
ENErgy recovery.

One of the first investigations on the content of heavy metals in wood. mechanical
and chemical pulps, fillers and waste paper was performed in 1985 at the
Deparmment of Paper Science and Technology in Darmstadt, The findings of waste
paper analyses are presented in Fie, 1.3.-1Q. The data obtained after a pressurized
nitric acid decomposition of the total substrate mairix represent the total content of
heavy metals in waste paper - regardless of the proportion fixed in a very stable
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manner to inorganic components (e.g. fillers, pigments). With respect to the
averaged figures it becomes evident, that news has the lowest heavy metal content.
The mercury concentration is close io the detection limit, The cadmium content is
identical with that of mechanical pulp made of spruce. Lead and chromium are in
the samne range of about 3 mg/kg oven-dry pulp {3 ppm).

r Fb,Cr Hg ] Cd Ph Cr Fl Cr
mg e 2 Swemarkat Wasis (B8} . ragiug
100 0= =0 ey E13

Mg.Cd 227 eyt {CF
. 0 st Vi {812Y

- 1 mgieg = DGG R e g ﬁ rngr; [
] . L
mgy 104 . é - @ Fil g
R AN
104 EL, = :: % 1 E'EU =
118 Hﬂﬁl I
_i oAb pp 49 & M, n-.l“m } k -
"1 peowd beow L
] 1 Souncen it e
g-fumi] : P
Fg t.a-18|  Heavy Metal Conient of Different Waste Paper Srades (1985) 1;':5
L. SOure: My, U2 Gedpr. A Gatlsching, L. Oanvesadt (1282} A

The highest content of lead and chromium is identified in magazines. Also in this
waste paper @wade the mercury concenmation is partly helow the deiection hmit. The
average concentration of cadimium is 400 pg/kg (400 ppb). Lead is found on a level
of 40 mgfkg and chromium at about 20 mg/kg. The ratio between lead and
chromium dees not correspond to a relationship which must be expected if lead
chromate from printing ink pigments would be the main source for these heavy
metals. Evaluations of unprinted and printed paper confirmed that the analysed
“Theavy metzls do not otiginzte from printing inks in the first place,

The heavy metal contents of supermarket waste (B19), mixed waste (B12) and
corrugated containers IT (W32) are below that of magazines. Generally, waste paper
has g higher lavel of heavy merals compared with virgin mechanizal and chemical
puips where the concentrarion is in the range of wood. A dominant source of heavy
meral conramination - particularly of laad and chromium - are fillers. pigments and
inorganic chemicals wsed in previous papermaking. (Therefors, papermakers
manufactaring paper from virgin components have a responsibility W ensure the
purity of such materials.) The content of heavy metals in fillers and pigeents
depends on their geographic origin. Clays from Germeny, for example, have &
higher lead content than other clays, whereas the chromium content of North
Amgerncan carbonates 18 usnally higher than that of carbonates from Europe, Due w
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the heavy metal content of fillers and pigments, 2 highly filled paper made of virgin

fibers may have a higher heavy metal content than a paper based on recycled fibers
with a lower content of fiilers or pigments.

Heavy metals of fillers and pigments are strongly fixed in the crvstal lattice and are
therefore almost insoluble in water. Heavy metal concentrations in aqueous paper
extracts are m the lower ppb-range (ppb = parts per billion). The limited migrafion
to water has apother positive effect: White water contamination by heavy metals is
insignificant, even In waste paper processing paper mills. The heavy metal
concentrauons of effluents discharged are far below the concentration limits set by

the Federal Waste Water Act. Generally, they are even below the limits sat for
drinking water in Germany.

A further comprehensive study on heavy metal concentrations of different waste
paper grades was performed by Papiettechnische Stiftune (PTS), Munich, in 1993,

The compeosition of the analysed waste paper samples is presented in Table 1.3.-7.

Table 1.3.-7: Composition of Waste Paper Samples

Sample Composition of Waste Paper Samples

WE-1 1N¢ws (DIP + Virgin Pulps)

WP-2 | Packaging Paper, Paper Sacks, Corrugated Containers II
WE-3 Writing and Printing Paper, Office Waste

WP-4 | Graphic Recycled Paper, Grey Board

WP-5 | Composite Materials (incl, Liquid Board)

WP-6 Pamphlets, Magazines, Catalogues

The heavy metal concentration was determnined

* i cold water exiracts {CW Extracn
* In ot water extracrs {(HW Extract)
+ in hydrochlorie extracts of ash (HCI Ash)

* after pressurized nitric acid decomposition (HNC3 pressure decomposition)
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The results of heavy metal analyses are given in Fig. 1.3.-11 to Fig. 1.3.-17 as
mg/kg oven-dry substance {waste paper). For all waste paper samples investigated
the total concentration of cadminm and mei‘cury are on & very low level. The highest
total concentration of chromium, copper, nickel and lead are analysed in pamphlets,
magazines and catalogues. It is obvious that the heavy metals in these papers

originate matnly from fillers and pigments, which are present to a higher extent than
in the other paper grades,

| oo

-1 p

oM+

0351

0.101

Fpraa  Seumium Conpenimation of Ditterem Waste Paper Grates e
Affectad by Sample Preparation {1853}

---------------------------------

-----------------------------

—E et T st - .

Lot¢ S ¥ Extre WO Ja, ¥y Preasan
Sourres Evtrd, K A, W, Beiconau 1954} Cacomeoation

Fig. 1342 Mercury Concentration of Different Waste Paper Grades 1 HP

Affected by Sampls Preparation {1993) Lﬁ_,

i

In all cases the water-soluble portion of heavy metals is considerably Jower than the
total content only released by severe decomposition. There are insignificant
differences between hot water and cold water extraction. This must be considered,

when waste paper is disposed of by landfilling or when it is used as & co-substrate
for composting.
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T Extraad W' Extrix
Soarna” Ernad, f Al W, Haiclaruey (1264]
Fig 1413 Chromiumn Concantration of Different Waste Paper Grades (2]
Affected by Szmple Praparation {1993} 1955
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Lead Concarttration of Dlifsrant Waste Papar Grades e
Fig. 1818 Aftectad by Sample Preparation (1983} ol
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The degres of migration of anions from waste paper into cold water is shown in Fig,
1.3.-18. The amount of water-soluble nitrate is very low (5 mg/kg to 65 mg/kg waste
paper). The level of migrated chlonide is between 65 mg/kg and 280 meg/ks waste
paper. The highest conceptration of water-soluble sulfale was measured in the cold
warter extract of mews, caused by the application of aluminium sulfate in the
production of this newsprint. Considering the migration of chioride and nitrate there
15 no sigmficant difference berween the different waste paper samples investigated.

b

1.3.1.3.3 Chlorinated Grganic Compounds

Investigatons on the origin and the fate of chlorinated organic compounds in paper
have shown that the main sources for these compounds are chiorine and/or chlorine
dioxide bleached chemical pulps as well as wel-sirength agents based on
epichloriydrine. The parameter AOX quamtifies the total content of halogenated
organic compeunds in paper. The AQX content of recyeled pulp ranges berween 50
mg/ke and about 350 mgkg oven-dry substance. Thus the concentration ganerally is
on a higher Jevel than the content of papers based on virgin pulp. but only in the
case that the used chemical pulps are bleached with chlorine-free technologies. The

results of AOX analyses, however, are not suitable for an assessment of the
ecological toxicity,

It is well known that chemical pulps bleached with elemental chlorine may give rise
to the formation of polvchiorinated diexins and furans if the chlorine charge exceeds
a certamn level. For chemical pulps delignified with oxveen and bleached with
chlorine dioxide, polychlorinated organic compounds such as dioxins and furans are
generally not present above backeround levels, provided that the raw materials used
{wood, water, chernical additives etc.) are free from contamination.

The increasing use of TCF and ECF pulps in the German paper industry affects the
dwoxinffuran concenration of recycled fibers significantly, While in the early
nineties the dioxin/furan content of recycled pulp was in the range of 10 ng I-TE/kg
to 30 ng I-TE/kg oven-dry pulp, the concentration decreased later rapidly to 2 level
of < I ng I-TE/Kg to § ng [-TE/kg oven-dry pulp. The lower figures are measurad in
recycied graphic papers, the higher values in recycled packaging papers. Possible
reasons for higher concentrations of recycled packaging papers is the use of
pentachlorophenol (PCP) as slimicide in some European and overseas couniries.
The German paper indeswry had aleady renounced the utilizagon of
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pentachioropnencl m the begmning of the seventies. Today, nor production, sales
neither utlization of PCP is permitted in Germany and some other European
countries. ' '

Further swdies were performed on the content of polychlorinated biphenyls (PCB)
of recycled fibers. PCB compounds were & major component in carbonless paper
until the early seventes. PCB contamination originates from post-consumer wasie
paper mainly recovered in offices. As shown in Fig 1319 the PCB level of
recycled fibers has been significantly reduced, In 1983 the average PCR content of
different paper and board grades made of recycled fibers was 4.6 mg/kg oven-dry
substance, In 1992 the level was 0.4 mg/kg oven-dry substance. Data of 1995 are in
many cases below the detection Limit of the test method (gas chromartography).
Considering this, it can be confirmed , that the PCB content of waste paper used in

Germany becomes irrelevani because 1t cannot be detected by sensitive rest
methods.

PCE Content [mo/kg Dry Substancs]
&

1983 1992
n= 169 i = 25)
St rwkias e bt Trarmaai fYeE
. 1217 Average PGR Gorert of Recyelgd Flber Containing 1&
Paper and Beerd Mzde of Recyded Flbers et

Guidelines and recommendations have been worked out in respect of the content of
certain heavy metals and low molecular weight organic subsmances {e.g.
polychlorinated biphenyls, pentachlorophenol, formaldehyde, givoxal) in paper and
board intented to come irto conmtact with foodstuffs and for use in tavs. EU
legislation covering paper and board used in food comtact applications will be
developed in the near future, following Recommendation XXX VI (Empfehilung
XXXVI) in force in Germany. Generally, products made of paper and board
containing recycled fibers fulfil the set limits of this recommendation.
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132 Technology of Waste Paper Processing

Each waste paper processing plant of & paper mill is a system of different units of
operation. The layout of such sysiems is mainly governed by the waste paper
grade(s) processed and the papér or board grade(s) produced. The sysiem has to
meel exacling requirements in terms of capacity, efficiency and economy, product
quality and environmental issues related to energy consumption, white water loops,
water-bormn enussions and solid waste generated. Waste paper processing is
primarily based on mechanical stock treatment partly supported by chemicals (e.g.
deinking) or totally performed by chemical regimes (e.g. bleaching). The basic
5lages in waste paper processing compnse shushing (disintegrationfdefibration),
cleaning and screening, dewatering and thickening as well as white water treatment.
Upgrading measures are increasingly established in order to improve pulp and paper
characteristics depending on individual paper and board grades produced. The
significance of upgrading technologies such as fractionation, dispersion, beating,
deinking and bleaching is increasine mainly with reference to graphic and samitary
papers made of deinked pulp (DIP).

The funcions of the different stages are as follows:

Skushing

aims at the separation of the fiber network of waste paper into single fibers and
restdual flakes. Therefore, fiber-to-fiber bonding must be wezkened by means of
water {and semetimes by chemicals) in combination with mechanical as well as
hydraulic forces. The slushed pulp slurry contains fibers, fillers/pigments and
addittves. used in previous paper manufacturing and converting as well as impurites
(unusable material). Nowadays a variety of equipment and procedures are available

such ag pulpers (operatng ot low or high consistencies) or partly perforated rotanung
drums,

Cleaning and screening

must be carefully performed in each waste paper processing plant in order to
remove imptrities from the pulp most selectively and quantitatively. With reference
to the density of the fibers, impurities can be divided into three categories:

» Particles with high density such as stones, sand, metal, glass, ...
+ Particles with low density such as cork, polystyrene, ...
» Particles with identical density such as wood, wexiiles, plastcs, ...
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Cleaning is conductied in cenwrifugal cleaners removing either paricles with high
density (g.g. staples, sand, ..) or Iow density (e.g. stickies of low density).
Screening serves the removal of impurities by size and shape. For that purpose
pressure screens are commonly employed. In pre-screening aiming at the
elimination of coarser particles. perforated baskets remaove piastic foils and similar
impurities. Fine screening by means of pressure screens is performed with slotted
baskets removing shives and stickies in the first place.

Dewatering and thickening

are compnuisory units of operation in order to contro] the consistency of the pulp in
specifically required ranges depending om succseding processes (sg. high
consistency for dispersion or peroxide bleaching). Dewatering and thickening are
conducted with wire or belt presses, disc filters or screw presses. In waste paper
processing plants the filtrates generatad by thickening are reused - with or without
special whire water treatment.

White water treatment

wecomes inereasingly wnporiant, at least in advanced waste paper processing plants,
So far, it is-still regarded as an optional treatment stage. Due to pemmpanent
recirculation of white water in waste paper processing plants, the content of solid
mateer (fines and fillers) as well as of dissolved organic substances {quantified by
COD) is increasing. To separate the water circuit(s) of the stock preparation plant
and the paper machine, thickening or dewatering stages are required. The recovered
white water is reused for slushing and/or other dilution purposes within the waste
paper processing plant. Before its reutilization the white water can be weated either
by sedimentation {clarificarion) or by micro-flotaton applying flocculation agents.

Upgrading precesses

are of a different narure depending on paper or board grades to be produced. The

most traditional unit of operation is beating, similar to beating of chemical pulp. In -

beating of recycled pulp a compromise must be aimed at: maximization of fiber
swelling (development of internal and external surface arez) and minimized fiber
cutting avoiding a significant change of freeness which affects drainage on the
paper machine.

By means of fractionation the pulp slurry is divided into a long fiber and a short
fiber component which can then be uvpgraded separately according to its

composition. The long fiber fraction contzins a higher proportion of impurities
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which must be treated, e.g. by dispersion. Dispersion of a part of the pulp resuits in
a reduced power demand related to the total pulp. This procedure is supposed to
contribite to energy saving.

Dispersion is carried cut in order to reduce the size of certain impurities such as
wax, bitumen or ink particles below their visibility limit of approx. 30 micron. Size
reduction of bitumen or printing ink particles improves the appearance of the paper
sheet produced. Unfortunately, dispersion causes a brightness reduction - in the case

of white recycled fibers - due to the increased specific surface of the invisible ink
and dirt particles,

Deinking is a purification process hased on mechanical, hvdraulic and chemical
forces predominantly aimed at the removal of printing ink particles. Additionally
demnking removes certain fypes of sdckies and speck generating impurities. Two
different processes of deinking are state-of-the-art: flotation and washing. In
flotation differing surface characteristics of fibers (being hydrophylic} and ink
particles (being hydrophobic) guaranwee the removal of ink, whereas size and shape
differences between fibers and ink particles are more significant for the removal of
ink particles as well as fillers and pigments by washing.

Bleaching is a pure chemical reaction which takes place in further uzannent of
demnked pulp (DIP). In waste paper processing, bleaching must not contribute to
delignification which will result in a high loss of yield in the case of wood-
containing DIP. Most commen chemicals are hydrogen peroxide, sodivm dithionite
and formarmidin sulfinic acid (FAS). Chlorinated compounds should not be used for
environmental reasons. Oxygen or ozone are supposed to be inadequate bleaching
agents in sequences with the above mentioned chemicals.

1.3.2.1  Features of Basic Unit Operations
1.3.2.1.1 Slushing

Waste paper is mainly delivered in form of bales kept together by metal wires. Less
than 30 percent of waste paper volume processed in Germany is delivered unbaled
(Fig, 1.5.-20). Particularly waste paper for DIP, processed in large deinking planrs,
1s predominantly unbaled (75 %). To operate large volumes of unbaled waste paper,
discharge stations and special storages are compulsory, On the other hand no
squipment for wire cuttfng and removal is required. The delivery of baled wasie
paper is common for all other waste papet processing plants.
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The target of a pulping system is the transformation of waste paper into a suspended
pulp slurry which can be pumped at a low energy demand. In principle, the same
equipment as for chemical pulp can be used. Opened bales or unbaled waste paper
are conveyed by a flar rubber belt or 2 lamella conveyor to a pulper or a drum
system. Drums are comrponly operating in deinking plants.

Pulpers are available in various designs. They operate batchwise or continuously at
low consistency (3 % - 7 %) or at lugh consistency (15 % - 20 %). Low consistency
(LC) pulpers are predominanily of the continuous type and used for slushing of
brown and mixed waste paper grades. High consistency (HC) pulpers run euher
. batchwise or continuously and predominantly in deinking plants, For graphic waste
paper continuously operating HC dmuns are also employed. Drum pulping
guaraniees a gentle disintegration of waste paper with the effect that contarninants

are kept at larger size and can therefore be more easily removed in the following
screening stages.

In general, LC and HC pulpers are of circular tub design with a rotor {the rotor axis
15 usually vertically mounted) and baffles for slushing. Rotors are rotating with
revolttions between 150 min™! and 500 min™’. Pulpers are available with different
rotor designs depending on the waste paper to be treated and the consistency range
applied. LC pulper rotors have a low profile, whereas an HC puiper has a rather
large central rotor with helical flights. In LC pulpers shear forces are dorninating
whereas in HC pulgers, due to lower rotor speed, shear forces decrsase and friction
becomes more important for an effective shushing acton. To remove coarse
impurities a perforated extraction plate is placed at the bottom of the pulper with
hele diameters between 10 mun and 30 mm. Continuons LC pulpers are usually
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equipped with a junk trap system, in which contaminants such as plastics - not
passing the holes of the extraction plate - are aceumulated. The junk trap is normally
emptied intermittently by a double-valve discharge arrangemnent. Separate screening

systems outside the pulper such as secondary pulpers or post-screening drums are
sometimes connecied o the pulpers. They are used:

* of necessity if there is no perforated extraction plate inside the pulper to

protect the following squipment and the pumps from damage by coarse
contaminanis,

» if a batchwise HC pulping system with extraction plate is used to recover
fibers from coarse contaminants,

» In continuous LC pulping systems to increase capacity by transporting a
part of the stock through the system and by recireulating the accept.

Addidonally, in LC pulpers. large cirenlating irnpurities (bale wires, plastic foils,
suings, textiles, etc.) are removed by a ragger. The device slowly winds up a rope,
which is spun from these contaminants thanks to the rotary motion in the puiper.

Drum palpers are shightly inclined. The waste paper Is {ed inwo thetr wpper end. The
drum is divided into two sections:

* the pulping zone with a consistency betwesn 13 percent and 20 percent
¢ the perforated screening zone where water is added for dilution decreasing
consistency 19 SiX percent or even less.

In the pulping section the waste paper is lified by baffles through the rotation to the
top of the drum (2.5 m - 4.0 m diameter) and falls down to the bottom. In this

machine the mechanical forces are very gentle but sufficient to turn the waste paper
for deinking into a puip slurry.

Continuous pulping systems guarantee 2 more homogeneous pulp, but the feeding
equipment has (o be more sophisticated for an automated process. With batch pulper
systems the defibration can be easily adapted to the requirements of changing waste
paper quality by varying the pulping time. LC pulping systems domipatz in
traditional waste paper processing plants. HC operation is common in deinking
plants, The main advantages of HC pulping are:

= an efficient detachment of ink from the {ibers by higher friction forces

o an effective chemical action due to higher consistency (e.g. bleaching
chemicals)
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¢ 2 gentle slushing by reduced shear forces which avold severe disintegra-
tion of contaninant {e.g. adhesives, book backs).

Drum pulping systems are bigger in size, require larger space and are more costly
than HC puipers at the same capacity. Investrnent cost cornparisons shonld ke into
account that the cost difference for the total pulping system is much smaller than the
initial difference hecanse of sdditonal equipment for reject treatment and a maors
sophisticated conwol System for HC pulpers. On the other hand lower energy
consurmption, lower maintensnce costs and a more gentle mode of operation are
advantages of drum pulping sysiems,

1.3.2.1.2 Cleaning

Contaminants of waste paper have a great variety in terms of composition and size.
Large or high-density contaminants can be relatively easily removed. Provided that
large contaminants are not too far disintegrated during pulping, they will be already
removed to a great extent in the pulper. Smaller contaminants such as staples, paper
clips or sand as well 4s fragments of disintegrated larger contaminants will leave the
pulper with the accept and must be removed in the following stages of processing.
This is also the case with other Important contaminants such as:

» Stickies and other Heht-weight contraries
+ Ink particles
» Colloidal and dissolved impurites,

In order to protect the following equipment from damage or excessive wear smaller
heavy-weight contaminams (e.g. staples} must be removed, first of all. The
hydrocyclones applied are characterized by conical design and taﬁgential pulp inlet.
Cyclones make use of centrifugal forces to remove contaminants above a density of
apout 1.03 gficm?®. The efficiency of contaminant removal 1s generally improved with
lower consistency of the pulp feed and with smaller diameters of the cyclones.

Immediately after pulping, high-demsity hydrocyclones are installed. They are
specially designed for high consistencies berween four percent and six percent. By
application of a rotor at the top of the cyclone the rotaticnal flow is strengthened
and the pressure loss is lower. Due to centrifugal forces, high-density particles move
inside the cyelone to its wall, Because of the conjcal cyclone design these particles
rotate helically downwards to the reject outlet, High-densiry hydrocyclones are
equipped with a reject box where a recovery of fibers by flush water and a
pneumgatic valve sysiem is provided, Illumination and a glass window at the
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separation zeone are helpful 1o control the cleaning effect by adjusting the flush
water volume. The cleaned accept is usually removed at the top of the hydrocyclone.

Conventional hydrocyclone cleaners are then used to eliminate smaller high-density
particles at lower consistencies (0.7 % - 1.3 %). There the centrifugal flow is not
created by a rotor but by the tangential feed and the transfer of inlet pressure into
flow speed. The presgure drop batiween inlet and outlet is in the range of 1.3 har to
3.5, bar. Because of the contimuous reject flow some fibers are alse removed
together with the reject. This is the reason that cleaners are installed in different
stages, The accepts of the second, third and following stages are fed back to serve
fiber recovery. The reject from the last stage is sent to waste. '

Hydrocyclones separate fiber components and impuridies by means of density.
During this process there is not only an enrichment of high-density particles at the

periphery and the lower end of the cone but also of particles in the center of the
cvclones which are lighter than the suspension. This effect was first employed to
remove air and small poivstyrene particles in the production of testliner and
corrugating medium by inwoduncing a concentric pipe in the upper part of the
cyelone. The obtained de-aeration might be sufficlent for packaging paper and board
grades but it 1s not sufficient for printing and writing grades. The concept of

removing low-density contaminants (e.g. stickies} was developed further and is
applied in deinking plants.

Instead of the de-aeration flows for the removal of low-density conwraries Teverss
centricleaning is performed. Reverse centricleaning refers to a situation where the
flow, which constitutes the accept in conventional systems. is representing the reject
and vice versa. High reject rates and pressure drops are the drawback of such
svsterns. To avoid these problems other types of cleaners for the removal of low-
density impuritics have been designed. These so-called through-flow cleapers have
an tangennal pulp feed at the top of the cleaner. Accept as well as reject are
removed at the upper part of the cleaner. For low-density contaminant removal with
high efficiency further equipment has als¢ been developed, e.g. cleaners with motor-
driven high speed rotating conical rotors or cylinders. By the high centrifugal
acceleration of the pulp inside of this horizontal cleaner type the low-density
contaminants are concentrated and removed from the center of the cleaner. High
investment costs and encrey demand are the bottienecks of such cleaner types.
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13.2.1.3 Screening

The removal of impurities or flakes whose density is similar that of the fibers i3
performed by screens, Today pressurized screems are widely wsed, Pressureless
screens such as vibrating screens are nof suitable for high capacities and are used

only in final stages of a screeming cascade. Pressurized seresns separate -

contaminants from the pulp shurry according to their shape and size. The pulp flow
passes conunuousty perforated screening baskers with holes or slots. Hole sizes are
in the range of one millirpeter to three millimeter and slot widths berween 0.10 mm
and 0.8 mm. These openings are widened towards the accept side. The reject which
is reswained by the screen must be removed continuousty to aveid pluggimg. Due to
the simultanecus removal of a substantial amount of fibers with the reject,
pressurized screens are connected in cascades, The consistency used for the smallest
holes and slots 1s below one percent and the process is named fine scresning. In
deinking plants fine screening is performed very often after flotation whereas for the
producton of packaging paper and board, a pressurized screen operating at low
consistency is established first in the approach flow systern. Higher consistencies up
to four percent can also be applied In screening, but oot in the case of very small

holes or slots. Very often this pre-screening stage 15 placed zhead of flotation and
afier a first cleaning stage,

The design of prassure screens does not only include the openings of the basket but
also the geometry of the screen plate which can be plain or comoared. Compared ©
standard baskets with the same opening dimensions, profiled baskets can be
operated with double the censistency (= double capacity) and half the specific
energy demand. At the same capacity or energy demand, smaller basket openings
can be chosen for profiled baskets, resuiting in an improved screening efficiency.

Additonally. the geometry of the screening rotor and foils and the clearance
between them and the basket are important to produce pressure pulses for keeping
the openings free from fibers and contaminants. Four basic types of c¢ylindrically

shaped pressure screens are available, characterized by the flow direction and the -

arrangerment of the foils:

» Inward flow, foils at inlet side

* Qurward flow, foils at inlet side

o Inward flow, foils at accept side

» Owtward and inward flow, foils af inlet side (double basket design}.
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For sereening in the higher consistency range, two configurations have proved to be
advantageous. One is the rotor arrangement inside the screen basket and flow
through the basket from inside 1o owtside. Due to the fact that the rotor is located in
the stock inlet zone impurities can be forced berween the foils and the screen baskes
surface. Therefore the gap berween 1otor, attached hydrofoil and screen basket
should be kept as jarge as possible and the rotor speed as low as possible. These
condinions guaraniee the formartion of an auxiliary fiber laver inside the screen

basket for the benefit of scresning efficiency - even at larger openings (generally
above 2.5 mm diameter).

The screening system with operation of the screening rotor in the accept area and a
puip flow from outside to inside has also proven effective. This arrangement allows
smaller gaps between foils and basket surface. In this manner, an intensive cleaning
efficiency of the screen basket openings is achieved as a result of the hydrofoil
shaping and the high circumnferential speed. These are essential conditions for the
use of small screen basker openings (1.5 mm 10 2.5 mm holes and slot widths
berween 0.2 mm and 0.6 mm} in the high consistency range. In general, sloted
screens have the drawback of lower capacity compared with holed screens.

The efficiency of a screening confignrarion does pot only depend on the size of the
openings. The combination of various pressure screens with different hole sizes and
slot widths as well as the following reject treatment of each screen by a traditional
cascade or by forward-fed accepts influences significantly the over-all screening
efficiency. For single pressure screens. the screening efficiency is improved with
increasing reject rates. At the same reject rate, the velocity of the flow passing the
screen openings 15 the dominant factor for screeninz efficiency. At high flow
velocities. sereeming efficiency can be reduced significantly, especially for stickies
which are uswally elastic and can be pushed through the openings a1 high velocities.

1.3.2. 1.4 Fractionation

Fractionation machines are similar 1o pressurized screens. Instead of a reject and an
accept stream two accepts are generated. On the “reject side” of the fractionator a
long fiber enriched fraction is obtained. whereas the "accept" fraction is enriched by
shorter fibers. The baskets of fractionators are plain and perforated with holes
between 1.0 to 1.6 mm diamerer depending on the waste paper grade, Fractionation
consistency is in a range of three percent. The "rgject” rate varies between 40
percent and 60 percent {approx, 50 percent is very common).
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Fractionaton is mainly carried out in stock preparation plants for corrugating
medium, testliner and folding boxboard. The long fiber fraction ("reject") with its
lower Schopper-Riegler freeness (compared with the total pulp and the short fiber
fracton) is dispersed or beaten improving strength and optical perfoermance without
affecting the freeness wo sienificantly.

In DIF production, fractionation is not yet applied, although some benefits might be
expected. Ink patmcles wonld be enriched in the short fiver fraction and the demand
for detnking capacity for this fraction could be smaller (approx. 30 percent). The
long fiber fraction will be quite bright and could be bleached separately to higher
brighmess compared with the total pulp. The long fiber fraction would be almost
free of ash. The ash content of the short fiber fraction could be separately controlled
by washing. Dispersion for the detachment of residual inks would be only necessary
for the long fiber fracdon. Long and short fiber fractions could be bieached
separately making use of the most effective hleaching chemicals. So far, only one
commercial application in manufacturing DIP is running in Europe. In this case the

short fiber and long fiber fractions are used on different paper machines for the
producton of various paper grades.

1.3.2.1.5 Beating

Bearing of recycled fibers conmibutes to the recovery of strength characteristics. It is
almost exclusively performed in the weatment of (brown) mixed waste paper grades,
whereas deinked pulp is nsually not yet post-refined. For beating the typical refiners
which are also used in chemical pulp beating (disc as well as conical refiners) are
emploved. Due to the high Schopper-Riegler wemess of mixed waste, refining must
be performed very gently by using low specific edge loads to avoid an excess of
fines production causing drainage problems on the paper machine. In combination
with fractionation, refining is only performed with the long fiber fraction.
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1.3.2,1.6 Dispersion

The objecrives of dispersion are different depending on the paper and board grades
produced. In the producton of beard, dispersion aims at an increase of bulk,
beneficial for improved bending siffness. In manufacturing corrugated medium and
testliner dispersion 1S mainly carried out in order to reduce the size of residual
impurities such as wax, stckies, ink specks ewe, below the visibility Umit {< 30
microns). Dispersion weatment of DIP is performed not only for the reduction of
speck size but also to detach ink particles and contarninants from the fiber surface,
After dispersion DIP is treated very often in a subsequent flotation (for newsprint
production) or washing (for production of sanitary paper) stage in order to remove
the detached ink particles improving brighmess and cleanliness. Dispersion of DIP
becomes increasingly important with higher proportons of recveled fibers in pulp
furnishes for paper producticn. Due o the fact that dis.perscrs' are alsa effective
mixers for bleaching chemicals they are applied ahead of bleaching stages.

For effective dispersion the pulp must be dewatered to consistencies of at least 25
percent (up 1o 35 percent). Dewatering of the pulp is a prerequisite to separate the
while waler loops in & paper miil. Usnally the thickened stock is preheatingsd by

saturated steam i¢ temperatures berween 80 “C and 120 °C. Two dispersion systems
are avaitable:

¢ Kneaders
» Disc dispersers

Kneaders are available as single- or two-shafted machines on the market, They are
characterized by low rotational speed (< 300 min-!) and a relarively wide gap
between the bars, resulting in a gentle friction action. Strength characteristics are
negarively affected with increasing consistencies, energy input and temperanire. On
the other hand bulk and porosity of the paper sheet are improved. This is the reason
that these machines are mostly applied for board production,

Disc dispersers are similar to disc refiners. Pressureless systems (< 100 °C) are
dominating. The thickened pulp is fed by a screw conveyor into the disperser, The
shear forces are comsiderably higher than in a kneader due to the high rotation
speeds of 1,000 min-! to 3.000 min-! and small disc clearance below one
millimeter, This results in an effective dispersion of inks and impurities, In DIP
production, only disc dispersers are applied in Germany. In contrast to kneaders,
increasing energy input leads to improved strength characteristics (breaking length,
burst, CMT) but to decreased bulk and porosity.
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The energy input for dispersion in the production of corrugating medium, testliner
and board ranges from 30 kXWhionne to 50 kWhitoane. For sufficlent ink dispersion
and detachment of residual ink particles in DIP production, the energy demand is on
a higher level berween 50 kWh/tonne and 60 kWh/tonne.

1.3.2.1.7 Flotation Deinking

Df:iiﬂc'mg Is targeting ar the removal of ink from printed (white) waste paper grades.
The development of deinking capacities (with reference to flotation) during the
previous decades underlines the importance which this technology has achieved
{Fig. 1.3.-21). Deinking chernistry is very complex and the chemical reactions are

not completely understood. The chemicals applied have to fuifil the following
functions:

Separation of ink particles from fiber surface (detachment)
Break down or agglomerating of ink particles to adequate size
Removal of ink particles from the pulp slury

Improvement of optical properties by bleaching

Controlled removal of fillers/pigments

{de-ashing, mainly by wash deinking}
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The chemicals are mainly added into the pulper or the drum with the exception of
bieaching agents which are partly applied separately in the post-bleaching stage, In
Fig. 1.3.-22 the places of addition of chemicals and their types are showa for the
treatment of wood-Containing waste paper for newsprint and recycled graphic paper
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as well as for the treatment of woodfree waste paper for the production of sanitary
paper. The range of the dosage of the applied chemicals are listed in Table 1.3.-8,

WG m Wikter Slass
b2 % A/ Focarn

H.“Fﬂﬂt FA o Flpiation Agwr S&I'lﬂ:lr!r P‘P‘lr
Heevelnd Fapet EiA = Blaarhing Agend {WWoodires)

Hourca: bptitt fr Pagsertalriamen, Carmstat (1535

F i i B "
g 1.3.22 Addifion of Cremicals for I_Jelnlnng and Bleaching voos
of Waste Paper for Mewsprint and Sanizry FPapers b

Table 1.3.-8: Dosage of Deinking and Bleaching Agents

DIP for Newsprint and Recycled Paper

Addition to NaOH Sadium Flotation Bleaching
Silicate Agent Agent
Pulper/Drum 0.20- 210 0.75-3.00 0.15-0.65 0.12 - 1.BO
Fiotation - - (.20 - 0.60 -
Dispersion G.20-070 0.40-1.00 - (.50 - 1.45
;Usvﬂleaching 050 -070 £.40-1.00 - 0.23-1733
DIP for Sanitary Paper {(Woodfree}

Addition te NaGh Flotation Agent | Bleaching Agent
Pulper/Drum - ¢-0.30 --
Dispersion Q-0.1%8 - 0,35 -0.40
Post-Bleaching 0-0.60 -~ 0-0.735

Figures as percemage related w oven-dry pulp
Source: Institut fiir Papierfabritation/Darmstad: (1996)
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The detachment of ink particles from the fibers is the primary function of the
pulping and dispersion stages. The separation of the detached ink particles can be
performed by two different processes, which are sometimes employed in
combination in the case of sanitary paper. The processes are flotation and washing,

In flotation deinking, physico-chemical effects (hydrophobicity) contribute to the
aggregation of ink particles and the attachment to air bubbles. The buoyancy of the

air bubbles shift the ink particles 1o the suspension surface where ink-enriched foam
is removed from the pulp shary,

I a floration process the fiber suspension is diluted to 2 consistency of about one
percent. Air 13 introduced either by self-sucking injectors, rurbines. or compressors.
The mixing of air with the pulp slury is performed by turbulence caused by
injeerors, so-called mixing chambers. For high flowation efficiency the ink particles
should be in a range of 10 microns to 120 microns.

Flotation czlls available are differing according to:

Shape (round, eiliptic, rectangular)

Stock feed (central, tangential, at bottom, below pulp slurry surface)
Foam removal {free overflow, suction, paddie)

Atmospheric or pressurized action.

With the exception of one design, all flotation lines include several flotation cells
organised in one or two stages. Generally, the froth from the multipte flotation cells
of the first stage is collected and flotated 2 second time in so-called secondary
flotarion cells, identical with the cells of the primary stage. The advantage of 2 two-
stage system is & reduction of losses, which are in a range of five percent to ten
percent depending on the waste paper grade and its ash content.

1.3.2.1.8 Wash Deinking

The alternative to flotation is the removal of ink by washing, Washing is based on
the principte of replacing the "ink Yaden” water phase, in which the ink paricles are
dispersed, with clean water, In Germany, washing is only employed for the
production of sanitary papers and, in Europe, by some mills manufacturing
newsprint or LWC paper. However, flotation is the dominating deinking process in
Europe and Asia, Preference ro washing is given in North America. Nowadays there
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is also a trend towards flotation deinking tzking its technological benefits into
acCount.

For acceptable washing efficiency, the detached ink particles must be as small as
possible, in a range below 10 microns, to provide the passing of ink particles
ihrowgh the filier media {e.g. a wire) and the fiber mat generaed by dewateﬂng.'
Together with the ink, also fillers and fines are removed by washing. This is the
reason that the yield of washing is in a range of 23 percent to 30 percent for waste
paper grades used for sanitary papers in Germany. In traditional washing machines
(e.g. deckers or sidehill screens) the washing process is performed by a stepwise
counter-current displacement of the water phase containing the ink particles, Each
stage comprises dewatening followed by dilution with the filtrate from the
succeeding stage. Clean water is only used in the last stage.

Drewatering action in washing devices can be based on hyvdrostatc forces (e.g.
sidehill screens, deckers), on a combination of hydrostatic and mechanical effects
{e.g. wire presses) o1 meainly performed by mechanical forces {inclined sereens,
extraclors or screw presses). In mmost modern washing devices dynamic {cenuifugal)
forces are additionally applied (high speed washers) in order to improve washing
efficiency. The last mentioned machine is often applied in only one or in two stages.

Efficiency of ink removal in a washing machine can be caleulated by the
consistency differences of the pulp berween inlet and outlet of a washer, assuming
simply that the ink is removed in the proportion as water:

_ 100(c, —c;)
(e =e)(100-¢))

100 [%]

with ¢

outlet consistency of pulp (%]
£; = inletconsistency of pulp (%l
¢p = consistency of filtrate [%]

However, the real Ink removal rates are significantly lower than the theoretical ones,
due to interactions between ink particles and fibers and because the particles are not
soluble and will be retained more effectively with the thickening fiber netweork
during dewatering, Because the amount of ink is difficult to determine on the one

hand, but ash contents are easy to measure on the other hand, ash removal rates for
typical washing machines are given in Table 1.3.-9. If the ink particles are well
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dispersed they should behave very similar to filler and pigmen: particles during
washing.

The filtrate from the wash deinking sv:ige contains a high quantity of ink particles,
ash and fines, To overcome the high water consumption of the washing process it is
absolutely necessary w ¢lean the white water {at least after the first washing stage)
and to reuse the purified water for dilution in the last stage at the end of the process
line. Water cleaning is mainly performed by DAF (Dissolved Air Flotation) which
guarantees removal of more than 95 percent of the incoming solids. The re-use of

the froth from DAY in papermaking Is not vet realized. This is the reason for the low
vield of not more than 70 percent.

Table 1.3.-9: Operating Ranges and Ash Removal Rates of Washing Machines

Type Operating Range Ash Removal Rate
Inlet Cons. | Outlet Cons. | Theoretical Practical

[%] [%] {%] [%]
Sidehill Scresn 0.8 3.0 74 &0
Decker 0.8 3.0 RS 55
Inclined Screw 3.0 10.0 72 45
Horizontal Press 4.0 28.0 89 35
Dynamic High Speed 0.3 10.0 93 80
Washer 1

Source; Grofimann et al. (1994)

1.3.2.1.9 Alternative Deinking Processes

For deinking other processgs were proposed more recently:
- Ulrasonijc deinking
- Deinking by electrical fields

- Ink agglomeration by chemicals and removal by centrifugal forces
- Fiotation in centrifugal fields by gas sparged cyclones
- Solvent deinking |
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These proposed methods for ink removal from waste paper stock have not yet

reached an accepted commercial application, partly they are still under development
on lab or pilot scale,

1.3.2.1.10 Bleaching

Bleaching is only performed on DIP. The bleaching chemicals applied are free from
chlorine or chlorine compounds, The target of DIP bleaching is the improvement of
brightness and the adjustment of the colour shade, Bleaching is usually carried out
at the end of the stock preparation process of during dispersion berween two
deinking siages. Nevertheless, peroxide is applied during slushing in most cases of
wood-containing waste paper treatment in order to avoid alkaline vellowing of the
mechanical pulp fibers. Bleaching chemicals wilized are either oxidative (hydrogen
peroxide) or reductive (sodium hydrosulphite, FAS) acting agenis. The most
favourable bleaching conditions are:

Peroxide: 20 percent 1o 30 percent consistency, 60 "C w0 80 °C, 1 hto 2
h. atkaline environment (pH % 1o pH 11}

Sodium hydrosulphite: 4 percent to 6 percent or 0 percent o 13 percent with
medivm consistency (MO pumps, 30 °C w© 70 °C, 20 min 10
1 h, slightly acid environment (pH 6.0 to pH 6.5)

FAS: 10 pereent 1o 15 percent consistency, 50 °C 10 70 °C, 1
' alkaline environment (pH 8 to pH 10)

The brightness gains obtained with DIP are always smaller compared with virgin
mechanical pulp at the same bieaching conditions. In bleaching of wood-containing
DIP, brighmness increase of three points 1o six points in one stage is a fairly good
resuit. Brightness gains up 10 ten points are obtained in the case of a two-stage
bleaching sequence. Higher brighmess increase is only achieveable in colour

stripping of dved woodfree DIP - as far as the suitable dyestuffs were utilized in
previous papermaking.

L3.2.1.11 Dewatering/Thickening

Thickening is a corppulsory stage between various wasts paper treatment processes
in order to adjust the consistency of the pulp to suit the operating conditions of the
different machines. Due to the fact that each thickening device causes investment
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and operation costs, the number of installations must be reduced to a minimum.
Simple stock preparation systems such as for corrugating medinm do not need any
thickening, But in the case of a disperser system, dewatering is indispensible to

obtain high consistencies above 20 percent. For this purpose belt thickeners or
screw presses are avatlable.

In deinking plants, thickening is also necessary after flotation where the pulp has
only abowt one percent consistency. For the first thickening stage (up w© siorage

consistencies), deckers are employed in older plants, whereas disc filters are

common for new installations. When bleaching or dispersion must be performed a
second thickening stage is required with screw presses in new processing plants or
belt presses in older plants. For new installations, disc filters and screw presses are
common becanse different white water qualities can be obtained by a disc filer,
which can then be used for different purposes. Screw presses guarantee higher

consistencies compared with belt presses, resulting in an improved dispersion and
peraxide bleaching efficiency or both.

In the context of white water treatment, intensive dewatering is advantageous for the
separation of water loops in stock preparation plants. This enables, for example, the
first Joop to run under strong alkaline conditions for the beneafit of ink detachment
and a second loop neutrally for the benefit of reductive bleaching. By diluting a

demked pulp of low moisture content with paper machine white water the carry-
over of colloidal material on 1o the paper machine is minimized,

1.3.2. 112 White Water Treatment

With the permanent reduction of fresh water consumption and effiuent volume,
multiple usage of white water is a necessity before it is {inally released to the waste
water treatment plant, Fresh water is usually only used at the paper machine. The
white water in the stock preparation becomes increasingly Ioaded with inorganic and
organic dissolved matter, In qrder to control the conceniration of white Wwater, s
mternal treatment becomes increasingly common in waste paper processing plants,

In paper mills producing cormugating medium, testliner or board with a reladvely
open waier circuit, the white water is often ireated in old fashioned clarifiers by
sedimentation, sometmes also by flotation. Recently a project started on a
commercial scale to evaluate the possibilities and advantages of anaerobic and
aerobic white water treatruent in a totafly closed paper mill.
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Paper mills with deinking plants are not yet effluent free. The fresh water
consarnpiion of newsprint mills ranges at spprox. 7 mfronne to 10 mifonne. In
deinking plants, the white water is successfully wreated by dissolved air flotation
(DAF). The only difference between various mills refers to the position and number
of DAF units employed. In one mill, each separate water loop has its own DAF unit.
In combination with floccniation chemicals, it is possible to remove a large quantity

of antonic and non-ienic trash (potential stickies) by DAF for the benefit of paper
machine runability and paper quality. '

1.3.2.2 - Equipment/Process Combinations for Different Paper Grades

The basic stages of waste paper processing are described earlier. Simplified flow
sheets of waste paper processing systems for the production of different paper
grades are discussed in the following sections. In general, waste paper processing
plants have individual designs in termos of their layont and equipment. aven if the
same paper grade is produced,

1.3.2.2.1 Corrugaiing Medium and Testliner

The total German production of medium and liner is made of waste paper such as
mixed waste paper (B10, B12) and supermarket waste (B19) partly uperaded by a
small proportion of ¢orrugated comainers I/I1, The production of medium and liner
amounts 10 2.9 million tonnes and the waswe paper utilizarion rate is 107 percent.
This production requires 3.1 million tonnes of waste paper which corresponds ro 50
percent of the volume of ordinary waste paper grades.

The layout of a waste paper processing plant for manufacturing corrugating medium
and testliner is rather simple. In principle, only the following process stages are
compulsory: slushing, pre-cleaning/pre-screening and fine cleaning/fine screening.
The fine cleaning and fine screening stages can be integrated in the approach flow
systemn of the paper machine.

The stock preparation systern in Fig, 1.3.-23 is more advanced than present site-of-
the-art. After LC slushing, pre-cleaning and pre-screening are performed at about
four percent consistency followed by pulp fractionation. By separating short and
long fiber fractions, the following treatment of the long fiber fraction serves
economy (energy saving) and quality (by dispersion and/or beating), While the short

CHAPL_C DO 102,97




96

{iber fraction is not further treated, with the excepiion of a possible dewatering, the
long fiber fraction is dispersed, beaten or both. Beating improves strength
properties, while dispersion affects appearance in terms of cleanliness. Depending
on the structure of the paper machine, long and short fiber fractions are either
biended or used in separate plies of the paper produced. In the latter case, the top
laver is made of the long fiber fraction because this pulp contributes to a berer
performanee and printability, The rejects generated by slushing, pre-cleaning and

pre-screening, fine cleaning and fine screening totals about seven percent which
equals 220,000 tonnes in 1994,
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1.3.2.2.2 Folding Boxboard

The production of folding boxboard and other board grades (e.g. lined and unlined
grey board) totals 2.0 million tonnes based on 80 percent waste paper such as mixed
waste (B10, B12) and supermarket waste (B19) for inner layers, news for the back
layer and woodfree or wood-containing waste paper for the top layer. The waste
paper volume used amounts to 1.6 million tonnes. The dominant proportion consists
of ordinary waste paper grades, whereas smaller volumes comprise medium grades
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(back layer), superior grades (top layer) and kraft-contaming grades {top and/or
back lavers).

Fig 1.3.-24 shows the lavout of a stock preparation plant for the production of the
back and middie layers of folding boxboard. Considering that folding boxboard
exists of various plies, fractionation is very commeon. But in conwast 1w the
production of corrugating medium and testhiner, short and long fiber fractions are
used separately in different layers of the board.

The utilization of waste paper for the top laver of folding boxboard requires a
flotation process in order to fulfil optical requirements (Fig. 1.3.-23). Before
flotation, slushing and pre-cleaning/pre-screening are performed. After flotation fine
screening and fine cleaning stages are established before the DIP is dewatered,
followed by storage or post-bleaching in combination with dispersion. Due to the
fact thar for these purposes often woodfree waste paper grades (office waste) are
nsed which are non-impact printed (toner of laser prints), dispersion is consequently
required in order 1o obiain optical homogenity and cleankiness.

Erown Wasts Paper Grades White Wasts Paper
(B0 f B2 / 519 ¥
_._.L.... - Fisingt
; Shushing
! ] ™
|| Suering l_._i’l_,,, __.r__
I Fre-screaning Fisject
Pre-cxeening Reject | HD SReaning
T Cleamarg _i_J
Fletation | Slwige B
Lorg Fiber Fragtion | Shon Fber Fractan , )
r — F_mn Sa'e-eu?mg ] _FPmiect
h J Fne Clearing
[ Thikgkearing ¥
| Thickening
b ¥
Cispersion Thickening | ¥
. —— - —
Rscycisd Fiber Aocyeiad Flbars |  Beatng | v
1 (Back Fiy} Miacle Pling) 3 — - 1; b — BoeE
. Slud
Recycisd Fivers (DIF) naR
Sourre: Lyt i Pacsrhnrkation, Jamstae (1955] Souroy: e S Papserfabriaction, Darrmetett 1923
. . e
SimEied Schame of Wasa Paper Frocasdrig P Fio_ 1.2.28| Simpiled Schema of Wasta Faper Processing
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1.3.2.2.3 Graphic Papers

The traditional layout of a stock preparation for manufacturing graphic papers such
as news (1.3 million tonnes) and recycled graphic paper (0.3 million tonnes) from
wood-confaining waste paper is shown in Fig. 1.3.-26. In such stock preparation
plants HC slushing is common. After pre-cleaning and pre-screening, flotation is
performed followed by multi-stage fine cleaning and fine scresning in order to
control the stickies content. After dewatering, disperser bleaching is state-of-the-art.

Upgrading treatment of wood-containing DIP for SC- or LWC-papers is identical
with & stock preparation plant for news up to the disperser bleaching stace (Fie.
1.3.-27). Additenal treatments then comprise post-flotation, post-bleaching and
gentle bearing to adjust the fiber properties to the requirements of such papers with
their higher quality profile in terms of cleanliness and printability.

¥hita Waste Pazaer : White Wasls Pacer
{o11-0a9) {01102} _
Slushing | Reiect : : i
Defibeaion | Datbration
! ¥
— Fre-scraaning Rejmct
Pre-seresaning Felect HD Claaning >
HE Claaning T
¥ Aotaton Sharige
. Slydge
Fiotaion | Sivdge ] 2
'L Fine Scrpaning Feject
Flrea Claaning

Fine Screacing Rejeot

g | ==

1:?.5, Fig. 1.3, Singiified Scheme of Wasie Papes Processing | (P

for Hioh-Girage Graphic Paper (SCILINMG-Fageg | 1995

Tor Graohic Paoars. (Meawkaint, Recyciet P

Thackening : - Alnaching
I "
Dispavser Blpaching Fesi-Flotation Sluags
| P ot [_SEga 5 Pemst-Blomskdng -
T ]
- 7= 2 L Finjects, Siudge
_ I 8/t . mects, Sludg
Recycled Fibers [DIF} B“:"““
Fource: It fllr P erhebriition, Darraue (1565 _ Recyciad Fivora [CIP}
Fia 1_.,“251 Simpified Schame of Wasts Pacer Procassing | [P Fourca; It fs Papimcieneaticet. Dt 11095}
f

o

A well operating waste paper processing plant is characterized by many
techniological details such as the combination of the accept and reject flows within
the screening and cleaning cascades, the white water treatment and reuse of residues
and the reject management system. In this context, the design of the white water
system with its loops, which are not shown in the flow sheets presented, is very
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important. For example, in manufacturing DIP for news, there exist stock

preparation planrs with anything from none up @ three dissolved ar flotation
systems for white water treaurent. '

1.3.2.2.4 Sanitary Papers

Sanitary papers produced total 0.9 miilion tonnes based on 69 percent waste paper
which correspounds to 0.6 million tonnes of waste paper partly in terms of wood-
containing ordinary grades (e.g. news and magazines) and partly as medinm grades,
Because of limited waste paper availability and economy, woodfree waste paper
(stperior grades) are of minor importance.

According to Fig. 1.3.-28 the waste paper processing plant is relatively costly
betause of muli-stage deinking based on flotaton and washing which results in a
large volume of sludge for further processing or disposal. Besidas ink removal
deinking of waste paper for manufacturing of soft sanitary paper must aim at a most
effective de-ashing, The furnish based on recyveled fibers must copiain not more

than a few percent of residual fillers and pigmenrs which had been applied in
previous papermaking and coating.

Whita Waste Paper
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The ash content of the furnish and the paper produced affect most of the important
properties of sanitary paper such as softness and water absorbency. Besides ash,
fines must be also remaoved. The removal of printing ink, fillers/pigments and fines
results in a volume of sludge in the range of 23 percent to 30 percent whereas
scresning and cleaning contribute to a further reduction of the yield. Finally about
30 percent to 33 percent of the waste paper processed must be regarded as waste
{rejects and sludge) which is increasingly vsed by the cement industry,

133 Waste from Waste Paper Processing Paper Mills
1.3.3.1  Composition and Volume

Industrial manufacturing activities are unavoidably linked with the generation of
solid waste, because it is impossible to operate any process at 100 percent efficiency
or yield. In the first place. waste management at paper mills must aim at the
avoidance of waste by following measures:

Reduction of waste volume leaving the manufacturing processes by application
of internal measures which improve retention in papermaking (. g. by means of
retention aids, save-alls, closura of white water loops).

In-mull reuse of waste in terms of fibers recovered from wasie water clarifier
siudge or by energy recovery (. g. park, sludge. rejects).

Wasie volume reduction must be regarded as the primary opticn, followed by
external waste utilization in other industries. energy recovery by the paper industy
and other forms of rense of waste. Waste reduction at source eases the control of
problems associated with the downstream handling of waste.

[n general, intensified waste paper utilizarion leads 1o an increase of the volume of
waste. particularly as rejects and deinking sludge. Of course, one of the advantages
of waste paper processing is an overall reduction of the volume of municipal waste.
But then the volume of indusmial waste has to increase due to rejects of ¢leaning
and screening and deinking sludge generated by sophisticated upgrading measures
in waste paper processing and pecanse of efficient muiti-stage wasie water Teaiment
to comply with tight discharge standards. '
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Table 1.3-10: Waste of the Paper Industry

Wood Residues | Stock Preparation Sludges Incineration QOthers

Reiects Waste
Bark Ragger Tail Deinking Sludge Ash Chemicals
Sawinst Drurn Rejen Clarifier Sludpe Cinders Wasie il
etc. Screening Rejects { Biolagical E‘;iudge ' Flue Ash ' Wires
Reject of Cleaners Gypsum Felrs

Sowrce: Instirut fiir Papierfabrikation/Darmstad: {1995}

Table 1.3.-10 classifies the main components of paper mill waste such as bark (from
mechanical puiping), rejects. sludges, incineration waste and miscellaneous. The
management of these components requires measures appropriate to their
compositon. ash content. dry conent and the possibility of pollution by evermally
harmfu! substances. The weight-related subdivision of different waste components
in various production groups of the German paper industry is shown in Taple 1.3.-
11. The volumes presented refer 1o wet matter with different dry coments. They

reflect the differing inputs of raw materials into the mills in various production
groups.

The composttion of paper mill waste varies considerably depending on the wype of
raw materials used at different mills and the number and tvpes of cleaning and
screening stages applied. In the case of trace components such as heavy metals or
organochlorinated compounds. possible contamninations by virgin  furnish
components used in preceding papermaking {e. g. chemical pulp, additives) must be
taken into account. Sludge and rejects of deinking plants and of non-deinking waste
paper miils can contain trace components of chemicals, additives and printing inks
used in previons papermaking. paper convertne and prnting. Some of these
rnaterials are still loaded with heavy metals or with organochlorinated compounds.

Physical and chemical charactenisiics of waste of German paper mills are shown in
Table 1.3.-12. In view of set limits of govenmental regulations, paper mill waste is
not considered 0 be hazardous. This is also valid for deinking sludge which was
sometimes regarded as contaminated with heavy merals.

CHAPL_C.LOCA 102 97




O0000000000000C00OCO000O0

4
[
L |
(C664) IO 12 5y Soss{agsy [2nog
I P32ASSY 11y
ssaqLp WA LA
St -. . ; o L - e ! ] - e . " H " - ¥ ! L] e . - N "...._.ﬁ NS MR - ...F.r
. BEREIDT | T westawr ROPTHYl | L96'Es SIEN [EE'NEE HIR'GLY GEE'ED] 04651 Ly L ] 11 oigtic V| ups0mg h_u_,..ﬂ_._#_ rm_w ITBAL JoROT
. . ' - A : - ..._:... . Yey
URLET vELON LEy) H It &4 o) T ET s GiE 1L ke Lt o, D s
HiLEe S Y Wi (1] L )] 0FL i By 113 ups 0 | L'l arseay anda ] v
LiG'6R 0Ey'LE tia'd sz o alr FOET (R cod Gl 17} JGE'] | FAR T | LR e 4]
AN 141 LT My 1} Uy ta') i H n L 0 GUL'E o wensliay ,
SETRYI oy LIRS 'y L[l eI IL6'0L i) {l I 0 T 5oy | %y L8 -
TREGL] TF'T Rl TEE'S ] FAt ] HOLRL i} 0 a 0 SHIN'L BT Tl T § LI TR T TN TR N
TR ] THEVhI o ] L T isl L WL ] o ] Q 0 SHMIIS PRELY
LY a ACRIE 0 L i H1A {1 oy oy 0 i Q o D aBpnpy Topyingogg -
HHL 190 ey LTI HEEY USHTN Vi WN'TE I "y o e LS Ul sl FFpnp jeagiopeggr -
R In) asl'ye TINCHY ot " SLTT LI¥IL Kz MTE " L i Excr 5Ny EEITIEL 1
ERLCEY SO5Y EhwLum NI | L] A "y Loy (TEYH IS ) K12 14 HYL G WWFE Ten'EE aipa)g
C SO 181 BLtal QELYL REY 98 18T 104 ¥ird Wit W NH: 1 L] 0eL'y & Ad g
RLS'g gsr LN n 1 IKE QI IHNYY NMFS " o Tire BOIAY a AA S122fay
S6LTINT e FEH 0 It Iy MEL L [} 0] B PIRRITS BUKYRL f 1 nang
. ) LI TTE TR T L CTE TS . FnpyEiig Tuympan aspg
! s e, moynge | - moyw K - : Comm | monga . ukey
i . WP g e L Pied g ey | 1312 ppiangs | asarg papbony | G- _ 3
..h R ._.. : . .... af .... e L . R ..._ O o ! i ”.. Coe o sl .h.. Wi AR s R pasog
o ndey ¢ B - L . o f Awyupmuop | pue tadeg
Lyepdadsy Jaqyt pApadsey Wwouy plvoqy pul Jadeg T aade ] Ltegueg o -poagy ‘....“.. uu._._vnn._s_.” :

(M5 1am Jo sonio) ) saandyg)
(Po6 1) £nsnpug 10w, neuza oy Jo stlasasy nonponpoug WERIDJJI Jo Msepy :TI-¢ ] O],




103

feaai ) 13 0 wesskiygsy fazanag

SINDD/CLYN Ui fploaoe uogeaiabeg Anarxe ] RUODEUIANY = F1-T 44

{NICT) UohEZIpAptS 10 UONEAIURGIC URRLIAD 01 [0 SPOYIRIAL 1594, [MBPURIS O Sarpiondy

. - - - VRS -8R iy -sw 't -0 L Ay Rl DD
i S v gy SO {1 E I [1eral I T TSI (- fird 1) Ty
- - - it oy un > o= At
508 b9 0EE'T - S0 ELl -kL .- | oz -vbR el -TH wr  -F9 DSI'T, - L6R o Badw '
I're -1o® €1 A0 rzo -ap | sto -0 640 -10 -0 I 15+ LS PY: (TR
T 0T o > §> IR £ €1 -ots cge -0l AT " Fguw
VGBL e LS 0T -7 Ers -oe o { B0z -8l SFE -THY c6r 66l peb - 9'EE C Byaw
RTINS £ g - -0l = A DR TA S (TTANRY 74 gon  -Tv tos 88 oir -8%¢ N T T
3 R 1 3 FEE, - I00 &L RED ['r - E0D £ -Tra geg - I0°Q s -510 L cviydar )
og]  -£It | Y |1 g oz | 6 -OF TR olg -0l veE =80 RS- T T
byl 9D - 1R1 - re L GLD 9l L1 -EM o sTn o, iy
. 1Ry - O I | “THh [ 5 I T (T 0 A %, "y
RSN X4 - (et (IR 41 HER A TN R 33t er -t 1 I A BT ) |
w36y - afe - (1§ 1 SUTRE N 149 L - oot oyt - un M IR T iz P 3
gt > - wi = T ] (TR T oHre - ust Byl M- YN
L V1] - By Ly A Y | ey W s At ory -wE ", FI
g -1'0s . FY RV T gl -l TSI R Thir - org - 16T e M
R Y U - O by Ll e Y T FA O 4 § (S o A e o
- IR ES ure (TR E o't oo o> . a5
- SIr > 50p > Sup - 310 B sin > N . )
_ - re -0} g .-l1o0 Ly -0 e - o grp <100 o -rg T tet
b - oro> i | ore - Q1o mor GIRTES . 01 gy o
- $'D -tox WYg - Enn ¥ -E00 1 - nry - 1o il ol & =
rZl T WE YN (Y 21 L vy £y - S A R Y 84 1l
- TR [\ UEWH] - 0pTsY ORIV - DT T A UGE'LT * DGR BEHFUT - (R LAY Ty
- ST -0 LEV L -0z uiry  coeltl 1T -sen Is'y - C1ET -%I1E fa ) iy onprg Tumies|
3T re -LE e =1L s Ll ey - P T (Y wey  ~op CTa HIE ] g T ERYS
£ 11 I 1) I'sk. - Th R AN 3] L L A 4 129 - I'HK LTE -FhL (R N ", uey A
i o T ey damgmiagy LTV EL ) [earRojougg . .
L1 T ) : .
...E.Eu:_u._m sprafayy " g . edpn|g o Lol " 5

~




104

Deinking sludge is characterized by a high ash content, which varies in a broad
range affected by the grade(s) of recovered paper. the number and types of
processes {e. g. flotation and wash stages) applied and the quality requirements of
the paper manufactured. Ash of deinking sludge consists mainly of ¢clay constituents
{aluminium $iicate), calcium carbonate and negligible amounts of titanjum dioxide
or other fillers and pigments. The ash content is in a range between 45 percent and
70 percem. with sludge of paper mills manufacwaring sanitary paper and using
deinked pulp falling at the higher end of this range. The heating value of dry sludge
varies with the ash content (5 MI/kg to 10 MJ/kg oven-dry sludge).

Nitrogen and-phosphorus contents of deinking sludge are negligibly compared with
biological siudge. This must be considered, when deinking sludge is used in
composting and agricultural application because it requires the addition of further
components containing sufficiently high contents of nirogen and phosphorus.

The level of heavy metals of sludge of wasie paper processing paper mills is
generally [ow. In Fig. 1.3.-29 the conceniration of heavy metals of deinking sludee
is compared with the content of heavy metal of bio sludge of waste water trearnent
plants of paper mills and of mmnicipal sewage sludge. These data make evident thar
sludge of deinking plants is less contaminated than those of municipal waste water
treatment. Parucularly the concentration of cadmivm and mercury is insignificant.
sometimes even below the detection Hmit of the test method applied (atomic
absorption spectrometry). Only the concentradon of copper is of the same order of
- magnimde as that of municipal sewage sludge. The copper content of deinking

sludge 1s mainly caused by blue pigments of printing inks based on phthalocyano
compounds. ' '
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Traces of halogenated organic compounds such as polychlorinated biphenyls
(PCBs) and peolvchlorinazed dibenzodioxing (PCDDs} as well a5 polychlorinated
dibenzofurans {(PCDEs) have o be taken into account. too. PCBs were used in
manufacturing of carbonless copy paper not later than in the early seventies. PCR
discharges from waste paper processing mills may be caused by old post-consumer
waste paper. The PCB level of deinking sludge has certainly decreased significantly
since then. Recenr data ohtained from several deinking plants confirm that PCR

conceniration is below the detection limit of 0.3 meg/kg dry solids (0.3 ppm = 0.3
parts per million).

PCDD/PCDF concentrations of waste of waste paper processing paper mills show a
similar partem of decline, Due w0 the ongoing change from elementally chiorine
bleaching ro chlorine dioxide and to totally chlorine free pulp bleaching, the
PCDD/PCDF contents of solid waste of German paper mills decreased significantly.
Today, PCDDYPCDF concenrrations of deinking sludge ranges between of 25 ng I-
TE/Kg and 60 ng I-TE/kg dry solids (I-TE = International Toxicity Equivalent).
These figures are not significantly higher than the average contents of PCDD/PCDE
of municipal sewage siudge. As a resuli of modifications of the bleaching sequences
of virgin chemical pulps dioxin formation is declining in most pulp producing
countries, Consequently, dioxin discharges from waste paper procgssing paper mills,
which are aiready low, will eradually decrease further.

The parameter AOX (adsorbable organic halogen-containing compounds) plays an
essential role in German regulations. For example. the direct application of sewage
sludge on agricultural soil is regulated with respect o heavy metal concentration,
PCB and dioxin concentrations as well as ACX. In many cases the AOX of deinking
sludge is above the set lmit of 300 mefkg dry solids, Investigations at the
Department of Paper Science and Technology, Darmstadt, made evident that up to
80 percent of AOX of deinking sludge is caused by (chiorinated) vellow pigments
being a compenent of printng inks. However, these pigments are water-inscluble
and non-biodegradable. Nevertheless, the analyrical procedure for the determination
of AOX of solid waste includes these compounds. which will not be released in
nature {aqueous phase} by microbiological forces. Therefore, no bio accumulation

of this type of AOX generating printing ink pigment must be expscted, not even in
the long-term.

Rejects of waste paper processing mills are composed of various meterials sach a3
plastic bags, plastic bottles, toys, wooden pieces, metals, glass, sand, stickies etc.

Rejects are generated in all waste paper processing mills, meluding deinking plants.
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Sources of rejects are slushing in pulpers and drums, high-density cleaning, pre-
screening, fine screening and light-density reject removal. Due to the heterogeneous

composition of the rejects analytical data shown in Table 1.3.-12 and Tabie 1.3.-13
vary in 2 wide range.

Fig. 1.3.-30 shows the composition and chemical characteristics of screening rejects
of waste paper processing mills manufacturing corrugating medium totally based on
recycled fibers. The rejects contain a high proportion of plastic marerial, This is the
reason for a high chlorine content of this kind of reject. PVC compounds such as
foils, adhesive tapes, camying staps of packaging must be regarded as chiorne
sources. Impregnated wood and PVDC-coated paper are further chiorine sources.
The chiorine comtent of screening rejects can reach six percent (dry matter),

| g Proportion by Weig %) |

Chermizal Compasition Caroan 5tT%
{Praponiions By Yreignt Sasad on Ory Sofids) Hyrirogen £3%
Avarages of v Waso Papar proceasing Chioring 14 %

Papes Wills Suthr na%
Nirogen o.p %

" . Prosphores | 0.1 %

Flg.1.3.90 Compusiion of Sereening Rejetts o Corrogating 15:5
" Madium Production based on Wasta Paper o

Table 1.3.-13 presents the water-soluble proportion of various chemical compounds
of paper mill waste. The analysed figures are compared with the legal standards for
landfilling of municipal waste according 1o the Municipal Waste Management
Provision. The obtained data for paper mill wasie are in many cases below the
anatytical detection limits. The maximum values of paper mill waste do not usually
exceed the set standards. The standards for the parameters extractable lipophilic
matter and TOC will not be enforced till the year 2005. As far as the water-soluble
proportioft of heavy metals is concerned, the levels of paper mill waste are very low,
The apalysed concentrations of water extracts are generally in the lower ppb-range,
far below legal limits (ppb = parts per billion), According to these findings, waste of

wasle paper processing can be disposed of by landfilling on dumps for municipat
waste,

CHAPI_C.DOEN.02.57




107

(Ca6£) 10 135 ‘Sossiaysy Saainoy

(661) nopspay] vy Msep, [edimunpy au) o3 Snytooor sprepinng eda L,

R A A4 ATLRUAETT BUL IO WOIBIMIENAC] e WA PR BE NICT PRI ISR, fHUPUMS wiing wg) o Fupioson pommm)ied Siom sk snoonby

o -5 | 009 -sy oEs'l - 0dl A oSF'F - B 029 0% 0T EL
. . I = 17 = o1 o AT e 1 = |1 IR R L _ R L I
1] e T i tc1] A ool > ool » . [ I RERR SO u.;_
Wo'sF | g @ pic -5z = | ST > gz -5 >.| % vz o> | ew -st x| e, sz |
T ot > oo > g1 > ok > oaL > e > ol > LA
wl.s | = gr -1 = Ty -1 = Fl =1 = r = it -1 = | > [ IO 7L
BTE coe -0l > | 6 ol > | T et = | ool > 0ol > w1 >, vor L oL
g = o1 = Tl om e FEl 0@ = 11 -0l = | m o o1 0> g -5 = 1/
mT ¥ PRI -1 - gr -1 ® 2l I B i = 4 o nsg -8 (F LHTIURINTY
Dy =5 LR L) L o’ - tiogs i T hrne w0 - I0DE Hru= P IRTRR (1Y T rA LI A 1 o BT
.- X0 -nn= 0 -toos . LTI S VT grg s IR 1Y 1 TRy (R [Fgali] DAY
wrg = W . Wn W Wity > Wt Wi 12 ol
Lo 9c -0l > ] 8 -g¥ i -m > | §or -5 = | 8T -IT B8 S | Liy <FS © Y ToE e apniopyD
®H > psz -0z > | wre O0E  -Z8 891 -FiF gz -or = | wl -or > | 1B Lol s emgng
¢ > : ¢ > : g8 ¢ > |5 .= § = N § > A . 3 opaonhy
! e o > | szeivezme T O »o sz ~tvo [ zw:-to > |osee -seox | ozew -0 18w - XOV
g cor > | woe-0d | st -zin ] OI0t -E9 | 6% -5E 819 - -5l 0c6  -E2E |, v 5 Liv' " DOL
: T 10 -6t DIE'L - 0F8 : - _ BRI S B I [T R Vs [+
- ngr  -i% neE - 267 - - - - [Fagld . N e 11|
Rty = 1 - F I -1 = ol -1 > LR KL F e [ Y I e B ' - F TP T HH Y u___ﬂ_._.“x:‘_ T BT
- atg’l -zl 1%L B N Y D 4 . - - - [Pl HIDUODY VY
- £t EAR I B frd ME'T - LLE L9IE - 90y URETL - DR #of ol NIT'T -G w0 uiedon] apgnjos-aapm g,
I ET BIbL - HEE fug't - ozl B Tt LT - URE - On owry -(HE CTD SRR Y B LA Aranonpue)
wer o Fy Wil ¥ wE -0 LAY wi o LY (A N i Tl i =& 13l
- P [raxyIy Srppuiacy L (LA ) [CEIELLIH] B
.7 ' 14 ' . ' . . : [ 1. L
aaBpIEpRYg APEAL o . . ) . PR .. — .,,.,.... .
Cpeder - AN © Epalay LA sadlpngg . e T agpecmedeg

ASITIA A MHLIA L) JO PIBNAY JO SIPUIXT SDOINITY )0 SONFIIRDRARD) [EIUST) ST | AL,




108

In 1994 the German paper industry generated 2.0 million tonnes of waste (in wet
state}. Sludges accounted for 37 percent, rejects for 18 percent, bark for eleven per-
cent, in¢ineration waste for nine percent and others for five percent (Table 1.3.-14).

Paper and board mainly based on recycled fibers amounted to 50 percent of the total
German paper production. The volume of waste generated by this production group,
however, was about 60 percent of the total waste (Fig. 1.3.-31). The types of waste
of waste paper processing paper mills are shown in Fig. 1.3.-32. Slidge accounted
for 66 percent and rejects for 25 percent. About 80 percent of the sludge was
generated by deinking plants and as a mixwre of deinking shidge and shudge of
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biological effluent wreatment plants (bio siudge).

Table 1.3.-34:  Solid Waste from zll German Paper Mills (1994)

{Tonnes refer to wet state)

Waste Tonne/a %
Bark : 231,000 11.4
Rejects | 360,000 17.8
Sludges 1,165,000 37.5
Incineration Waste 179.000 8.8
Others 90,000 4.5
Total : 2025000 | - 1000

Seurce: Chryssos, G. et al/Munich (1995)

Paper Production Wazste
14.5 Million Tonnes 2.0 MBlce Tanoes

q %
T Fapw and Baan) matdy made of Westm Pape B0 Gond Paper
EEEE Swoctaky Paper [T woad-Containing Faper

EET) ‘woodtiten Paper engt Boand TS i ¥ ienart]

Sourta: Chrvseca, G wt al., Wurich [1965]

Fig. 1201 Production of Different Paper Grades and Wista Generation
In the Serman Pape!? Industy (1994)
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Residues: 1.2 Milllan Tannes Sludge: 0.8 Mililcn Tonnes

2 Wi Shaige
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C—— Incirenmita Wie EZEE] Davagicad Swdge
B Bark E==7 Dwirking Slunge

S (A . o R Wlahich TV,

.s| Residues and Sludges generated oniy in Waste Paper Processing 1&
9. 1 : Paper Mills in Germany (1994)

1.3.3.2  Treament, Recovery and Final Disposal

Solid waste of paper mills mainly consists of various sludges, e. g. deinking sludge,
sludge of white water clarification and sludge of effluent treatment plants. Cther
components of solid material such as rejects are generated by slushing in pulpers or
drums and screening or ¢l2aning. The total volume of such sludges occurs in a wet
siate from varigus processes with solid contents of one percent to five percent.
Unless sludge can be used by the production process {only realized in some waste
paper processing mills manufacturing corrugating medium. tesiliner and board) the
sludge must be mechanically dewatered 10 an optimum dry content for adequate

downstream handling. Siudge going to incineration must be as dry as possible for
the benefll of energy recovery,

Most commenly, dewatering is performed by belt and screw presses. Screw presses
can achieve the highest dry solid content (50 percent to 60 percent), depending on
sludge characteristics and sludge mixwres. Generally, in 2 paper will the optimum
overal] dewatering result will be achieved if sludges with sufficient (fiber sludge)
and with poor (biological sludge, deinking sludge) dewatering behaviour are
blended. Simpie gravity thickening of sludge is not widely practised.

Pre-weamment aiming at the improvement of sludge drainage is common practise in

dewatering of biclogical sludge. Organic polymers are applied similar to those used
as retention aids in papermaking.
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Further water removal from dewatered sludge cakes can be accomplished by drying.
Drying is normally carried out in the case of energy recovery in external incineration
plants, In this case, drving is accompanied by pelletizing the dried sludge 1o
facilitate bojler operation and to conurol particulate emissions. Nevertheless, sludge
drying opens up a wider range of waste management oplions prodocing a more
stable tnaterial for emporary storage. However, drying is relatively expensive and
seems 10 make sense only in the case that & high value-added marerial for utilization

can be generated. Drying is performed by steam heated comtact dryers, hot air flash
dryers or superheated steam flash dryers.

As shown in Fig. 1.3,-33 72 percent of the total waste volume of the German paper
mills was utilized including energy recovery. About 28 percent of the waste
incjuding ash of sludge incineration was disposed of by landfilling.

Today, incinerarion 1s increasingly applied for energy recovery of siudge. The
organic proportion of sludge represents in many cases a significant heatng value.
Paper mill sludges have a heating value of & Mi/ke to 20 Mi/ke dry solids. The
options for sludge incineration are as foliows:

¢ [ncineration in combination with bark in bark boilers
¢ Incineration in boilers in combination with coal
¢ Separale sindge incineration.

A%

10 % | Gement Manticuing
5% - Ot Litflictien in
[Feh

13 % | Ot isanon

Soure: Crrrmsod, G o4 £, Munien (1305

Fg. 1233 Utilization and Disposal LE: :;gar Wil Waste in Garmany 1995
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Source: Hamm, U_, Dammouet (1596,

e
Fig. $3.34 Fuel Trangls of Waste of the Papar Industry 1855
1N o

For separate sludge incineration the German paper mills employ various types of
grate. muit-hearth and fluidized bed boilers. For deinking sludge, fluidized bed
boilers seem tw be superior and are at present the predominant type of new
mstallations. Fluidized bed boilers can be fed with 100 percent sludge, although the
use of support fuel (e, g. coal. oil or gas) is common is some cases. The need for
support fuel depends on the dry and ash contents of the sludge. A dry content of at
least 43 percent to 60 percenr is required for self-combustion of sludge. Fig. 1.3.-34
shows the so-called fuel iiangle, which illustrates the comnection between ihe
combustible proportion as organic content, ash content and moisture content of
fuels. The range of self-combusiion is marked. In this range, sludge can be burnt
withour any additional fuel. In the fuel wiangle the position of highly dewarered
deinking sludge {30 percent 1o 63 percent dry solids) and rejects (45 percent to 53

percent dry solids) shows that both materials are combustible without any support
fuel.

Due to rtheir high plastic content. rejects of waste paper processing have high
calorific values (> 20 MJ/kg dry solids) and should be suitable for energy recovery.
But so far only a few paper mills use their rejects as fuel in combustion plans.
Others are afraid that they cannot fulfil the set limits for dioxins and furans (0.1 ng
I-TE/) of the purified flue gas. Therefore, in 1994 about 85 percent of the rejects
of waste paper processing mills were disposed of by landfilling.

Atmospheric emissions of incineration plants are characterized by several potential
poliutants. The most important are sulphur dicxide (SO7), nitrogen oxides (NOy),
hydrogen chioride (HCH) and hvdrogen fluoride (HF), different heavy metals and
trace organic compounds, such as dioxins and furans. The key emission discussed in
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previous yéars refers to dioxins and furans due to their notoriety with respect {o
waste incineration and the high toxicity of some of these compounds. Emissions of
carbon dioxide and Iis effect as a grﬁEfthuse gas are widely discussed but are of
minor importance when burning sludge of waste paper processing mills. Since the
organic proportion of sludge must be regarded as biomass, its combustion does not
coniribute to the greenhouse effect. Released carbon dioxide will be reabsorbed by
trees, which is the original source of the most part of this waste.

Table. 1.3.-13: Emissions of In-Mill Incineration Plants in Germany, burning
Waste of Waste Paper Processing compared with Legal
Standards (17th Regnlation of the Federal Emission Control Act}

Parameter * Unit Plaut A Plant B Plant C: Smlﬁ:ll'ds
Particles mg/m3 8.2 6.0 6.4 10
Carbion monoxide CQ me/m- < 5.0 8.0 8.5 30
Tota] Carban C me/m? <10 0.3 0.9 10
Hydrogen chloride  HCI me/m° 17 0.5 28 10
Hydrogen fluoride  HF mg/m> 0.03 0.1 <0.1 1.0
Sulfas dioxide v gt 80 15 &.1 30
Nitrogen oxides NQ, mgm3 160 185 220" 200
Cadmium + Thallivm Cd + Tl mgm3 1< 00002 0.002 0.0 005
Mercury Hga ' < 0.010 0.02 0.02 005
Other heavy metals  As, Co, Ni, 5b. Pb,|  ma/m? 0.022 0.06 0.01 0.5
Cr, Cu, Mn. V. Sn
Dioxins/Furans PCOD/PCDF ng LTE/m? | 0.002 0.03 0.0 0.1

*al present installation of an equipment to remove NO,

Plant A: Travelling Grate Fumace
Plant B: Stationary Fluidized Bed Fumnace
Plam O Stationary Fluidized Bed Pamace

Source: Insting fir Papierfabrikarion/Darmstad; { 1995}

Table 13.-15 presents ammospheric emissions of three inciveration plants,
established in previous years in the Garman paper industry. In plant A 2 mixmre of
sludge of waste paper processing (without deinking) and bio sludge is burnt. The
fueis of plants B and C are deinking sludge and 2 minor part of bio sludge. Whereas
plant A runs 4 travelling grate furnace, planis B and € are stadonary fluidized bed
boilers. These plants are equipped with different flue gas purification systems. The
flue gas purification system of plant A consists of 2 bag filter for particle removal
and wet scrubbers in two stages. In plant B particle removal is performed with an
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electrostatic precipttator, whilst acid gases are retained by wet scrubbers. Plant C
applies bag filters for particle removal and the injection of a lime mixture into the
gas strearn in order 10 neutralize acid compounds. The flue gas purification
equipments of the three plants include no additional measures such as acivated

carbon injection or filters to control dioxin/furan emissions because further control
of dioxins and furans is irrelevant,

The flue gas emissions of the plants discussed are compared with the standards of
the 17th Regmiation of the Faderal Emission Control Act, valid for plants which
incinerate waste and similar maiter. Concerning sludge incineration in waste paper
processing paper mills, the following conclusions can be drawn:

» Emissions of parteles, sulphur dioxide. hydrogen chioride, hydrogen fluoride,
carbon monoxide are low compared with the standards. Due to the high ash
content of deinking sludge which 1s rich in caleium carbonate, this sludge is not
expected to release all sulphur as sulphur dioxide, Flue gas purification of the
state-of-the-2rt guarantees that no significant environmental impact arise.

» The emission of heavy metals is very low compared with the standards,
particularty the emission of cadmium and mereury,

» The ¢mission standard of nitrogen oxides can generally be met by improved

combuston conirol {temperature, oxvgen level). In some cases the apph-:am:m of
specific measures to remove NQ, could be necessary.

» The stringent emission standard of dioxins and furans (0.1 ng [-TF/m?®) can be
satisfied without any additional measures in flue gas purification,

The latter reference 15 of special interest with respect to plant B. In its fluidized bed
boiler shredded rejects of waste paper processing were used as additional fuel. The

high plastic content of this material appears 1o increase dicxin/furan emdssions but
not above the set limits,

Bottom ash of plant A is used for manufacturing constriction materials, the fly ash
serves as raw material in the cement industry. Although fly ash of fluidized bed
boilers is. in some cases, considered as hazardous waste, the fly ash of plants B and
C does not cause egvironmental concern with respect to reuse, This fly ash is used
by the cement induswy as well as in manefacturing of constmction material.
Considering this, it can be concluded thar burning of shudge of waste paper
processing paper mills does not cause any significant environmental poflution
thanks to modern incineration plants and ash disposal. The application of modem
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combusuon as well as flue gas purification technoiogies makes it possible to bum
sludge without exceeding emission standards and withont any health hazards,

External udlizadon of waste can be performed without any environmental poliution.
In 1994 about 35 percent of the reused paper mill waste was composted, spread on
agricujrural soil or used as top-soil material, e. ¢. for final coveting of closed
landfills. Composting of paper mill shudges, including deinking sludge, for the
production of humus requires blending with other materials. such as bark, municipal
sludge, biowaste of households or of other sources, in order to decrease their high
carbon/nirogen ratic (nitrogen content is too low in this case). Composting requires
companies Which are experienced technically and in marketing. Therefore, paper
mills usually composte their waste in cooperation with such companies, which are
also responsible for the supply of further waste with a high nitrogen content.

There should be 2 potential for an extended application of composting, provided
there is 4 rnarket within reasonable transport distances for the compost produced.
Compastung of sludge and waste papet in combination with hioweste and
agricultural waste is currently a research project at the Department of Paper Science
and Technology (IfP). The findings indicate, that compost made of differsnt
proportions of these materials does not only fulfil stringent requirements, such as
degree of maturity or suitability for plant growth, but it also controls parameters.

such as salt content and the proportion of organic substances or process-related
leachable emissions.

Soil application of mill sludge can tmprove water retention of soil and increase
microbial activiry. Due w the high carbon/nitrogen ratio of most of these sludges the
nirogen of soil can be emporary imumcbilized, In this case additional fertilizer must
be added. The benefite of soil application depend to 2 high extent on the navare of

the soil concerned. Independent of the benefits on crop yield, a lasting advantage is
an improvement of the structure of soil.

In contrast to North America, where soil application seems to be attractive to many
paper mills, in Germany the direct agricultural use of paper mill sludge is
controversially discussed, particularly the use of sludge of waste paper processing
paper milis. Some Federal States of Germany prohibited soil application of deinking
sludge in previous years. Although this siudge fuifils in many cases the standards of
the German Sewage Sludge Regulation (Klirschlammverordnung), the authorities
argue that there is a lack of knowledge about harmful substances caused by
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additives which are used in preceding paper converting and printing and which
might be adsorbed by deinking sludge.

in Germany about 35 percent of the vtilized paper mill waste 1s used in brick works.
By the addition of sludge - mostly deinking sludee - to the raw material of bricks
two benefits are achievable. Firstly, the inorganic components (fillers, pigments) of
the sludge is added to the brick material. Secondly, the organic components (fines,
printing inks), when being bumst, improve the porosity of bricks, which conribuies
to redneed heating transfer of the bricks.

In 1994 only ten perceﬁt of the reused paper mill wasre was couverted by the cement
industry. It is supposed that the cement indusiry is in a position to make use of 2
higher volume of rejects, sludge and ash. In Germany, the annual production of
cement 18 about 33 million tonnes manufacrured in 65 cement works with about 100
rotary kilns, Ash of burnt deinking sludge with its content of CaQ, Al;O4 and SiQ-
can be used as a secondary raw material. An atiractive option is the direct
muoduciion of sludge imto the cement manufacruring process. By introducing
sludge into the cement rotary Kiln, which is generaily oil-fired, the organic fraction
of the sludge is burnt. Simultaneously the heating value serves as a secondary fuel.
The inorganic fraction is incorporated as a part of the cement, Processes of this type
have been putinte operaton within the last five years. The wtilization of rejects as a
secondary fuel has been intensified within the last two years. |

Further methods for the wtilization of ash, deinking sludge and other sludge which

have been used 10 & limited extent, but Which may be applied in special cases are as
follows:

« Production of light weight aggregates (LWA)

LWA refers to a group of materials which is used in various construction
matertals such as concrete blocks and decoratve stone. They contribute to a
reduction of the final density while maintaining acceptable strength properties,
LWA is gaditionally used in applications such as bridge decks, high-rise
building construction. roofing tiles, wail panels and concrete biocks. It is also
finding more application in sea wall and roadway construction.

+ Production of particie board
» Production of car [itrer

+ Mine reclamation,
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1.3.3.3  Summary

Unlike the waste of virgin pulp processing paper mills, the waste of waste paper
processing mills contains substances which result from previous papermaking, from
paper conversion (incl. pnnting), from the use of paper products and from the
collection of waste paper. The removal of these substances (e, g, fillers and
pigiments or printings inks and adhesives) in waste paper processing generates a
higher volume of waste (as percentage related to the stock processed) compared
with paper manufachuring based on virgin pulps, if bark of pulping and spent liquor
of pulp digesting is not taken into account.

The contaminaticn of rejects and deinking sludge from waste paper processing i3 on
a rather low concentraton level, with the exception of the content of chiorine
present In rejects caused by a high plastic proportion. Qver the vears, the conient of
organochicrinated compounds of deinking siudee has decreased significantly, for
example in terms of polychiornated biphenyls (PCB). The reduction of
arganochlotinaiad compounds was partly affected by modifications i pulp
bleaching (either elemental chlorine free (ECF) or totally chlorne free (TCF)

bleaching) and partly by the substitution of organochicrinated substances used as
additives in papermaking and paper conversion.

Contamination of deinking sludge by heavy metals is less than that of sewage sludge
of municipal effluent treatment. Today, printing inks play a minor role as a source
of heavy metals, with the exception of copper which is present in blue pigments. A
major source of heavy metals are fillers and pigmenis which are partly removed by

deinking in waste paper processing followed by intineration or disposal of deinking
sludge.

Waste of waste paper processing can be utilized or disposed of in an
environmentally sound manner. $o far, 80 percent of the waste volume of the total
German paper mills is either used as a2 material for different purposes or as fuel for
energy recovery. Not more than 20 percent of the waste volume is still dumped by
landfilling. Energy recovery by deinking sludge can be performed without any

environmental concern employing combustion plants with flue gas purification
according to the present state-of-the-art,

The paper Industry aims at further external wilization of its waste materials, for
example, in the cement industry with its capacity to make use of rejects, deinking

shudge and ash of incineration plants of the paper industry. On the other hend, it is
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nol supposed that increasing volumes of waste might be used by agriculture or
compost facilities because of a severe competition with other organic material, e. g.
biowaste of households, municipal sewage sludge or waste of agriculture (liquid
MATTE, MATIIE OF Straw), '

1.4 Disposal of Nen-recvcled used Paper Products
1.4.1 Classification and Volume of Waste
According 1o the German Federal Bureauw of Statistics the total volume of wasie

which was disposed of amounted to 292 million tonnes (1983). This total volume of
waste 1s divided into categories such as:

e Municipal wastz

¢ Indusmial waste

* Sewage sludge

» Construction and demolition waste
e Excavation waste.

The volume of recvcled waste 15 not included in this statistic.

The velume of municipal waste from private households totalled 30.5 million tonnes
which corresponds 1o a propertion of approx. ten percent, The volume of industral
waste was meors than 122 million tonnes (42 percemt of the total waste), whereas the

waste mainly associated wiih the consuuction and building indusiries accounted for
120 million tonnes of the total waste.

1980 1582 1884 19a7 1920
Sourca: ErnirmryTatad Dty of Gty 1935, msiSUnchece t, B {1595

*-'uq, 1.4.-1{ Yolume of Household Waste perCapfta in Germmanmy
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In 1990 the per-capita volume of household waste was 333 kg, According to Fig.
1.4.-] this indicates only a slight decrease compared with 1980. Since private
copsurption had significantly imcreased during this period of time, this was

considered as a first success of legal measures giving priority 10 avoidance znd
recycling of waste,

142 Composition of Waste

The last country-wide analysis of the composition of household waste was carried
. outin 1985. The results are shown in Fig. 1.4.-2. The biggest proportion of the total
volumme of household waste was the commpostible organic fraction called biowaste
(e. g. residues of vegetables. garden waste, dorestic garbage). For this fraction the
Municipal Waste Management Provision foresees a reduction of at least one third

realized by separare collecring and biological treatment with anaerobic and aerabie
technologies.

| Bourea: Emvimemanesl Gaca of Gormany 1995, Uiy, Bevdn (1535}

lfl-g. 142 Composition of Housahold Waste in Germany (1985}

The properion of paper, board and composite material was about 18 percent in
1990, The volume of these components has been significantly decreased within the

last three years due to the Packaging Ordinance. Similar effects must be considered
for glass, metals and plastics.

Other fractions of municipal waste are influenced to a smaller extent by avoidance
and recycling strategies, The fine (< 0.8 cm) and medivm (0.8 em - 4 cm) fractions
of household waste accounted about 25 percent, textiles two percent and diapers two
percent. Minerals and hazardous waste are other components of household waste.
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Avoidance and recycling will significantly affect the heating value of the residual
waste. Nowadays, the heating value of municipal waste is 30 percent 1o 40 percent
higher than the heating value reguired for self-combustion in waste incineration
plants {abount 6 MJ/kg to 7 Ml/kg). Fig. 1.4.-3 refers to the influence of different
scparate collection systems and recycling rates on the heating value of residual
household waste. Those figures indicate that in the case of high recycling rates of
biowaste the heating value of residual waste will increase, even if paper and plastics

will be recyeled to a high extent. Therefore, residual waste should remain self-
burning in the furure.

] Crwmt B0 | Ce'wwt Bin | B2 Blie | S flin
Lamtzarmer S HOogm | Contarwr | {een Bn
Ghmi ] ol M e, Glas] 1 SO0
! 1 L
Lot Py oo Py 0% ™ ™Y L1313 THYS
L Fay o .1 o A M L]
P ot bl ey LY e § o=
Ll FUES o % a% FTE] 0% %
Pacm T satina
ket e of L3 % A% % MR
[Fe o)
oo Criiaton Foms "% 0% = W oy
Fwmtargy Wikl . MLy LE BA 5. na [ &3
T@;dﬂﬂq 0% 7% A% | AT | L%
Wraaon Furse timeed ol He Woumy & ni y [0
Soures: Dltiewstd, B3 M | Baecte; 196}
Fra. 1.4.0| Heefing Value of Resisual Housesold Wasts ™
T 4 daanding an Difierart Uization Ratoe 1998

143 Alternatives of Waste Treatinent

Fig. 1.4.-4 shows data of the waste trearment strategies in Germany from 1977 to
1990. The proportion of waste going to landfilling slightly decreased from 75
percent in 1977 to 64 percent in 1990, In 1990 incineration accounted for 29
percent, which is only seven percent higher than in 1977. The proporton for
composting remained constant during this period of time - on 2 level of two percent.
Scrting prior 10 recycling of waste {e. g. glass bonles, alumimun and sies) cams,
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waste paper, textiles) amounted to four percent. A breakdown in respect to the rypes
of waste gomng to recycling is not achievabie.

In Fg. 1.4.-4 a forecast of waste experts is presented. This indicates a further

decline of the waste proportion for landfilling and an increase of treatment such as
inctneration and composting,

1984
Sourea; Etnirnsupmad Ches of GaTToy 1995, Uresituanetckint, Barin (1955
i
Fig. 1.4.4 Munlcipal Waste Tteatment in Bermany 1995
| — e

With regard to the Municipal Waste Management Provision and its main target that
at latest by the year 2005 no solid material that contains more than five percent
organic matter can be landfilled. the situation will be changed more significantly.
There should be an increased demand for incineration facilities. The necessary
number of additional incineration plants, however, depends on varicus conditions
concerning the future waste volume and the further development of biclogical
treaument facilites and their capacites. The suppiiers of incineration piants forgsee
an addirional demand for 25 1o 30 plants within the following ten years, each with
art annual capacity of about 100.000 tonnes,

Table 1.4.~1 presents the number of waste treatment plants in former West Germany
in 1990 and 1995 compared with 1984. In this period of time the number of
incineratton plants did not increase significantly. Berween 1990 and 1995 not more
than four additional incineration plants have been established. Dumps for landfilling
decreased from 372 to 295, while sorting plams for recycling increased
tremendously. Only 18 composting plants were in operation in 1990. This situation
has changed significantly within the last five years. At the end of 19935 about 170
composting planis came on stream (see chapier 1.4.6).
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Tab. 1.4.-1: Number of Treatment Plants for Municipal Waste in Germany

Waste Treatment - Number of Plaats
Technology 1984 1990 1995
Incineraton 46 43 32
Composting 27 18 =170
Pyrolysis 1 i S;::i}’
Sorting prior to Recycling 3 43 increasing
Eandfiiling 372 295 dectining

Source; Environmemal Data }992/93
Umwelibundesamy, Berlin, 1904

T4.4 Incineration
I.4.4.1 Current Situation

As already presented in Fig. 1.4.-4 about 29 percent of municipal waste was burnt in
48 inciperation plants by the end of 1990, The capacity of these plants varies
between 30.000 tonnes to 500,000 tonnes per vear. Almost all plants generate
electrical power, Waste heanng of these planis 1s also used as a heating source for
local heating systems. Nevertheless, the contribution of waste incineration plants 1o
the total energy generation in Germany is insignificant Related 1o 2 total energy
generatjion of 14,140 Petajoule (as primary energy) in 1993 the ceniribution of

municipal waste incineration plants for electrical power generation was only about
70 Petajoule (0.5 percent;.

Most of the incineration plants are equipped with grate-firing using roller grates,
reciprocaung grates (reverse and forward action), rocking grates and travelling
grates. In contrast to Japan. where already 40 fluidized bed combustion plants have
been established in 1987, the first fluidized bed plant in Germany staried only in
1993 with a capacity of 63,000 tonnes per vear.
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1.44.2  Future Trends

Today other thermal technologies are discussed such as:

+ Thermoselect Technology

+ SIEMENS Thermal Waste Recycling Technology
{Schwel-Brenn-Technology) _

» NOCELL Conversion Technology {Flugstrom-Vergasung)

These processes combine fundamental technologies of thermal waste treatment:

» Incineration

+ Pyrolysis

o  Gasification

In Table 1.4.-2 the above mentioned technologies for waste treatrnent are compared
with traditional waste incineration based on grate-firing.

Thermeselect Technology

 The Thermoselect process is based on a combination of pyrolysis and high
temperature gasification. First the volume of waste is reduced by a scrap press to
about tent percent of its original level. The highly compacted waste packages are
ransferred to a pressure resistant pyrolysis chamber, where they form a gas tight
plug. The chamber is heated externally so that the waste is roasted at a temperature
of up 10 600 °C. Organic waste is thereby pyrolysed and converted to carbon which
forms briquets with inorganic mineral and metallic residues. After two hours new
compressed material is fed into the pyrolysis chamber thus pushing the briquets into
a mgh emperamire gasification chamber, where they burst due to the residual
internal pressure from pyrolvsis. With the contolled addition of pure oxygen all
solid materials, such as metals. minerals and glass, melt completely at a temperature
of 2000 °C. Some of the heavy metals and other pollutants are wapped at this stage
and carbon containing materials are pyrolysed, In a second reactor the carbon

residues are burnt and, &t 2 wmperature of 1600 °C, the metallic and mineral melis
are separated.
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"The gas which is produced in the pyrolysis chamber - mainly steam (H»O), carbon
monoxide {CO), carbon dioxide {COy), hydrogen (H2) and methane (CH) - also
flows into the high temperature reactor where it reaches a temperature of more than
1200 °C after four seconds. Al the hizh temperature the entire organic compounds
are decomposed and converted 10 low molecular species. In order to prevent the
formation of dioxing and furans ar a later gtage, the svnthesis gas is shock cooled
with injected water to about 90 *C. Traces of heavy metals which have been carried
aver, hydrogen chloride and hydrogen fluoride are separared and condensed in
further stages. After these first purification stages the remaining synthesis gas passes
am acid and then a basic scrubber to remove pollutants as hydrochloric acid.
‘bydrofluoric acid and sulfur compounds. After further cooling to 5 °C in order to
reduce the water content the gas is finally led through two activated charcoal filters,
At the end of the process 600 kg of svnthesis gas per tonne of waste are recovered

with a composition of 35 percent Ha, 40 percent CO, 20 percent COs, traces of CH,
and mtrogen (Na).

About 263 kg residual materials per tonne of waste must be disposed of, namely 2.7
kg dust. 12.3 kg sodium salts from the purification of waste water of flue gas
treamment, 23 kg metals, 4.8 kg calcium sulfate and 222 kg of glassy material from

the melts which must go 1nto landfilling or could be used for other purposes (e. g.
road consruction. bullding maeriat indusiry),

The Thermaselect wchnology was developad in a pilot plant (4.2 tonnes/hour) in
Fondotoce. ltaly. Se far, no commercial plant is installed in Germany. In 1997 the

first plant will start in Karlsruhe, Germany, with an annnal waste capacity of about
100.000 tonnes.

Thermal Waste Recycling Technology (Schwel-Brenn-Technology)

The STEMENS Thermal Waste Recycling Technology combines pyrolysis and high
temmperature incineration. The crushed househoid waste is transferred 10 a
conversion drum, where it is heated in the ahsence of oXygen at a tsmperature of
about 450 °C within & period of one hour. The pyrolysis gas is fed directly into a
high temperatre boiler. The remaining solids are going to a screening stage, where
they are separated into 2 fraction > 5 mm (mainly consisting of glass, ceramics,
minerals, metals) and a fraction < 5 mm. More than 99 percent of the residnal
carbon is in the latter fraction. This material is crushed and fed to the high
temperature boiler for incineration together with the pyrolysis gas at a temnperature
of about 1300 °C. This temperarure is approx. 150 °C higher than the ash meliing
point of the fine fraction. Fly ash of the electrostatic filter is fed back to the high
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temperature beiler and incorperated into the ash melt, which is quenched in a water
bath. The resulung cinder being 2 slassy mnateriat can be vsed in 1oad constructon
or for manufacrring building material. Flue gas emissions are controlled by

electrostatic filter, spray drver, fiter bag, scrubbers and additonal equipment in
prder to remove NOx. '

The SIEMENS technology has attracied atiention also in Japan, In 1991 Mitsut
Engineering and Shipbuilding Co. Lid, acquired the licence for the installation of
such plants in the Far East. In 1994 a demonsmration plant was set in operation in
Japan. In Germany the first plant will start at the end of 1996 in Firth/Niirnberg. At

present thees further installations starting during the following wwo years have been
ordered.

Conversion Technology

Another new technology for thermal waste treatment is the conversion process. This
min-stage technology combines well-known sweps of pyrolysis and fiy stream
gasification (Flugstromvergasung). The objective of pyrolysis is to dry and to
embrirtle the wasts 10 be treated. Ata temperature of ahout 300 °C pyrolysis gas and
carbon residues are generated. The carbon residues (pyrolysis coke) are discharged
and granulated below a particle size of five millimeter,

The granulated pyrolysis coke is fed to the gasifier together with the pyrolysis gas
and a slurty of oil, water and dust. The gasifier works at pressures of 20 bar to 30
bar and at temperatures berween 1300 °C and 2000 °C. Industial oxygen is used for
gasification. The yielded symthesis gas is rich in carbon monoxide and hydrogen.
The mineral compounds of the waste melts completely. The molien siag runs down
on the cooled walls of the gasifier and is quenched with water 1o 2 temperature of
about 200 °C. The slag solidifies to a glassy material which can be used in
manufacruring construction material. The synthesis gas is also quenched fo a
temperature of about 200 °C avoiding the De-Novo synthesis of digxins and furans.
After additonal purification the synthesis gas is used for electric power generation,

Abour 20 percent 1o 25 percent of the purified synthesis gas s used for heating the
pyrolysis drum.

Desprte the fact that there does not exist any pilot plant, the company NOELL
received an order for the installation of the first commercial plant with an annual
waste capacity of 100,000 ronnes for the end of 1996,
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143 Biological Treatment
1.4.5.1  Current Situation

Separate collection of solid organic residues from households, garden and park areas
is today the common procedure in Gerfnany, The former technology of composting
of unseparated household waste has not been proved to be successful with respect to

the quality of the final compost. Today, this tradidonal municipal waste composting
is no longer permitted.

Biclogical treatiment of biowaste has become significantly imporant, mainly within
the last four years. Fig. 1.4.-5 presents the capacities of biological treatment plants
established in Germany since 1985, In 1995 about 1.4 million tonnes of organic
wasie from private houscholds were collected separately and composted under
aerobic or digested under anaerobic conditions. In spite of the current predominance
of aerobic wearmment sysiems. increasing capacitty of amaercbic ecthnologies
(fermentation) is expected, Nowadays, only 120,000 tonnes of biowaste (about ten
percent} is treated by anasrobic r2chnologies.

i

Capacity (Milfon Tonnest

...............................

14
12

1.4

1985 1988 tDEY 1988 15ES 1850 1891 1852 1933 1594 1555
M:MM¢W1M_UMMHM

Fig. 1.44,! Gapachy of Biolagical Treament Plarts for Blowaste e
In Germary g

Compastng is an aerobic process charactatized by a microbial oxidation of different
kinds of organic molecules wansformed into carbon dioxide, water and partally
humified organic mattzr (compost). Oxygen is the most important factor which
controls the process. Oxvgen. consumption by microbial acrobic respiration
generates heat, As a consaquencs. the ternperature of the substrate increases because
heat is generated at a rate exceeding its loss to the surroundings. Oxygen also
conuibutes to preventing odour formation during the process. Most of the odour 18 -
based on reduced molecules containing nitrogen, sulfur and phosphorus. By thelr
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oxidation, bad smelling gases are wansformed inwo odourless liquids. The
availability of sufficient volume of oXyeen in composting is the main factor that can
be influenced by technology. Even the feed-back control of the process is based on
DXYEen of wmperature roonitoring of the subsirate. Finzily, only an oxidized and
aerobically stabilized compost without any residual phytotoxic effect will be
compatible with agriculreral demands.

In Germany. there are about 30 suppliers of biowaste composung svstems on the
market place. The processes may be classified in one of the six following categories:

*  Drum composting

+ Box or conainer composting
+ Heap or windrow composting
+ Channel or tunnel composting
+ Stacked bricks composting

« Silo composting.

These composting rechnologies vary with regard to time of intensive decomposition,
level of decomposition apd applied process control mechagisms (aeration, mming,
watering}. Cwrently, there is a trend towards bigger production capacities and
improved quality standards.

In 1994 box or container composting had a proportion of about 45 percent of the
composting facilities established. The proportion of drum composting plants was

about 15 percent. Heap or windrow composting totalled 235 percent. Other systems
arounied 1 15 percent.

In 1994 the average capacity of the composting plants was abour 13.000 wonnes of
biowaste per vear. [n 1995 this capacity increased to about 20,000 tonnes per year.
Capacity ranges of the different composting systems are presented in Fig. 1.4.-6.

At the same lme as composting activities increased significantly the German
Federal Compost Quality Assurance Qrganization (FCQADQ) defined & general
quality standard (RAL compost quality label GZ 251) and established a country-
wide system for external monitoring of composting plagts and composted material,
In 1995 approx. 150 compost plants participate in the quality assurance of FCQAO.
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The quality assurance programn refers to definitior and continuation of guality

requirements. organizarion and enforcement of quality monitoring and labelling of
the quality standard. Type, extent and frequency of these evaluations depand on the
capacity of the composting plants. In order to guarantee an identcal standard,

FCQAQ estabiished a cenwal office where all results are evaluated originating from
extermal monitoring, -

Table 1.4.-3: Approximate Values of RAL Compost Quality Label GZ 231
for Heavy Metal Contents of Composts

Heavy Meial Approx. Yalue
' {mefke ds)*

Cadmium Cd L5
Chromium Cr 100
Copper _Cu o
Lead . L1500
Mercury Hep oo

Nickel . Ni 80, 5
Zinc Zn 400

* ds = dry substance
Figures refer ro 30 percent organic substance

Saurce: Giiiegemeinschaft Kompost e. V./Bonn (1993)

Besides hygienic requiremenis, the content of undesirable matenials and
comamninants as well a5 approximate values for heavy metal concentraton of
compost are defined by the quality standard. Table 1.4.-3 presents the limits of
heavy metals. The heavy meal content of composis produced must be convented to
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a standardized compost based on 30 percent grganic substance. This means that a
compost having, for example, a measured concentration of 250 mg Zn/kg diy
substance and a content of organic substance of 65 percent is rated in such a way
that it contains 500 mg Zn/kg dry substance. This compost would not meet the
requirernent of the RAL guality with a set limit of 400 mg/ke dry substance.

The capital irrvesunent costs for composting plants in 1994 ranged berween 3350
DEM/tonne and 1,400 DEM/tonne raw material at an annual capacity between
15.000 tonnes and 20,000 tonnesin terms on raw material input, In the case of an
annual raw material input of 30.000 tonnes to 40,000 tonnes the investment costs
decreased 1o a level berween 700 DEMAwnne and 1.250 DEM/tonne.

Operation costs, including salaries. maintenance, insurance premiums, costs for
energy and disposal of waste water and waste. as well as depreciations on piant
equipment. depend on capacity, Fig. 1.4.-7 shows the development of operation
costs for two different capacities. Nowadays, operation costs of approx. 200
DEM/tonne o 240 DEM/tonne are regarded as realistic. The operation costs for

anaerobic wearment of biowaste are estimated to be about 150 DEM/tonne o 180
DEM/tonne for capacities of 10,000 tonnes per vear.

225
200
s
150
125
ko)
1951 1882 1853 1854
Soarve: Ham, WLz Wismar, K. Kayeal [1E85)
Fig, 1.4.- Specific Operation Costs of Composting Piants with e
Difterent Capatiies gy

In Germany, waste paper is not regarded as an important composting material. Only
a few composting plants use wasle paper as 2 co-substrate in order to control
moisture content and the carbon/nitrogen ratio of the inifial biowaste feedstock or as
pulking material. The volume of separately collected waste paper which is used in
composting plants is estimared at about 30,000 ronnes per year. The propertion of
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waste paper which is going to biological treatrnent plants via biowaste is unknown.
In summer time this proportion is supposed to be higher, because waste paper is
often used as packaging material for kitchen waste to prevent the generation of
odour in biowaste bins. Taking info account a waste paper proportion of collected
biowaste of about five percent, the composted waste paper volume is apprax. 70,000
tonnes per vear. In stmmary a toial volume of about 100,000 tonnes waste paper per
vear is biclogically treated either in composting plants or by fermentation. This

means 2 marginal proportion of two percent of non-recovered waste paper which is
convered (o compost.

1.4.5.2  Future Trends

With separate collection of biowaste from private households a per~capita volume
between 30 kg and 170 kg of biowaste is expected. depending on the social structure
of the collection areas. Whilst the volume of organic kitchen waste remains almost
constant. the volume of garden waste changes seasonally. On average, the per-capita
volume of biowaste is estimated at 110 kg to 130 ke. |

Taking into account the popniation of Germany (80 million) this would result in a
total potential of biowaste of about 8.8 millien tonnes to 10.4 million tonnes per
year. Due 10 microbial oxidation about 50 percent of the biowaste is degraded. The
volume of final compost would be therefore 4.4. million tonnes to 5.2 million
tonnes. Taking a specific weight of about 650 kg/m® of the compost produced this
results in 6.8 million m® to 8.0 million m’ compost per vear. This volume would

sigaficantly increase, if other composting materials such as agricultural waste or -

organic waste from industrial processes including bark are utilized to a larger extent.

The future compost potential could be more than 10 million cubic meter per year.
This yolume is about the same as the present peat demand in Germany.

By 2000. about 300 biological treaunent plants with a total capacity of five million
tonnes biowaste input are forecast. Assuming investment costs of one million DEM

per 1,000 tonnes capacity this corregponds o total investment costs of about 5,000
million DEM.

It is doubtful whether this forecast is realistic. One must bear in mind, that already
at present. the volume of produced compost seemns to have Teached a saturation level
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on the market place, A further increase of biowaste composting will significantly
depend on new applications of biocomposts, e. g. in agricuiture or forestry.

As far as the forecast for the vear 2000 is concemed, the estimated volume of
collected biowaste of about five million tonnes could be composted with a
maximum volume of wast¢ paper of about 0.8 to 1.0 miilion tonnes. A higher

proportion of waste paper would shift the carbon/nitrogen ratio of biowaste to an
unacceptable level,

146 Landfilling
1.4.6.]  Current Situation

For many centuries landfilling was the only waste management strategy. Only in the
previgus few decades landfilling -has advanced from uncontrolled dumping to 2n
engineered wasle disposal technology, which is increasingly equipped with
environtental proteciion measures. Landfill gas and leachare emissions represent
the kev environmental concerns associated with landfilling options.

Landfill gas {2 mixture of carbon dioxide and methane) can cause damage to
vegetation in the landfilling swrounding. It also conuibutes 1o the graenhouse
effect. Since methane has 2 more significant impact on greenhonse effect than
caroon dioxide (at the same unic of weight), landfilling of waste is assumed to have
a much higher impact than waste incineration. Leachate arises from water present in
the dumped waste and from rain water infiltration of landfill sites. The emission of

leachate can generare serious implications on ground water, particularly when this
water 15 used as drinking water.

In Germany, the number of landfill facilities for municipal waste has decreased
significantly within the last two decades. While in Western Germany about 4,400
landfill sites were in use in 1975, the number was only 263 in 1993,

Fig_ 1.4-8 shows the proportion of landfills, which are eguipped with ap
impermeable sealing layer to prevent leaching. In West Germany about 90 percent
of landfills are lined with such an impermesble layer. So far, this layer mostly
consists of minerals. Modern landfills and pew scctions of exising landfills
respectively are sealed with a combination of minerals and plastics. The mineral
sealing 15 installed and compacted in several lavers on the levelled subseil. The
layers have uspally a thickness of 20 cm to 25 cm. The number of layers depends on
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(ki Foderal Statat
Soursa: Ernirpiumeeal Durs of Garmnary 1935, Uteibondeass, Saln (1585
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Sealing of Landfill Fagilittes in Garnarmy {1953)

the overall thickness of the mineral sealing. It is important that the layers are closely

mterlinked. This can be achieved by using compacting equipment. Clav and clay
so1ls are the preferred sealing materials. The sealing property of such soils can often -

be improved by addition of small portions of bentonites with fhelr high sweliing
capacity. In a further step, a proteciive laver is applied onto the plastic sealing to
protect this Jayer against damage. For this purpose linings or fine sand are applied.

The simuation in the New Federal States is quite different. About S0 percent of
landfills are not equipped with any sealing.

1y -

Propartion by Nuerbar [%]

Sourta: Emvinornemsl Dota of ety 1995, Lmvettuncess, Berdh (1858

’an. 145

Calietion ant! Treamnent of Landfill Lsathats in Germmany e
ﬁ 993} 1863

Due 10 the pollanon of landfill leachates, they bave 1o be reated in such a manner
that no significant environmental impacts arise. In 1993 the leachates of mostly all

landfill facilities of

the Old Federal States were collected and treated. The
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proportions of different technologies on the wreatment are shown in Fig, 1.4.-9. A
proportion of 63 percent was treated in municipal biological waste water treatment
plants, 25 percent of the leachates were treated internally, preferendally with reverse
osmosts technology and/or biological treatment systems. Feeding of leachates into
recelving walers without any treamment or ciosed loop operanon, which means that
the leachares are going back 1o landfill, were emploved only in particular cases. Due

to deficient sealings, the leachates of landfills in the New Federal States are
collected and treated only to a smmall extent. |

In order to control emissions of landfill gas into the armosphere, it can be collected
from the disposed waste by drainage systems. The collection rate of gas of weil-
controlled systems s between 5O percemt and €0 percent of the generated lapdfilt
gas. This collected gas can either be used for emergy recovery or is flared off by
using torches. Both energy recovery and flaring convert the methane component of
landfill gas into carbon dioxide and water vapour. This converting results in a
reduction of the contribution of landfill gases to the greenhouse effect.

Froparticn by Mumaar %]
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Soure: Erdronmascsd D of Garray 1995, Limnsimundect, Swin (s
E 14100 Caltection &nd Treatment of Landfl Gas in Garmany (1533) ,L’;
- P g

According 1o Fig. 1.4.-10 about 70 percent of landfil] gas was collected in the Old
Federal States in 1993, The proportion of gas utilization for energy recovery was
about 40 parcent. About 35 percent was flared off using torches. This proportion
will significantly increase in the future, because many landfill faciiities already
realize energy recovery, The simation in the New Federal States was quite different,
Only three percent of landfill gas produced was collected.
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1.4.6.2  Future Trends

The future trend of landfilling in Germany is characterized by Fig. 1.4.-11. In West
(ermany about 30 percent of the present landfill capacity will be exhausted by
2000. The situation is much more challenging in the New Federal States, where
about R0 percent of the present capacity will close, This means that in the New
Federal Siates thers is a tremendous need for new landfilling facilities. One must
bear in mind that landfill provides the only final disposal path for waste materials
including solid residues from waste treatment. Therefore, according to Fig. 1.4.-11,
the need for new landfill faciliies which fulfil environmentally compatible
requirements is evident, In contrast to waditional landfills modern dumps are hishly
sophisticated engineering works, which require a lot of expertise in terms of
planning. execusion and operation, '

1093 2000 2019 2020 200

Stnrry; Ervireetnenta Came of Garmany 1585, Urmesiourscearms, Byadin (1935

%?_ru- 1438 Futuea of Landfil Faciiities in Garmany
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1.4.7 Summary

Considering the increasingly reduced landfill capacities and the Municipal Waste .

Management Provision, with its target that no ofganic matter is permitted to be
durmped at the latest by 2003, waste management will undergo significant changes
in the next few years. Waste incineration, which cavers today sbout a third of the
volume of waste for disposal. wiil become even more important. In addition to the
52 existing incineration facilities, a further 25 to 50 plants of a capacity of 100,000
tonnes each will be required. The suppliers of incineration plants have developed
tectnologies which can compete successfully with the traditional grate furnaces.
The first plants of the new types (fluidized bed boeilers, Thermoselect Technology,
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SIEMENS Thermal Waste Recycling Technelogy, NOELL Conversion
Technology) are currently installed.

Separate collection of household blowaste and 1ts conversion by fermentation and
composting became fmore important in the last five years, Today, about 1.4 million
tonnes biowaste are separately collecied and teated in composing plams of
capacities of 10,000 to 20,000 tonnes per year, The volume of separately collected
biowaste will be increased 1o five million onnes by the vear 2000. The realization
of this target figure depends on marketing and application options of this kind of
compaost. In the context of biowaste, it is supposed that 2 maximum volume of aboat
0.8 1o 1.0 million ronnes of waste paper present in biowaste will serve as a

beneficial co-substrare. A higher proporton of waste paper would be inacceptable
because of the limiting factor in terms of carbon/nitrogen ratio.
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2 Requirements of Environmentalists with Respect to
Recycling and Waste Management

In previous years, the activiies of different NGOs (Non-governmental
organizations) in Germany were directed towards almost every area of the paper
chain. This involvement in forestry, pulping, papermaking, waste paper recovery
and recycling, waste management and further issues refers particularly to
Greenpeace Germany which was continuously addressing industial decision
makers, federations and companies of the paper chain. Other NGOs such as Bund
fér Natorschutz Deutschiand (BUND) and Oko-Institut Freiburg are generally
in agreement with the concerns of Greempeace, The areas of the concemns of
environmentalists aré docurnented in Fig. 2.1.-1 in terms of kevwords which cover
the total paper chain from cradle to grave which means from forestry to waste

disposal. Furthermore, this figure indicates the response of the industry to these
keyvwords.
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2.1 Greenpeace Germany

In 1990, Greenpeace Germany published guidelines with respect to envirorunentally
sound paper manufacturing. In that year, bigaching of chemical pulp with chierine
and chlorine compounds was the main subject of actvities and campaigns.
Greenpeace demanded a rapid giobal abandonment of these bleaching chemicals,
This organization demanded the use of altermative, environmentally compatible
bleaching chemicals such as oxygen, peroxide and ozonme. One year later,
Greenpeace published a study entitled "Less Waste, more Forest - Concepts for
Saving and Recycling of Paper”. On behalf of Greenpeace, this smdy was performed
by the IFEU-Institat in Heidelberg (IFEU = [nstitute for Energy and Environment).
According t¢ this study, the German waste paper utilization rate of then 49 percent

(1991} should be increased to 75 percent in less than five vears. This target figure
would be realized by the following measures:

+ Expansion of deinking capacities of the German paper industry by abour one
million tonnes. (Note: This expansion took place in less than five vears due to

the establishment of three newsprint mills, which came on stream in 1993 and
1994, and of further deinking planzs. }

» Imensified and optimized collection activities with reference 1o waste paper,

Agreements on compulsory recovery of waste paper between countries exporing
peper and those importing peper.

» Reduction of guality requiremnents for individual paper grades. particularty of

commodities (this means paper with a short life dme such 2s newspont ot
magazine paper).

¢ Education of the public with reference to waste paper and its ecological
significance,

In order to reduce the generation of waste paper in households and offices, the
requiremenis should aim not only at intensified waste paper recycling, but at the
same Ume at 2 reduction of paper consumption. The potenual raduction of paper
consumption refers w office paper, magazine paper and pewsprint, direct mail,
telephone directones (expansion of the time directories are used from one to two
years), packaging paper including liquid board. The volume of these paper and
board grades which should be reduced in consumption totalled 1.9 million tonnes in

1991, This corresponds 1o abowt 15 percent of the total paper consumpuion in
Germany in the same vear.
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Further requirements demanded the publishing of data with respect to all emissions
into the air, water and soil by the paper industry, Additionally, it was proposed that
the paper industry makes public the names of chemicals used in production,
incheding their source chernicals. All paper products should be 1abelled with respect
to the fiber materials used, their origin and their treatment (e. g. bleaching).

As indispensable supporting political measures for the benefit of intensified waste

paper urlization in different paper grades and for a siguficant reduction of paper
consumption, the study made the following demands:

» Ban of chloﬁne-énntainjng and recycling-unfriendly chemicals in puiping,
papermaking as well as paper converting, printing and recycling of paper either
produced at home or abroad.

Introduction of legal standards for waste paper utilization rates of important
paper grades according to the most advanced state-of-the-art {with reference o
imported and domesticly produced paper).

+ Levy of duties on primary raw materials {which means a chemical puip tax) to be
used for the financing of more efficient wasie paper collection and recovery
systems.

» Recovery cbligation of the wade (retailers) for packaging.

» Establishment of increasing areas of conserved forest land
{unmanaged reference forest land).

» Conwrol of managed nawnral forests for sdving biodiversity.

Because Germany is one of the largest net importer of paper in the world, the

Federal Government is urged to press for increased waste paper uuhzau-:m on the
international and. at least, on the European scene.

The demands mentioned above had been extended by Greenpeace in 2 stady entitled
"Paper - a Natural Product or a Chemical Cocktail?”, published in 1993. The criteria

for an environmentally compatible, sustainable paper economy were specified as
follows:

o Protection of water, air and soil

In the manufacturing, use and recycling of paper, no human- and eco-toxic
substances are permitted to be emitted,
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Protection of waier cyeles

Reduction of water consumption in pulping and papertnaking realized by closing
white water loops. if possible even torally.

Protection of forests

Existing original forests are not permined to be used for industrial or commercial
purposes. Economically used forests (naural forests) must be modified in order
to re-establish natural habitats. Timber and pulpwood must be harvested in an

ecologically sound manner.

Protecrion of the climate

Drastic reduction of CO, emissions by the German pulp and paper industry by
saving of fossil fuels.

Closed foops _

Closad looping in waste paper recyeling as far as possible in order o minimize
the consumption of energy. chemicals and the production of waste. Substances
which are released from the sysiem., must be biodegradable or recyclable.
Minimizging of toxicity

Toxic or allergy generating: substances such as phenols- and formaldehyde-

containing resins or chiorine-containing compounds must be nat applied as
additives in papermaking or paper converting,

To approach the above memtioned targets, Greenpeace proposed the following
measures:

» Labelling of paper grades and chemicals which affect waste paper
processing. '

« Elimination of disturbing paper grades (e.g, carbonless paper,
thermosensilive paper) from wasle paper processing.

+ Separate collection of various paper grades.
« Ban of the appiicarion of products containing chlorine.
« Ban of the application of chemicals which hinder recycling.

* Reduction of the number of different chemicals used for the same purpose
(¢. g addinves for papermaking, printing inks).

* Regniation of waste paper utilization rates for different paper grades.
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2.2 Oko-Institut Freiburg

The Oko-Institut Freiburg calls for conservation of still existing original forests
{primeval forests) to aveid the establishment of man-made forests (plantations).
This stdy. issued in 1992, was deait with as a case study on strategies for saving

raw materials and recvcling. Furthermore, existing man-made forests should be
rransformed into nature-oriented forests.

The Okc-Institut Freiburg promotes an intensified waste paper recovery as well as a
reduction of paper consumption. Non-recyclable paper as well as waste of waste

paper processing should be primarily teated by biological technologies

(composting, fermentarion}, whereas landfiiling and incineration should be pur into
the second place.

However, in the most recent }fears the priorities with respect to waste paper and
waste disposal chansed. According 1o a smdy, issued in 1993, the Oko-Inston
Freiburg promotes energy recovery based on non-recyclable waste paper and waste
material of waste paper processing in order to save fossil energy. Energy recovery
should be realized in industrial combustion plants making use of co-generation. It is
emphasized that both marterials are characterized by a significandy lower
contamipation compared with household waste and, in many cases, with brown coal
and hard coal. This fact is an advantage as far as legally set standards are kept,
taking the lower requirernent of flue gas purification into account,

23 Bund fiir Naturschutz Dewtschland (RUND)

This organization 1§ an another partaker in the debates on environmental issues with
reference 1o the paper chain, Information sheets and information campaigns
emphasize the needs for a reduction of the consumption of packaging materiai -
including paper and board based material - and advertising.

in the first place the BUND criticises the incineration of household wasts.
According to the BUND, the choice to incinerate household waste represents a long
term commliment to expioit resources and to pollute the environment because of the
following reason: A waste incineration plant, once in operation, must be operated
continnously at a certain operation lemperatmre which requires a perimanent steady
input of waste. Therefore, it is not economically or iechnically feasable to reduce the
volume of waste 1 be processed. The operation of an intinerarion: plant resulis in an
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exploitation of resources (including energy) which means a significant retrograde
step in the context of the discussion oo enviromenial protection.

Despite the fact that modem incineration plants emit only small amounts of
pollutants the BUND underlines, that the emissions of such plants are 2 risk with
respect to the heaith of the population. The BUND is aware that waste incineration
contributes 1 the overall toxic pollution only t© a minor exient. Tt is smphasized,
however. that these residual emissions must not be underéstimated.

The BUND vehemently criticises the Municipal Waste Management Provision with
respect to its most Important parameter which requires that no waste should be
disposed of by landiliing that contains more than five percemt orgagic mattet.
According to the BUND this requirement cannot be substantiated technicallv and
scientifically. The biclogical-mechanical technologies for (residual) waste treatrnent
such as fermentation and composting accepted by the BUND do not fulfil the
reguirement for waste rendered inert and suitable for landfilling. Therefore, the
BUNI calls for a revision of the Municipal Waste Management Provision.

The BUND urges the public and local authorites to intervene in good time against
projected waste incineration plants. In the case that the establishrment of an

incineration plant cannot be prevented, the size of such a plant should be kept as
small as possible.

Unlike the continuing opposition of the BUND, public opinion has changed in the
meantime a3 far as the establishment of additional waste incineration planis are
concerned. According 1o the results of an inquiry on behalf of the Federal Ministry
of Environment on the topic of environmental protection, 43 percent of the West
Germans and 53 percent of the East Germans agree to the establishment of
additional waste incineration plants. n conwast, the proportion of supparters of

landfills is further decraasing: only 22 percent of the Germans support the
establishment of additional landfills.

According to that inquiry, more than 80 percent of the German population is
prapared to collect wasts separated into even more wasgle components than wday.
This response makes evident that the German society gives priorify to recycling and
uthization of waste and its diffarent components as secondary materials.
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2.4 General Issues

Greenpeace as well as BUND and Oko-Institut are intensively and permanently
communicating with instittional paper consumers such as publishers, mail order
houses, supermarket and department store chains, Greenpeace rainly communicates
with leading publishing houses such as Gruner + Jahr and Axel Springer in
Hamburg and BURDA in Offenburg, requesting the use of ‘clear-cut free’ paper and
support for intensified waswe peper recycling. On the other hand the activites of
BUND and Oko-Institut are focusing on consulting. Both are involved, amongst
others. in life cycle assgssments of packaging made of different materials. Their
chents are, for example, instimtional paper consumers, consumer organisations,

local and state authorities, national and international organizations but also paper
manufactugers. |

2.5 Federal Environment Protection Agency (UBA)

On commussion of the Federal Environment Protection Agancy (Umweltbundes-
amt) In Beriin, a lifé cycle analysis is currently performed by IFEU-Instimut,
Heidelberg, in co-operation with experts of chemicals and additves for pulping,

papermaking and paper converting as wel] as of forestry (in terms of nature-oriented
forestry).

The cradle to grave life cvcle assessment refers to graphic products such as news,
magazines and office paper in terms of copy paper made of virgin pulps as well as
recycled fibers. Data for the establishment of inventories are collected not only in
the German speaking paper industries, but also in the Nordic countres. The [FEU-
Institut is only responsible for scoping and inventory whereas the Federal
Environment Protection Agency 1s prepared o perform the final assessment with its
non-standarized and therefore ‘political' boundary conditions and priordes.

In 1996 this project should be finalized with the establishment of a computer
program which will be avzilable for any dealer and institational consamer of paper
and paper products. With that program, one should be in a position to assess which

paper or paper product on the market place are the most environmentally compatible
Ones. '
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3 Development of Scenarios
3.1 Waste Paper in Different Paper Grades

Apart from the current simation Fig. 3.1 shows two different scenarios which are
affected by legal ag well as by economic and ecological forces. The main parameters
of the current sirmation and the scenarnos refer to the waste paper utilization rate and
waste paper collection rae. Jn 1994 the total consumption of paper products
amounted to 16.8 million tonnes, based on 16.3 million tonnes of paper
eonsomption and O35 millton tonnes of priming inks, adhesives and further
components applied in paper conversion and printing.

Total Congumption of Paper Produtss {1994): 16.8 Milion Tannes

1E¥ et rireaing Hernrtivarsbis
1 Fmpar Producia . P
- FL‘H“:“:I
* R (TR T T
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ESource: Irenst i Pictseciabrfamon, Carmata (1255

Fig, 31 Carear Situation ard Scenaries of Recovery Collaction), La
Recyeiing (Utifzation) and Disposal of Waste Pager in Gamminy lag,i

The current waste paper collection rate is 59 percent (8.7 million tonnes of waste
paper collected which is statistically related to 16.3 million tonnes of paper
consumption), whereas the waste paper utilization rafe amounts to 36 percent (8.2

million tonnes of waste paper processed in the Gerrnan paper indusuy related to
14.4 mullion tonnes of paper production).

According 1o scenario I it is assumed that the waste paper collection rate might be
increased by 11 percent. approaching 70 percent. This corresponds w0 a collecred
waste paper volume of 114 million tonnes which must be regarded as a rather

ambitious target. With scenario 1 the waste paper utilization rate is kept at the same
level as in 1994,

According to scenario 2 the waste paper collection rate of 70 percent is identical
with that one of scenario 1. On the other hand, the waste paper utilization rate is
supposed 1 be increased by nine percent, approaching 63 percent. This rate
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corresponds 1o a volume of 9.4 million tonnes of waste paper to be processed,
exceeding the waste paper volume of the current situation and scenario 1 by 1.2
million tonnes. '

In the following sections the vanous featares of both scenarios are explained in
derail.

Current Sitnation

Table 3.-1 shows the German paper production in 1994 divided into four main
groups and furthermore into various graphic paper grades. The most relevant figures
refer to the waste paper utilization rates and waste paper volume processed as welil
as the volume of recycled fibers used and their content in different paper grades,
such as graphic paper. packaging paper and board, sanitary paper and specialty
paper. Additionally the proportion of waste marerial from waste paper processing
and the corresponding volumes of this waste material as air-dry subsiance are
documented. Because of the heterogeneity of the waste paper utilizaton rates of
different grades of graphic papers. the individual figures are given with reference to
newsprint. recveled graphic paper, wood-containing and woodites papers.

Piper  |Warls Papef | Valume of | Procorten | Vohaea Yihers | Proportan
Paper Grace | Producbon [ LHTEHON (Wass Pare) ofWaek | of Waes | o RCF ot RCF
Rty . Iyl (AL
[ Torsm) [x] [l Torrsie] i3] [l Tordsm) | A Tonne] [%]
 Sraphio Paoss 7.00 200 15 x| 178 o4
- Mgt 150 108 t.00 15 025 15 1|
= Amcysien Pane Y] vIE 0.5 1= 005 L0 00
= Woat-tontaingg A% 1 03 5 L .04 t
Fapwr
'l"l'mﬂ'l'ran-lri 280 { 1 a2 15 g 002 1
= Pacuageg Peoe | 557 - 58 9 g4z 45 %
arsd Boant
a Saritary Pytu et ] -] 054 a5 Q20 038 [
» Spawiaity Papar 40 [} o, & L o1 -K~ ] i -
le Tomitvornge | 1443 2 s 12 e 1 f 8
RCF: Fimiypied Fiamn
ST i £ Fthmrmimiiosion. Darmated LG,
: i
Taia% Waste Pa.pef in Diffetardt Paper Gmdu 1895
-Curent Situation and Scanano 1- i

At the current waste paper utilization rate of 56 percent, the average proportion of
waste material from waste paper processing is not more than 12 percent mainly
affected by the waste material generated by processing of waste paper for packaging
papers {efght percent), The total volume of this waste amounts t¢ one million tonnes
as air-dry substance. It is noteworthy that at a waste paper utilization rate of 56
percent the average content of recycled fibers of the total paper volume produced is
not mote than 30 percent.
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Graphic papers are, on average, characterized by the lowest waste paper nilizavion
rate of 28 percent. The biggesr waste paper volume of 1.6 million tonnes out of 2.0
miflion tonnes is used for newsprint production, followed by 0.35 million tonnes of
waste paper processed for manufacmring of recveled graphic paper {e.g. copy paper,
computer prinwuts), whereas wood-containing and woodfree printing and writing
paper conwuns almost no recveled fibers according to the stavstics. A certain, dbut
inknown proportion of DIP produced in newsprint mills is used by paper machines
of the same mull as weil &5 by other paper mills of the same companies
manufacruring SC- and LWC-papers. This results in a lower waste paper utilization
rate than indicated in the case of newsprint and consequently in a higher utilization
rate in the case of SC- and LWC-papers.

Scenario 1

In Scenane I the wasie paper utilization rate of 58 percent is kept constant, whereas
the collection rate of currently 39 percent is increased to 70 percent (11.4 million
tonnes of collected waste paper) which 1s supposed 10 be a most challenging target
figure (Fig, 3.-1). One must be aware that 2.9 million tonnes of paper products are
non-recoverable such as paper products made of sanitary and specialty papers or a
certain proportion of office and printing paper. swored in archives, libraries or
elsewhere. Considering this. the collected volume of 11.4 million tonnes of waste
paper relared 1o the total consumption of paper products of 16.8 million tonnes
corresponds in reality t0 a wasie paper collection rate of 82 percent of potentially
recoverable paper (16.8 - 2.9 = 13.9 million tonnes). The increase of the collected
waste paper volume by {(11.4 - 9.7=) 1.7 million tonnes would mainly comprise
ordinary waste paper grades which could hardly be used by the German paper

Indnstry pecause they are not suitable for graphic or sanitary papers and most of the
specialty papers.

Taking into account the identical waste paper utilization rate of scenario 1,
compared with the current simation, the individual waste paper utilization rates of
different paper grades are alse kept constamt.

Scenario 2

Based on the same collection rate of 70 percent as with scenario 1 the waste paper
utlization rate is targetied at 65 percent which corresponds to a waste paper volume
of 9.4 million tonnes used by the German paper industry being 1.2 million tonnes
igher than at the current situation (Fig. 3.-1). From the present point of view of the
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German paper indusiry this utlization rate of 63 percent is not only ambidous but
almost unrealisic, '

However, the propesed utilization rate of 63 percent is taken as a target figure,
because otherwise scenario 2 would not significantly differ from the current
simation. On the other hand it would be even more unrealistic to introduce with
scenand 2 a lower recycling rate than is already achieved in 15%94. Economic and
légal forces are definitely against a smaller utilizatfon rate than 56 percent,

Puoer  fWams Paper| viwme of Pmgimon [ Yol Vorne | Proparton ]
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- Kgtrint 150 112 1.5 " (L) 138 ¥}
« Racyciad Faper 430 118 o2l AL 0.0 a2 1
- Wind-tomtairarg 4D 28 X k1] 11 052 Fil
Papar
=~ Woodire Piowr im 5 a4 18 0. ot £
 Pacinging Fapar SET s BAR m D58 . +.80 BE
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Table 3.2 Wasts Paper in Different Paper Grades -
-SrRrans :._': =71

Table 3.-2 shows the spliting of the additionally processed waste paper volume of
(9.4 - 8.2 =) 1.2 million tonnes, based on the following assumptions:

* An increase of the urilization rate in packaging paper and board from 94 percent
to 98 percent,

* Anincrease of the wilization rate in sanitary paper by 11 percent to 80 percent.
¢ An almost unchanged utilizaton rate in specialty paper of 45 percent.

These three groups of the German paper production areé supposed to Use an
additional volume of waste paper of almost 0.4 million tonnes compared with the
current situation. The residual volume of waste paper of 0.8 million tonnes must be
therefore processed by deinking for manufacturing of graphic papers. This results in

¢ An increase of the wtilizatian rate in graphic papers by 12 percent to 40 percent.

Newsprint with its slightly increased waste utilization rate of now 112 percent has
almost reached its samration point. The same is valid for recycled graphic paper.
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Therefore, the major proporiion of the additional waste paper volume of 0.8 mitlion
tonnes must be used in wood-containing as well as in woodfree graphic papers. [t is
supposed that the major proporion of the additonal wasie paper volume witl be
used in wood-containing printing papers (0.63 million tonnes) such as 5C- and
LWC-papers, whereas the minor proportion of 0.14 million 1ommes will be processed
for manufacturing of woodfree paper. This results in the lawer case in a waste paper
uulization rate of five percent. Wood-containing paper will achieve a utilization rate

of 26 percent. With reference to coated papers such as LWC-paper the proportion of
waste paper must be then even higher than 26 percent because of the base paper
being only about two thirds of the total paper weight.

It must be takKen into account, that due to improved upgrading measures in waste
paper precessing the proportion of waste material generated will be increased from
135 percent (current situation and scenario 1) to 18 percent and in processing waste
paper for packaging paper and board from eight percent to ten percent, This results

then in an average waste proportion of 13 percent, compared with 12 percent of the
current situation and scenario 1.

Despite the fact that the total waste paper utilization rate increases by nine percent
from 56 percent to 65 percent. the proportion of recycled fibers present in the
processed furnishes will increase by not more than five percent to 35.3 percent, This
has 1o be regarded as a general trend: The higher the waste paper utilization rate, the
higher is the proportion of waste matertal from paper processing in' order to achieve -

well-processed pulps. beneficial for acceptable quality of paper made of recycled
fibers.

Finally, the volume of waste material generated by waste paper processing increases
by 0.4 million tonnes (air-dry substance) or 0.8 million tonnes (wet state) to 1.4
miilion tonnes (atr-dry substance) or 2.8 million tonnes (wet state).

3.2 Export and Import of Waste Paper

Current Sitzation

In 1994 Germany imported 0.7 million tonnes of waste paper predominantly in
terms of medium 2nd superior grades, in the first place from neighbouring countties
of the Etropean Union, On the other hand the export of waste paper was mainly
realized 1o West Evropean countries and totalled 2.2 million tonnes (sge Fig. 12-
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15). The balance of imports and exports resulted in a net export of 1.5 million
topnes (Fig. 3.-1).

Scenario 1

According 0 scenario 1 this net export is kept constant despite the fact that the
volume of imported waste paper might increase because of a growing demand of the
German paper industry with respect (0 superjor wasle paper grades. This extended
waste paper import must be balanced by a larger volume of exported waste paper,
particularly ta regions with fiber shortage such as countries of the Far East.

Scenario 2

Fig. 3.-1 makes evident that in the case of scenario 2 it is assumed that the net
export of waste paper might be increased by 0.5 million tonnes approaching a total
volume of 2.0 rullion tonnes. This estimated increase is marginal compared with the
contnuously increasing demand of the prospering countries of the Far East.
However, one muost bear in mind that a significant proportion of the exported waste
paper comprises ordinary grades such as mixed waste and department store waste,
whereas waste paper for deinking, inéreasingly demanded also by foreign marksts,
will not be sufficiently available for export due to the increasing demand of the
home market. Medium and superior grades, increasingly required by the Gerrnan
paper industry, are virtually unavailable for export.

3.3 Disposal of Non-Recyclable Waste Paper

Current Sitnation

Currenty 4.2 million tonnes of waste paper are not recyclable (see Fig. 1.2.-16).
This volume must be disposed of either by landfilling (70 percent = 3.0 million
tonnes) or by incineration in municipal combusticn plants (30 percent = 1.2 million
tonnes) {Fig. 3.-1). The proportion of non-recyclable waste paper, going to
composting, 15 so marginal that no reference is made to this issue which is relevant
curzently for biowaste of households. Municipal incineratdon stands partly for
energy recovery although the main target is the reducrion of the waste volume in
order to relieve the decreasing capacities of landfills. Due to the Municipal Waste
Management Provision landfilling of organic matter such as pon-recyclable waste
paper will not be permitied any more at the latest by the year 2005.
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Scenario 1

Scenasio 1 rekes this legal requirement mentioned above into account. In the case of
an increased waste paper collection rate of 70 percent 1.7 million tonnes of waste
paper is identifted as an overcollected volume which is supposed (0 be neither
utilized by the German paper industry nor exported (Fig. 3.-1).

This overcollected volume of waste paper characterized by a too low quality must
be burnt, preferably by combustion plants of the paper industry, making use of co-
generation and saving about 0.7 million tonnes of hard coal or 0.4 million tonnes of
fael oil. The overcollecied volume of 1.7 million tommes of ash-comaining waste
paper corresponds to approx, 1.4 million ronnes of ash-free waste paper, Ash-free
waste paper has a heating value of 15 GJ/tonne, whereas the hearing value of hard
coal amounts to 30 Gl/onne and of fuel il to 42 G/tonne.

The remaimng proporiion of non-recyclable wasie paper totals 2.5 million topnes
which must be burnt in mumicipal incineration plants. This volume mainly generated
by private households corresponds 1o 2 per-capita waste paper volume of 30 kg/cap,

stil} present as & small proportion of residual waste of households to be disposed of
by municipal incineration.

Scenario 2

With reference to scenaric 2 no waste paper is suppesed to be available for
indusrial combustion because of the increased waste paper utlization rate of 63
percent and extended waste paper net export (Fig, 3.-1).

In this case the remaining non-recyclable volume of waste paper (2.5 million
tonnes) 1$ divided into two fractions, partly used as a co-substrate for composting
(0.8 million tonnes} or as 2 fuel in municipal incinerarion plants (1.7 million
tonnes). According to chapter 1.4.5.2 the estimated volume of biowaste, collected in
private households and which will be composted. totals about five million tonnes.
Up w0 20 percent of this biowaste can copiain 0.8 to 1.0 million tonmes of waste
paper with reference to the optimum carbon-nitrogen ratio of the substrate required
for an effective composting. The separately collected residual waste is expectad to
contain further & certain proportion of non-recvclable waste paper for energy
recovery because a perfect separation between residual waste and waste paper can
be never realized by end-consumers. |
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3.4 Utilization and Disposal of Waste Material
from Waste Paper Processing

Table 3.-1 shows thar 1.0 million tonnes {sir-dry subsiance) of waste material in
terms of rejects and deinking sludge is generated by the processing of waste paper in
the differemt groups of the German peper production. In seality, this waste is
produced in & wet state With an average moisture content of 45 percent which resuits
ir a total volume of 2.0 million tonnes. To avoid any confusion in the following,
reference is made to air-dry substance of wasie.

Current situation

In 1594 already 40 percent of the volume of the waste material was burnt in special
furnaces of the paper industry (Fig. 3.-2) which have to fulfil stringent requirements
with respect 10 air-born ernissions acgording o the 17t Regulation of the Federal
Emission Conwol Act (see chapter 1.3.3.2). By incineratng filler and pigment
containing sludges, bonom and flue ash is produced which s not further waken inww
account: So far, the major part of the ash is disposed of by landfilling which does
not contribute  any air-born emissions or polluton of the leachate water in the

case of dumped ash. A smaller proportion is used as raw rnaterial by the cement
mndusuy.

Waste Fropartien %] Toted Volume of ‘Waste {sit-dry Subsanss) ]

Sourcar e Fir Paphrtaoriamon, Camaracy (e8] Seanari Sowmro
Fip.g-z | Current Stuation ang Scanarios of Treatmant of Waste Maten =
from Wasia Paper Processing in Germany el

It i3 supposed that about 120,000 tonnes of bottom and flue ash is produced,
assuming an average ash content of the untreated waste material of 40 percent.
Furthermore, the untreated ash is based on about 50 percent of china clay and

approx. 50 percent of calcium carbonate which is transformed into calcivm oxide at
the high remperature of the furnaces.

CHAPI.DOCH L 0897

o O

N
A

y OO0 000 0O

(_

5

OO QO O




-

151

Not more than 20 percent of the waste material of waste paper processing mills is
(still) disposed of by landfilling which results in environmental pollution due to the
generation of methane and carbon dioxide both contributing to global warming.
Because of legal. ecological and economic requirements, landfilling of such organic

matter will not be performed in the future. Therefore, both scenarios do not take any
landfilling into consideration.

Approximately 15 percent of the waste is treated biologically in terms of soil
spreading, composung and forther viilizavion. Soil spreading of untreated waste is
currently less well received by farmers and winegrowers as it was in the past.

Approximately 20 percent of the waste is utilized as a raw material by the cement
industry, in brick works and the manofacturing of further construction material.

Finally, five percent of the waste serves as a raw material in manufacturing particle
board. cat litter or further material.

Scenario 1

Driven by the Municipal Wasie Management Provision as well as by dramatically
increasmg dumping costs, the stll Jandfilled volume of waste must be treated in
another manner, preferably by incineraton in the paper indusiry (Fis. 3.-2).
Therefore, it is assumed that 60 percent of the total volume of the waste material out
of 1.0 million tonnes will be burnt for the benefit of energy recovery.

The residual volume of 40 percemt will be further treated biologically (soil
spreading, composting} and used as a raw material for different purposes as in the
current simation.

Scenario 2

According to scenario 2 (Fig, 3.-2) the capacities of industrial incineration will be
further increased achieving a proportion of 65 percent of the total waste volume of
1.4 mullion tonnes (Table 3.-2). Incineration becomes even more attractive because
of significant cost savings compared with landfilling, Even an ash-containing and

wel waste from waste paper processing contribies to enerzy recovery because no
additional (fossil) fuel ruust be applied.
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Because of expected restrictions with respect to seil spreading the portion of

biclogically treated waste will not exceed 150,000 wonnes which corresponds to ten
percent of the total volume of waste matearial .

On the other hand, there will be improved oppormonities for the utilization of waste
in the cement industry, brick works and for manufacturing of other construction
material. The volume of that waste (0.3 million tonnes) is still marginal compared
with the capacity of the cement industry being as big as 33 million tonnes, The
waste material from paper mills must be free of inorganic poilutants (heavy metals).
This requirement will be fulfilled almost perfectly of the future printing inks
whereas fillers and pigments wili further contain heavy metals,

The final proportion of five percent of the total volume of waste for other utilization

will be kept constant. The alternative would be either industrial incineration or
ueilization as & raw material for construction material,
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4 Comparison of the Scenarios
4.1 Environmenial Impacts

4.11 Definition of the Scenarios

153

Table 4.1.-1 shows the basic figures of the current sitvation and both scenarios of

» Taw material input for paper production
o utilizaton and disposal of waste paper

+ urilization and disposal of waste material

as presented and discussed in chapters 3.1 to 3.4.

Table 4.1.-1: Basic Figores of Current Situation and both Scenarios

Corrent Situation Scenarig 1 Scenario 2
Raw Materjal Input [or Paper %] [M Tornes] (5} [M Tonaes] [%] M Tonnpes)
Production!
Wasie Pancr kiH g2 5 5.2 57 8.4
Sulfae Puln 19 ER | 18 31 17 2B
Sulfite Pulp ] 0.8 b 0.8 [ 1)
SOWPGW ) 1.0 g i.0 2 .3
TMP 2 0.3 2 0.3 4 1 07 3
Fillers and Additves 1% 30 18 3.0 1] 14
Toral 100 164 10 16.4 160 Fé,4
Utilization and Disposal of
Wase Paper+
Rezveling in Germanv 49 22 49 8.2 8 a4 |
Met Export G 1.5 a 1.5 12 2.0
Nor-Recoverable 17 29 17 18 17 2.9
Landfilling 13 14 1] i} 1] Lt
Municipal Incineraton 7 12 13 1.5 10 1.7
Composting ) 1] 0 0 4] 5 0.8 )
Indusiial Incinerarion 0 ) 10 1.7 H 0 J
Tatal 10 16.8 11X} 16.8 1040 I6.8
Udlization and Dispesal of :
Waste Material®
Indusirzal Incineration a0 0.8 &0 1.2 &5 1.5 .
Landfilling a0 0.4 0 0 q a_ |
Bivlorical Utilizatdan™ 15 0.3 15 0.3 11 0.3 ]
Building Materizl® 20 04 20 0.4 20 0.6
Others® 5 0.] 5 0.1 5 0.1
Tara] 10 a4 1) 2.0 100 R
I air-dry 1onnes; related 1o 16.4 million wonnes of raw material consumption in Germany (1994)
",

Germany (1994)

O uh Ja

wer wonnes; dry content approx. 43 %
composting, soil spreading and other biological utilization
cement, brick and other building material manufacturing
particle board, cat litter erc.

air-dry tonnes; related to 16.8 million tonnes of consumption of paper products in
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The waste paper as a percentage of total raw material consumption dges not
correspond to the waste paper utilization rate 2s percentage which refers to the paper
production. Paper production is less (=14.4 M tonnes) than the total raw material
consurmnption (= 16.4 M tonnes). The difference between total raw materal
consurnption and paper production is affected by losses (in terms of rejects and
sludges) in processing waste paper as well as virgin pulps and fillers in the stock
preparation planis of paper mills.

Greenpeace is advocating a waste paper utilization rate of 75 percent (10.8 M tonnes

waste paper : 14.4 M tonnes paper production) corresponding to a waste paper
proportion of the total raw material consumption of 65 percent (10.8 M tonnes waste
paper : 164 M tonmes raw material comsumption) in 1994. It is mot worth
considering 75 percent utilization rate = 65 percent waste paper proportion as a
scenario because of lack of an additjonal waste paper volume which fulfils quality
requirements (e.g. in terms of pre-consumer wastz) and because of the deterioration

of paper quality with respect to printing and writing papers. Addidonal sludge -

generation, however, would not cause serious problems taking into account that an
Increasing sludge volume is going to be incinerared or vsed as a raw materal in

other indusiies, ¢.g. for manufacnuing construction material such as cement or
* bricks,

O

OO0 0000

0000 0

O O O

00000

O O




o

154

412 Procedure of Valuation

To compare the environmental impacts of the current situation and both scenarios,
modules are created for the production of chemical, mechanical and deinked pulps,
preparation of fillers and paper manufacturing as well as for landfilling, incineration
and utilizaton of waste paper and industial waste material from paper manufac-
turing.

The categories and parameters dealt with are as follows:

*

use of thermal and electrical energy (parameter: energy content in [GT])
air emissions (parameters: particles, NO,, SO, CO (fossil or biogenetic)
water emissions (parameters: volume of waste water, COD, BOD and A0X)

landfilled waste (parameter: mass)

by-products energy (parameter: energy content in {GI)), utilized waste material
and compost {parameter: amount).

The following simplifications are made;

Transportation is not taken into account, Its effect is more or less identical with
the current simation as well as with both scenarios, Furthermore, it is well known
that s enviroumental impact is small compared with the other, producton
related environmental issues,

Paper conversion is also left out because its effect is identical with the current
sieation and both scenarios.

The propertion of 18 percent of the material input in terms of fillers, pigments
and additives are taken together as fillers.

The energy required for disposal of waste paper as well as for utilization and
disposal of waste material is negligible in comparison with the energy used by

‘production processes. Therefore, this proportion is not taken inte account.

Mechanical and deinked pulps are considered to be produced in integrated paper
mills, Chemical pulps are considered to be supplied as market pulps.

CHAPLDIC 120297,




413 Calculation of Environmental Impacts
4.1.3.1  Energy Use and related Air Emissions in the German Paper Industry

For the calculation of the air emissions resulting from energy consumption in the
pulp and paper industry, the following model is used:

61 percent of the electrical energy of the German paper industry was provided by
purchasing electricity from the public supply grid and 39 percent by industrial
generaton in term of co-generation,

The aw:erage fuel mix for the production of grid electricity in Germany (1993) is
illustrated in Fig. 4.1-1; Table 41-2 shows the air emissions related to the
consumption of grid electricity.

Table 4.1.-2: Fuel Mix for the Production of Grid Electricity and specific Air
Emissions per GJ of Electrical Energy Consnmption

| Fuel Mix [ %}
Nuclear Power 29
Hard Coal 28
Brown Coal 28
| Narural Gas [
Hydropower 4
Fuel (i} 2
Other Fuels' 3
Total 1
Air Emissions (g/G]y T

Particles 22
809 133
NO, 208
€O (fossil) 186,200

") Other Fuels: e.g. windpower, incineration of household waste
Source: GEMIS (1995)
Bundeministerium fiir Wirtschaft/Bonn (19596)

The average fuel mix vsed by the German pulp and paper industry for the generation
of thermal and electrical energy is shown in Fig. 4.1.-2. To calculate the emissions
from the consumption of industrially generated electrical and thermal energy only
the fuels hard coal, brown coal, fuel oil and natural gas are taken inte account. The
composition of the category “other fuels” is not sufficiently specified in the statistics
and therefore not included. The incineration of biack liquor is considered separately
within the air emissions from the pulping process. The incineration of waste
material is also treated separately together with recycling and landfiling of waste
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material. The energy generated by industrial co-generation of waste matererial is

credited.

O fue: w0 wotd, housshoid wioRs, wind
Serwra: Ersrriscaten "85, Burshscninserum S Wirtechatt. Beran. f1945)

Fusi Mix for the Production of Grid Elactricity e
Fig 4.1.-1
ke in Germany (1993) 1898
Resicuss
Otherr: .5 Steam fron Expemal Sooma:,
Serrra; VOF, Bonn {3485)
1z
Fig-4.1.-2 Energy Sources in Geormman Paper Industry (1954) es
CH T

This leads o the following propertions of enersy sources in terms of their enerey

content (Germany 1994):
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Namral Gas 54 %
Hard Coal 22 %
Brown Coal & %
Fue} O 15 %
Sub-Total 97 %
Reziduss 1%
Bark 1%
Total 100 %

Different Fuels per GJ of Electrical Energy Comsumption

157

Table 4.1..3 shows characteristic emissions of industrial power plants for co-
generation operating with different fuels,

Table 4.1.-3: Specific Air Emissions of Industrial Power Plants operating with

Alr Emission Parameters hagég][;as H?;fG%nﬂ Br?;’é‘%“ﬂl Fi';é?lﬂ
Particles 3 35 35 118
30 14 284 158 293
NO: 124 272 272 352
L0 {fossi)) 130,770 363,130 430.4°H 221.74%

Sourcer GEMIS

of the German Paper Production

Table 4.1.-4: Specific Air Emissions related to Energy Consumption |

Ajr Emisgion Parameters I f;é?& | EIF;CE;!I}*
Particles 15 19
SO 66 105
NOy 104 163
CQ» {fossil) 111550 152.250

The emission factors for the consumption of ! GJ thermal or electrical energy listed
i Table 4.1.-4 are caleolated with the following eguations:
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steam Y T ‘€jfuel Pruet) [g/GI]
fuels Th:ntal :

lectricity: Y, (—El-e jfuel "Pfuel “det ind. ¥ €] grid “Yel grid) [8/ G}
fuels "total

with

g = thermal efficiency (43%)

Nej = elecwical efficiency (40 %)

Thora] = Overall efficiency (85%)

€] = specificemission factor (2. g. 805)

Priel = shareof the fuel of industrial enerey mix

Qelind. =shareof electrical energy co- generated in industry (3% %)

Qe grig = shareof electricalenergy purchased from grid (61%)

4.1.3.2  Production of Pulps, Fillers and Paper

Sulfate Pulp

Table 4.1-3 shows the averaged environmental impacts of the production of
clementally chiorine-free (ECF) bleached sulfate pulp. Sulfate pulp is supposed to
be market pulp produced in non-integrated pulp mills,

Electrical and thermal energy is generated by incinerating bark and black liquor, in
which about 50 percent of the used woed is dissolved. A small proportion of fossil
energy (fuel oil} is required as support fuel (e.g. at the lime kiln). The generared
energy covers more than 1s required by the process, so that a surplus of electricity
can be used by other consumers, for example, by supplying it to the grid. The
surplus is treated as a by-product.

Pulping of sulfate pulp is energy self-sufficient due to the energy content of bark

and black liquor. Therefore, pulping is taken to be a procass which does not require
external energy supply.

The CO, emissions resulting from combusting bark and black Hquor is classified as
biogenetic, not contributing to the greenhouse effect,
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Table 4.1.-5: Environmental Impacts of ECF Sulfate Pulp Production

: Salfate Pulp Produetion
INPE)T per tonne Sulfate Puip g.d. a.d.
Energy
Electrigity [GE o* 0
Hearing {1 0* {
Total [GJ} fl {
Raw Moterinls
Wiod. 0.d. undebarked fit] 2.7 1.4
Water [m?] 500 45.0
QUTPUT per tonne Sulfate Pulp ) o.d. a.d.
Alr Emissions
Panigles kel 2.3 2.3
5Ch ikg] 1.5 1.4
NO, Tka] 22 2.0
0. (fossil) flep 130 i17.0
CO- (blogeneric) flgl 3.210.0 ~ 2.889.0
Water Emivsions
Volume of Waste Warer Im”] 4.0 41.0
LoD [ke] 3.0 310
jilela 34 1.4 1.3
AGK fka] 07 0.6
Bv-Products
| Elecirical Enerev [GH 1.1 i 1.0
o.d.;oven-dry *Energy input based on black liqguer: 3.5 GI electricity/o.d. tonne pulp
a.d.; air-dry 16.1 (] thermal enersyfo.d. tonne pulp
BOD in terms of BOD+

Source: KCL Eco Dawbase/Espoo (1995}

Institut flir Papierfabritarion/Darmsiady (1995)

Sulfite Pulp

Table 4.1.-6 shows the average environmental Impacts of the production of totally
chlorine-free (TCF) bleached sulfite pulp. Sulfite pulp is, as in the case of sulfate
pulp, supposed to be market pulp produced in non-integrated pulp mills.

Pulping of sulfite pulp is energy self-sufficient. Therefore, pulping of sulfite pulp is
also taken to be a process which does not require external energy supply. However,
due 10 & higher yield and a higher energy demand with TCFE bleaching no sorplus

energy is generated in contrast 1o sulfate pulping.
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Table 4.1.-6: Environmental Impacts of TCF Sulfite Pulp Production

Sulfate Pulp Prodocton
INPUT per toane Suifite Poip o.d a,d.
Energy
Electicity (S]] o {
Heating [GT] o= i)
Total {GJ} ] 0
Raw Mmericis
Wood, o.d. undebarked [ 2.4 2.2
Water [m>] 420 39.0
OUTPUT per torne Salfite Pnlp o.d. a.d,
 Afr Erisgionis
Pariicies Tkrd 49 0.5
504 [kel 30 18
NO. [ke) I8 1.6
O (fossil) Tke} 113.0 101.7
C Q= (biogenetic) Tkel 2.276.0 2.048.0
| Water Emissions
wolume of Waste Water 25 580 34.2
CoD [ke] 20.0 180
ROD [ke] 1.B 1.6
(20X [km] I 0.0
o.d.: oven-dry: a.d.: air-dry
BOD in werms of BOD4
*Energy input based on black liquor: 3.3 GJ electrieity/o.d. tonne pulp
13.1 GJ thermal energy/o.d. tonne pulp
Source: KCL Ece Database/Espoo [1995)
Insting fir Papierfabrikarion/Darmstady (1995)
Table 4.1.-7: Environmental Iitpacts of TMP Production
TMP Production
INPUT per tonne TMP d. ad.
 Ererzy
Eleciriciy fGT] 10.0 9.0
Heatng FGT] 0 {1
Total fGA] Fiiks] a4
Ravw Materials
Wood. o.d. undebarked It 12 1.1
QUTPUT per wonne TMEP i, ad,
Al Emissions '
Particles [ke] 0.2 Q.2
30 (kei 1.2 11
NOD, {ke) 1.8 1.6
GO (fossil) fkg] 1.730.0 1,537.0
| C04 (hiogenetic) [kel ] a
| By-Froducts
Thermal Energy fGl] 42 3.8

o.4. oven-dry, a.d. air-dry

Source: KCL Eco Database/Espoo { 1995)

Institur fiir Papierfabrikation/Darmstad; {1995)
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Thermomechanical Pulp

Table 4.1.-7 shows the epvironmental impacts of the production of thermo-
mechanical pulp (TMP). -

TMP production is performed in an integrated mill. Waste water emissions are
considered within the paper module in order to avoid a double valuation. A TMP
plant is free from {direct) emissions w & wasie water treziment plant.

The energy consumption of TMP production depends on the pulp quality produced
" (particularly with respect to the freeness of the pulp). The erergy demand of
refiners, screening/cleaning and further processes varies between 7.2 GI and 9.5 GJ

per air-dry tonne TMP. Additionally the energy consumption of wood handling is
taken 10to acCOURnL.

TMP production is characterized by the generation of steam which is used for pre-
steaming of the wood chips as well as for drying in the paper machine.

Stone Gronndwood/Pressure Groundwood

Table 4.1-8 shows the environmental impacts of the production of stone ground-
wood (3GW) and pressure groundwooed (PGW).

Table 4.1.-8; Environmental Impacts of SGW/PGW Production

SGWMPGW Production
INPUT per tapne SGW/PGW ; 0.4 ad.
Energy
Elecricity faI] 8.7 1.8
Heating [GI) 03 0.3
Toral &I %0 &.7
Raw Marerials
‘Wood, o.d. undebarked Il 1.1 1.4
QUTPUT per tonne SGW/PGW o.d a.d.
Air Emissions
Particles [kel {.2 0.2
30, Tke] 0.9 0.8
NO, lkel . 1.5 1.4
0 (fosail} (kg] 1.358.0 1,222.0
20+ (hineenetic) Tk} ! & it
o.d.: oven-dry; ad.: air-dry
Source: KCL Eco Databose/Fspoo (1995}
Instius fiir Papierfebrikation/Darmstadt {1993)
CHAPL.DOC 7,007
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As in the case of TMP, SGW and PGW are produced in integrated mijls. Waste

water emissions are therefore considered within the paper module in order o avoid
a double valuation.

The demand of electrical energy is affected by the quality of the pulp produced.
Depending on the frecness aimed at the pulping, cleaning/screerung and bieaching
the energy demand ranges between 5.5 GI to 7 GJ per air-dry tonne of SGW and

PGW, Additionally electrical and thermal energy for wood handling and bleaching
is consurned.

‘Waste Paper Processing

The environmental impacts of waste paper processing are shown in Table 4.1.-9. Ag
waste paper {for ondeinked as well as deinked pulp) is gemerally processed in
integrated mills, waste water emissions are treated within the paper manufactiring
module. About one third of waste paper used by paper production is wreated by

deinking whersas about two thirds of waste paper Is reguired as undeinked pulp for
manufacturing packaging paper and board

Processing of waste paper requires electrical energy (1 GJ to 1.8 GJ per air-dry
tonne recycled fibers) as well as (L8 to 1.4 GJ stcam/tonne depending on the
upgrading measures such as cleaning and screening, fractionation, dispersion,

deinking or bleaching including sludge and reject weatment {dewatering).

Table 4.1,-9: Environmental Impacts of Waste Paper Processing

Waste Paper Processing

INPUIT per tanne Basvycled Fiber : Bk, ad,

Energy

Elecmiciry 1G] 1.2 11
| Heating 1437} .6 [

Taral _ [GIT ) 27
[ Raw Materials

Waste Paper ] 1.3 1.1

QWUTPUT per tonne Recveled Fiber o.d a.d,
Alr Erissions

Particles ke DAAE VRVA)
| 505 [ke] C 0.2 .2
NOy {ke} 0.3 .2
T (fossil) [kel 245.0 223.0
s (hiogenetic) [kgi ] 0] 0
o.d.: oven dry

Source: Instituz fiir Papierfabritation/Darmstads { 1995}
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Filiers _
In papermaking 1% percent of non-{iber material comprises fillers and pigments (14

percent), chernicals and additives {4 percent). For simplification the total proportion
of non-fiber material is regarded as fillers and pigtents as calcium carbonate.

By burning calcium carbonate (CaCQO,) in combustion plants of the industry (sludge
disposal and waste papet incineration) or of the communities (Waste paper disposal)
carbon dioxide (CQ,) is released because of the decomposition of CaC(Q;. This
proportion of released fossil CO, and the remaining ash (CaQ) are -not taken into
"account because they are negligible cornpared with the corresponding environmental
impacts of the main production processes and energy generation, |

The environmental impacts of the production of calcium carbonate, including
minittg and refining, are shown in Table 4.1.-10.

Table 4.1.10; Environmental Impacts of Filler Production

(Mining and Refining)
Filler Prodoction
INPUT per tonxe Fillers o.td,
' Energy
Eleciricity [GI} 0.2
Heatng [} 0]
Tatal G 0.2
Raw Materinls
Limestone Rock [t] 1.1
OUTPUT per wonne Fillers a.d
Afr Bmissions
Particles {ka} 0,01
S0, ksl 0,03
NO? HCE] 0.04
COn {fossil) ' flg 410
1 C{q (hiagrneris) fkal q
0.d.: oven-dry

Source: KCI, Eco Database/Espan { [995]
Institui fiir Papierfabrikation/Darmstady (1995}
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Stock Preparation

When chemical pulp is used for paper production, stock preparation. (cleaning,

sereening, refining eic.) is necessary. Table 4.1.-11 shows the environmental data of
stock preparation.

Table 4.1.-11: Environmental Impacts of Stock Preparation

Stock Preparation
INPUT per tonne Chemical Palp i 0.4, a.d.
Enerey
Electricity [G] 1.0 0.9
Healing__ [GI q 0
Total fGJ} 1.0 0.9
QUTPUT per torneChemiol Pulp
Alr Emisyions
Partic]es _Ikgl 0.02 .02
30 Tke] [0 0.2
NO., [kgi 0.1 Q.1
CCh {fos5i]) _{ke] 152.0 137.0
C0a (biogeneric) ikat Q 0

o.d.: oven-dry; ad.: air-dry
Source: Institut fiir Paplerfabrikation/Darmstadt (1995)

Table 4.1.-12: Environmental Impacts of Paper Production

Paper Prodietion
INPUT per tonne Paper o.d. ad.
Energy
Eleeiricity (GT] 30 7
Heating (31 25 13
Toral fGI] 3.5 S
Raw Materialy
Pulp and Fillers, g 14 14
Water {m2] 17.0 - 15.0
OUTPIIT per tonne Paper o.d. g
Air Emissions
Particies [ke] 0.1 0.1
30, k] 0.5 0.4
N, Tkei 0.3 0.7
20 (fossi]) [ka} 736.0 Bl
CO~ (binpenetic) fkz] 0 {
Water Emissions
Volume of Waste Warer [m?] 15.0 13.5
Cob fkg] 3.0 27
BOD [ke] 0.3 0.3
AQX ikg] ! 0
0.d.: oven-dry; a.d.; air-dry
BOD in terms of BODg

Source: Institut fiir Papierfabrikation/Darmstadr { 1995}
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Paper Production

Paper production requires electrical and thermal energy. Depending on the paper or
board grade produced the energy consumption ranges between 2 GJ and 4 GJ of
electrical engrgy per air-dry tonne paper and berween 1.2 GJ and 3.5 GJ of thermal
energy per air-dry tonne paper. This includes the paper manufacnuring itself but also

secondary processes as e-g. waste water treatment, treatment of sludge (dewatering)
and waste material handiing,

. The environmental impacts of paper production are shown in Table 4.1.-12.

4.1.3.3  Utilizafion and Disposal of Waste Paper

Landfilling of non-recyclable Waste Paper

The energy demand for landfilling {mainly as fuels to operate technical equipment
for distribution and compression of waste) is about 20 MJ to0 40 MIJ per tonne of
waste. This demand is negligible compared with the energy demand for pulp and
paper production and therefore it is not taken into account (Table 4.1.-13).

About 40 percent to 60 percent of the landfilled waste paper will decay under
landfilling conditions in a period of several decades. Air and water emissions
occuring during degradation of landfilled waste depend on the elemental
composition of the dumped material. As the content of suiphur and nitrogen of
paper products is less than one percent, only gaseous ernissions in terms of CH, and
biogenetic €O, are considerad to be of significance. The degraded argamic carbon
(200 kg carbon per oven-dry tonne waste paper) is transformed © 50 percent each
into CO, and CH, (in terms of their carbon content).

Furthermore, emissions of landfill leachate of dumped waste paper are largely
unknown. The volume of the leachate generated during the long-terin degradation
pertod depends on regionally different rainfalls and cannot be quantified. For that
reason only COD and BOD loads are taken into account. They are approximated by

-using COD values measwed in the water extract of waste paper (sec
chapter 1.3,1.5.1}.
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Tabie 4.1.-14: Envirenmental Impacts of Waste Paper Incineration

Incineration of Waste Paper

QUTPUT per wone Waste Paper 0.l a.d.
Afr Emissions

Pariicies The) 0.2 2.2
S Tke) 0.3 0.3
NO, [ke} 16 1.4
CO- (fossily {ke? {} 0
| CO+ (hiogenetic) (ke] 1.380.40 1.170.0
EwProduczs

Muzicipal Incineration

Electrical Enerav [GI} 2.5 225
| Industrial Incineration

Electrical Energy [G}] 6.7 6.0
Thermzl Fnerey N 75 635

167

o.dl; oven-dry; a.d.; air-dry

Source: KCL Eco Database/Fspoa (1995}
Inssitur flir Popierfabrikarion/Darmstad; (1993}

Coraposting of Waste Paper

The energy demand of the technical equipment for composting is of the same order
a5 for landfilling. This energy demand is, hawever, not taken int? account,

Composting of waste paper together with biowaste from households results in a
fipal compost which amounts to 50 percent of the original mass of the input
substrates. The compost produced is regarded as a by-product.

The biodegradation of waste paper under asrobic decomposition conditions pro-
duces biogenetic CO, emissions which do not contribute to the greenhouse effect.
Methane production is so marginal that it is not taken into account,

Leachate emissions cannot be quantified as in landfilling of waste paper. The
volume of leachate is affected by the composting method and the locally different
rzinfalls, Therefore, only COD and BOD loads are approximated with reference to

the corresponding loads obtained by water extract of waste paper (see chapter
1.3.1.5.1).

Table 4.1.-15 shows the environmental impacts of waste paper composting.
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Table 4.1.-15: Environmental Impacts of Waste Paper Composting

Composting of Waste Paper

QUTPUT per tonne Waste Paper .. ad.
Air Emissiony
20 (hiomenennd _ [kl 7348 &00
CHa [kel [i] 4]
Water Emissions

- IVolume of Waste "Warer Im=] - -
Con [ke} 200 18.0
BOD _ (ke 2.0 B
Bv-Produeses
Compost ] | 0.5 0.5

o.d.: oven-dry; a.d.; air-dry
. BOD in terms of BOD»

 Source:Insting fiir Papierfabrikarion/Darmstadt (1995}

4.1.3.4  Utilization and Disposal of Waste Material

Landfilling of Waste Material

As in the case of waste paper disposal by landfilling the energy ¢consumption of the
disposal of waste material is not taken into account.

Waste material © be dumped consists meinly of ash, rejects, deinking stodge and
sludge from waste water treatment. The extent of decomposition of waste marerial is
supposed to be of the same order as that of waste paper (40 percent to 60 percent).
According 0 the reasons explained with reference to landfilled waste paper air
ernissions only refer to carbon dioxide and methane whereas the water emissions
comprise COD and BOD loads. For the calculation of the air-bom emissions

reference is made to the carbon content of deinking sindge, Deinking shidge

contains about 50 percent ash, considered to be free of carbon, and 50 percent
organic matter with a carbon conent of 40 percent (200 kg carben per tonne of
oven-dry waste material prior to degradation), Furthermore, it is supposed that the
caroon present in waste materiai is ransformed to 50 percent each into CO, and
CH, as far as the carbon content of these emissions is concerned.

The water-born emissions of waste marteral are set as identical with those of wasie
paper.

Table 4.1.-16 shows the environmenta] impacts of waste roaterial landfifling.
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Table 41.-16: Environmental Impacts of Landfilling of Waste Maierial

p— .
Landfilling of Waste Material
OUTPUT pet wet tonne Waste Material
Alr Emivyions
C05 (biogenetic) [ke) 50.0
CHa fkel 25.0
Water Emissions
Volume of Waste Waler [ -
col [kg] 200
BOD - {kel 2.0
BOD in tarms of BOD

Source: KCL Eco Daiabase/Espoo (1995)
Institit fiir Fapierfabrikation/Darmstadr { 1995)

Incineration of Waste Material

‘Waste material 10 be incinerated consists mainly of studges and rejects from waste
paper processing and waste water treatment with a dry content of 40 percent 10 50
percent and a heating value of 4 GJ 10 5 GJ per wet tonne.

The efficiency of industrial boilers is 40 percent for electrical energy and 45 percent
for thermal energy (83 percent overzll afficiency), so that 2 GI electrical and 2.23
GJ thermal energy per wet fonne waste material can be generated.

Botiom and flue ashes which must be dumped or can be used as raw material for the
manufacturing of building raterial are not taken into account.

In Table 4.1.-17 the datz of waste material incineration are shown.

Tabie 4.1.-17: Environmental Impacts of Incineration of Waste Material

Incineration of Waste Material
QUTPUT pec_wet tonne Waste Material
Atr Emisgions
Partjcles [kgi 0.01
50, fke) 0.06
N0, frel .80
CQ sl Tkal 0
CO- (biogenesic) {kg] 734.0
By-Products
Electyical Energv G 200
Thermal Energy Gl 1.25

Source: KCL Eco Database/Espoo (1995)
{nstitut fiir Papierfabrikarion/Darmstady (1993)
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Biological Utilization of Waste Materjal

. Biological weatment of waste material refers mainly to composting and soil
spreading.

As in the case of landfilling of waste material, a yield of 50 percent is assumed. The

carbon content of wasie material is supposed 10 be approximately 20 percent (200
kg carbon per oven-dry tonne of waste material). It is assumed that 50 percent of

‘that carbon content is transformed into biogenetic CO,. Because of aerchic

conditions it compostng or soil spreading, ordy @ marginal volume of methane
might be produced.

Leachate cannot be quantified. Therefore, COD and BOD loads generated are
supposed 10 be identical with the comresponding loads of waste paper.

The compost produced (50 perceni of the onigingd wasie material) is regarded as &
by-product. |

Table 4.1.-18 shows the envivonmental impacts of the biclogical wtilization of wasiz
material,

Table 4,1.-18: Environmental Impacts of Biolegical Utilization

of Waste Material
Biological Dtilizadon of Waste Material
OUTPUT per wel wnne Warie Maoterial
Air Emissions : |
CO» (bioganetis) [kgl 18&.0
CHa fkel 0
Wter Emiysions
Volume of Waste Water [m?] -
CoD [ke] 20.0
BOD ' [kel 2.0
By-Products
Compaost {wet} [t] (.5
BOD in terms of BODs

Source: Institur fiir Papierfabrikation/Darmstad: (1995)
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Utilization of Waste Materjal for Building Material Manufacturing
and Other Utilization

Any environimental impact of waste material used as raw material for the manu-
facturing of building material or other purposes is neglected. It is supposed that the
environmental parameters concerned are irrelevant. Furthermore, a proportion of the
waste material is bumt in the cement industry for energy recovery and at the same

timne vsed 25 & Taw moaterial {ash contemt of the wwaste material), This proportion is
unknown buf considered to be $mall.

The utilized waste material is ﬁ&garded as a raw material and therefore classified as
a by-product {Tzble 4.1.-19), .

Table 4.1.-1%: Environmental Irnpacts of Utilization of Waste Materjal for
Building Material Mannfacturing and other Utilization

Utiliration of Waste Material
QUTPUT ner wet tobine Waste Material
By-Froductr
Secondary Raw Materials (wet) [l 1.0

CHAP DO 17,0297
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4.1.4 Comparison of the Environmental Impacts of the Scenarios
41.4.1 - Raw Materigl Input Scenarios

Table 4.1.-20 shows the results of the calculatdons of the raw material input
scenarios for producing chemical and mechanical pulps, for waste paper processing
and for papermaking in terms of an averaged model paper based on the furnishes
documented in Table 4.1.-1. The figures are related t0 16.4 million air-dry tonnes of
raw material input for manuofacturing 14.4 million tonnes of paper. As the basic
fignres of curent situation and sceparic 1 are identical, there is no difference
between the epvironmental related characteristics such as epergy consumption, air
and water emissions and generated by-products.

Table 4.1.-20: Environmental Impacts of Current Situation and Scenarios of
Raw Material Input (Pulping and Papermaking)

Raw Materizi Input
Corrent Scepario 1 Sceparjo 2
Situation

INPUT !
| Energy i

Eisciricity fEN 68.1 68.] 86.3
Heating [PT) 42.4 43 429
Total fPI] 1103 Hos 109.1
OUTFUT

Afr Emicsions

Particies {1000 t} i0.1 i0.] 0.2
S0 : (100 1] 15.8 15.3 17.7
NOy 11000 § 219 219 20.8
C0 {fossil) (100 1] 15.510.0 15.510.0 13,2290
CO (hiogenstic) [1000 ¢} i0.681.0 10.631.0 8.398.0
Wmer Emissions

Voiume of Waste Water (M m?] 3172 3712 358.1
oD 110 ) 155.6 1556 1425
BOD f1000 1] 10.3 1.3 9.6
AQX [1082 1] 1.9 1.9 1.7
By-Producis
Electrical Engrey [F]] : 31 31 2.8
Thermal Enctey iy 13 13 L 25

Figutes relate tv 16.4 million air-dry tonnes of raw material consumption for 14.4 million
WhNes papet production in Germeny (19943
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Energy Consmnption

Fie, 4.1.-3 shows the woral energy consumgption (thermal and electrical energy) of
current situation and both sceparios. As the basic figures of the current situation and
scenarig I are identical, there is no difference in energy comnsumpiion. In scenario 2
the energy consumption is slightly lower than with the current situation and scenagio
1. This results from the highey waste paper utilization rate in scepanio 2 compared
with the current situation. In scenario 2, waste paper partly replaces chemical and

“mechanical pulps. Since waste paper processing is not as energy intensive as the

production of mechanical pulp, energy consumption is decreased.
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I Engrgy Consumation of Pulping and Papermaking —

Due to the reduced input of chemical and mechanical pulp and a higher proportion
of waste paper used, the amount of fosst) energy fuels used for energy generation is
hizher with scenario 2 comapared ta clirrent siviation and scenario 1.
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Ajr Emissions
The air emissions of current sitmation and both scenarios are displayed in Fig. 4.1.-4,

They are identcal for current sihration and scenaric 1. The air emissions are

correlated with emergy consumption. Therefore, air emissions of scepario 2 are
lower than with the curment situation.

Water Emissions

Fig. 4.1.-5 shows the water emissions of current situation and both scenarios. The
figures of current sitwation and scenario 1 are identical. In scenario 2 the ernissions
are five percent to ten percent lower than with the current situation because of the
higher waste paper utilization rate. Integrated waste paper processing causes less

O O OO

O O

waste water emissions than non-Integrated chemical pulping.
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By-Products

The amount of electrical and thermal energy produced as by-produocts In current
sitnation and scenario 2 are shown in Fig. 4.1.-6. Electrical energy 15 generated as a .

by-product by the sulfate pulping process. Thermal energy is generated as a by-
product in manufacturing of TMP. Due to the lower input of sulfate pulp with

scenario 2 compared to current situation and scenario 1 the production of electrical

energy is less in scenario 2 but more thermal energy is produced because of the
higher inpur rate of TMP. '

4.1.4.2  Scenarios of Utilization and Disposal of Waste Paper

Table 4.1.-21 shows the results of the calculations of the recycling and disposal of
wasle paper scenarios. The figures are related to 16.8 million air-dry tonnes
consumption of paper products in Germany (1994).

Tahie 4.1.-21; Environmental Impacts of Current Situation and Scenarios
of Utilization and Disposal of Waste Paper

Dtifization and Disposal of Waste Paper
Current | Sceparicl Scepario 2
Situation '
INFUT ;
Energy [PR 0 o 0
3
OUTPUT
Alr Entissiony .
Particles [ 10K 1] 0.2 0.3 0.3
50 100 o 0.02 0.6 003
NO, 1000 (] 1.7 3.9 2.4
CO- (fossibh (10001 & ] ]
O (hiagenetic) (1004} ¢] 2.374.0 49140 2.520.0
CH: (1) |- 2722 g [
Water Emissions
Volume of Waste Water M m*] - - -
Cop {1300 1) 54.4 { 15.1
BOD (1000 1) 54 q 15
ADX {1000 1] - . A
Bv-Products
Electricai Eneray [FI] 27 15.8 33
Thermal Enerav [FH] 3 11.3 B
Compaost [M ] { [ 0.4
Other Material M 0 [\ 0

Figures relare to 16.8 million air-deyv tonnes constmprion of paper products in Garmany (1994)
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Energy .Cﬂusumptiun

The energy demand of waste paper dispesal is not taken into account. Therefors, the
scenarios are not compared from this point of view.

Air Emissions

Fig. 4.1.-7 shows the air emissions of cwrent sitaton and both scenarics. The
emissions of fossil CO, are zero in all three compartments because the CO,
generated in landfilling or composting of waste paper is biogenetic and because no
encrgy demand, probably covered by fossil fuels, is considered.

In scenaric 1 the emissions of particles, NO,, SO, and biogenetic CO, are
significantly higher then in current simiation or scenario 2. This results from the
much higher volume of waste paper incinerated in scenario 1 (25 percent) compared
with current situation (7 percent) and scenario 2 (10 percent).

-
{ Py Ll by CEI Manid] 1=31 ] L] _]
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; 3 H 3 2 2
Seieac septtul fr Facksciataionion, Dt (90S]
B 0.7 Utlization and Dispesal of Wasta Paper .
Alr Emissions of Current Situation and Scenasios -

Emissions of CH, only occur in current simation because there is no waste paper
landfiiled in either scenario. -

Water Emissions

In Fig. 4.1.-8 waste water emissions of the scenarios of waste paper utilization and
disposal are illustrated.

The volume of waste water and AOX emissions are zero because these parameters
were not taken into account.
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COD and BOD loads are highest in current situation due to the high proportion of
non-recovered waste paper going to landfilling, These loads are zero in the case of
scenario 1 because there is no landfilling or composting of non-recovered waste
paper in this scenario,
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By-Products

Fig. 4.1.-9 shows the by-products generated. In scenario I the generation of thermal
gnergy a5 a by-product is about three times as high as in current situation and
scenario 2 due to the high rate of waste paper incineration in scenario . Thermal
energy is only generated in scenario 1 because in this scenario waste paper is also
burnt in industrial co-generation plants. The energy recovered from industrial
incineration, in total (1.7 million tonnes waste paper x 15 Gl/tonne x 0.85 efficiency

CHAPS. N2 02,97



178

=) 23 P, could cover twenty percent of the energy demand for pulp and paper
praduction, which amounts ta 110.5 P1 in seenario 1.

Compost is only produced in scenaric 2 because the proportions of waste paper
compostad are zero in current situation and scenario 1.

4.1.4.3  Scenarips of Utilization and Disposal of Waste Material

Table 4.1.-22 shows the results of the calculations of cufrent simation and both
scenarios with reference to utilization and disposal of waste material from paper
production. The figures shown are related to 2.0 million wer tonnes of waste

material in current sitwation and 2.8 million wet tonnes of waste material in
scenario 2, |

Table 4.1.-22: Environmental Impacts of Current Sitnation and both Scenarios
of Utilization and Disposal of Waste Material

9

O O

9,

Utilization and Disposal of Waste Material
Current Scenario 1 Seemario 2
Sitwation

INPUT

Energy 14} & 3 0

OUTPUT

Afr Emistions |

Particies {10000 | 0.01 0.01 0.02

S [1334 1 (.05 0.07 .11

N, (1000 1] {64 (.94 i.46

CO- {Hossly 11600 1] 4 & I\

Cy (biagaperic) [1000 1] 577.00 235.00 1.386.00

CHa (1000 1) 10.00 ] 0

)

| Warer Emissions

Volume of Waste Watey M m”) - - -
Cob 1000 1} 14.00 6.00 5.00
BOD 11000 ¢ 144 .80 .56
| ACK [1004 ¢ - - -
Bv-Products

Eiectnicsl Energv [F1] 1.60 2.40 364
Thermal Energv IPI] 1.80 2.70 4.10-
Compost 11000 1 .13 0.15 0.14
Other Materiah {1000 1] 50 850 | .30

Figures relate to 2.0 million wet tonnes waste materia] in cutrent simarion and scenario 1
and 2.8 million wet tonnes waste material in scenario 2
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No energy demand for waste material disposal and utilizadon was taken into

account,

Air Emissions

Fig. 4.1.-10 shows the air emissions of current situation and both scenarios of the

utilizatior and disposal of waste material from paper production.
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Emissions of particles, NO,, SO, and biogenetic €O, are stgnificantly higher in

scenarios 1 and 2 compared with curment Situation due to the increased proportion of
waste material incinerated.

Emissions of CH, only occur in current situation because no waste paper is
landfilled in either scenario.
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Fiz. 4.1.-11 shows the waste water emissions of the scenarios of waste paper

recycling and disposal.
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The volume of waste water and AOX emissions are zero because these parameters
WeTE not taken Into account,

The loads of COD and BOD are as twice as high with current stuation compared
with both seenarios becavse of the large proporiion of landfilled waste material,

By-Products

Fig. 4.1.-12 shows the by-products generated. The energy recovered by incinerating
waste material covers two percent of the energy demend of pulp and paper

production in curent situation, three percent in the case of scenaric 1 and four
percent in case of scenario 2.
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Furthermore, cornpost and raw materials for use in building material manufacturing

and other purposes is generated. The amount of these by-products is in the same
range in current sittation and both scenarios.

4.1.44 Combined Data

Table 4.1.-23 shows the combined data of the environmental impacts of currept
sitwation and both scenarios.

Table 4.1.-23: Combined Data of Current Situation and both Scenarios

LCombined Data
Cuorrent Scenario 3 Scenario 2
Situation

INPUT ner toane z.d. paser

Enerpy

Electriciny [PT{ 68.1 3.1 66.3
 Heating BN 424 431.4 429

Tatal IP] 15 110.3 109

QUTPUT per tonpe a.d. paper |

Air Emissions |

Particies (11630 1] 10.3 10.9 ]

504 (10001 18.0 19.3 17.8

NO, 110001 | 24.2 8.8 74.8
| COn flomsil) 1000 | 153100 15.510.0 15.220.0)

CO» (higoenetic) Nogo 13.732.4 16.530.0 13.304.0

CH, 10001 282.0 { 0

Water Emissions

Volume of Waste Water {Mm? 3772 377.2 338.1

CoD 11800 1) 22440 161.6 163.2

ROD (1000 1] 17.1 10.9 11.7
ADX (1600 1 [ 1.9 1.7

By-Products

Electrical Eneray i) 7.4 21.3 10,2
Thermal Enerey [PT] 3.1 15.3 6.6
Compost (wet) (10004 0.2 0.2 n.5
Other Material fwer) [ogoed | 05 | 0.5 | 0.7
a.d.: air-dry

Energy Consumption

Fig. 4.1.-13 illusrates the total energy consumption (thermal and electrical energy)
of current sttuation and both scenarios. Since the energy consumption of disposal,
composting and wutilization of waste paper and waste material was not taken into
account due 1o the very low impact the combined energy consumption is identical

CHARS DOCH2.00.97
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with the raw material input sceparios (representing the energy demand of pulping

and papermaking),

Air Emissions

The combined figures of air emissions are shown in Fig, 4.1.-14, With exception of
fossil CO, and CH, the emissions are highest in scenario 1. This results mainly from
the high rate of waste paper incinerated which does not affect the emissions of fossi}
C0O,. Emissions of CH, only occur with current situation becanse there is no
landfilling of waste paper or waste material in either scenario.
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Water Emissions

Fig. 4.1.-13 illustrates the combined data of water emissions in current situztion and
both scenarios. Since the volume of waste water and loads of AOX were

quantifiable only {or pulping and papermaking these figures are idemical with the
comesponding figures of the raw material input scenarios.

COD and BOD loads are highest with current sitvation. This is mainly determined
by the high rates of waste paper and waste matedal geing 10 landfilling or
composting. The largest proportions of COD and BOD loads are determined by
pulping and papermaking (70 percent in current simation, 96 percent in scenario 1
and 87 percent in scenario 2). Waste paper disposal has an inflaence on these loads

of 24 percent in current sitvaton, none at all in scenario 1 (no waste paper duroped
or composted) and 9 percent in scenario 2.
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By-Products

Fig. 4.1.-16 shows the by-products generated. Due to the proportion of waste paper
incinerated, the amount of generated electrical and thermal energy is significantly
higher in scenario 1 compared with current simation and scenario 2. The total
generated energy amounts to 36.6 PJ with scenario 1 which covers one third of the
energy copsumed by pulping and papermaking {10 percent with current situation
and 15 percent with scenario 2). As far as the energy is generated by waste paper or
waste material incineration (90 percent of the total energy senerated with scenario

1), it might replace fossil energy fuels and so reduce emissions of fossil CO, by one
third.
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The output of compost s three times higher with scenario 2 becanse of the increased

proportion of waste paper going to composting.
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4.2 Impacts on Paper Quality

4.2.1 Effect of Recycling on Fiber Age Distribution
: and Characteristics of Paper containing Recycled Fibers
4.2.1.1  Fiber Age Distribution

The higher the waste paper utilization rate, the higher 15 statistically the number of
times fibers have been recycled and the greater is the probability that mechanical,
optical and further paper characteristics have deteriorated. Considering this, it
makes sense to caiculate fiber dismibution by weight according to the age of fiber
generarions present in pulps and paper containing recycied fibers, Paper made of
recvcled fibers can contain fibers of different generations (different number of
cycles) depending on the waste paper grade(s) used. Because it 1s quire impossible
to analyse the age of fiber generarfons (in terms of the number of passes through

recycling loops) by any test method one is forced 10 make reference to mathematicat
evaluations.

Simpiified Global Model

The most sirmplified model based on the single, most important parameter 'waste
paper utilization rawe ¢' is shown in Fig. 4.2.-1. Iy is assumed that all paper grades
praduced globally are made of the identical furnish in respect of Its proportion (7-a)
of virgin fibers and the propertion a of recveled fibers. The globally manufactured
paper volume and the volume of consumed paper products, respectively, are then
separated in the proportion ¢ for collection and reuse and (f-a) as waste paper for
disposal. In this simplified model. the propordion of disposed waste paper is
identical with the propertion of virgin fibers used for paper manufacniring because
no losses of fiber material 15 taken into account which means a yield of 100 percent.

Waste Paper
Disposal

o

]

IW.P. ngsslngj

N

Assumptions:
= identical W.P. [fle=tion Rate
of all Paper Grades produced Globally
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Fig. 422 illustrates the mathematical procedure for the calculation of the
distribution of the fiber generations as well as the average number of cycles of fiber
of the total furnish for paper manufacturing. For mathematical reasons the
parameter 'waste paper utilization rate ' is defined in relative terms as a fracton
and not as generally as percentage. Therefore 50 percent wtilization rate is identical
with a = 0.5 and Gy, can be expressed as fraction or as a percentage.

Age Disiribution of Fihers (by Waighty

Tl Pulp = Yingin Pulp + Recyciad Pulp
hare of Recyeied Pulp & Waste Paper UtTzation Rats
a2 ='Wasta Paper Lititzation Rate

1-2 = Pmportion e Virgln Pulp {3

B = Total Puip

Gig= G+ Gyt Gg 4o Gpen 1.0 (100 %)

Fo =1

Gy =a.{1-a @, = Propoction af Recvcied Fisam ot
Gy = &0 the it Genaration

G = a™{1-a)

Average Number 3 of Fiber Generstions

o
a
E rEn nG = 148
S Iz i Pateeriatriasion, Dwrmtach {1554}
Simplified Global Model

Fg 42| Aga Disrinition ot Recycied Floars fry Waighty 1005
1 Average Number of Fher Genarations of Towl Pup
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The twtal number of fiber generations of the furnish plotted versus waste paper
uiilization rate is presented in Fig, 4.2.-3. (Only the YOUNger generations
coniributing t0 99 percent of the furnish are included.) Up to a rate of about 50
percent the gradient of the exponential curve is rather small followed by a

significant increase of the slope above 50 percent. At that rate of 50 percent, seven
fiber generations are present.
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The corresponding trend becomes evident with respect to the average number of
cycles {generations) versus waste paper utiiization rate (Fig. 4.2 -4). The number 0
stands for a fumnish which only contains virgin fibers. At a waste paper utilization
rate of 50 percent this average aumber of fiber generations is ¢xactly I, whereas the
total number of generations amounts, as mentioned, to seven including the
generation Gg in terms of virgin fibers conwibuting to 99 percent of the furnish.
Increasing the waste paper utiization rate to z = 0.66 (66 % waste paper utilization
rate) the average number of generations doubles to two. At the waste paper
ntilization rate of @ = 1 = 100 percent not only the total number of fiber generations
becomes infiniie but also the average number of cvcles. Because wood fibers cannot
keep thelr lengih and fiber-to-fiber bonding strength infinite times a glebal recycling
al ¢ = | = 100 percent is absolutely unrealistic.

| Average Numbar G of Fiber Generations of Total Pulp
10— ‘—'.l

o oz 04 [+E3 o3 1.0
Seorses rpnu Hlr Pepiltaocicrion, Dt [1R0E) W P 2

Averags Mumber of Fiber Generations of Tota Puipfor | P
L 4L
Py 424 Papet containing Recycsd Fibars I 1,995

I | ol

Fig. 4.2.-3 shows the results of that siinplified global model with reference to the
average and the total number of fiber generations and distributon of fiber
generatons by weight.- The basis of that assessment is the global waste paper
utitzation tate of the past and the year 2000 forecast of 42 percent. It can be

concluded that the average number of fiber generations increases insignificanty
hetween 1990 and 2000 from 0.5 10 0.7,

In reality the average number of fiber generations of a pulp or 2 paper containing a
higher proportion of recycled fibers than assnomed according to Fig. 4.2.-3 can
increase considerably. Therefore, it is necessary to calculate the average number of
fiber generations with reference o the conditions of a specific paper produced.
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On the right hand side of the figure the weight distribution of fiber generations and
the wtal pumber of fiber gensrations are shown. Due o the growing waste paper
rate the proportion of virgin fibers decreases from 70 percent to 58 percent and the
proportion of the recycled fibers increases from 30 percent to 42 percent whereas

the otal number of fiber generations only slightly increases from four (1980) to five
(1990} and then six in the year 2000.
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With respect to an estimation of mechanical properties of pulp and paper containing
recveled fibers, it makes sense (o evalvare, for example. the proportion of the puip
which conwins, besides virgin fibers, the generations of recycled fibers which have
passad through the recycling svstem not more than twice. In 1980 the proporiion of
these three generations mentioned totalled 97 percent and in the year 2000 the
corresponding figure will amount to 93 percent. In the latter case (theoretically} not
more than seven percent of the globally averaged pulp furnish or paper will contain
recvcled fibers which are older than two generations. Assuming thar older
generations contain a higher proportion of fines, it might be expected that the
sludges removed in waste paper processing will mainly contain fibers and fines of
the muliiple-treated proportion of recycled fibers. (For the benefit of recycling and
the consolidation of paper characteristics, it would be ideal if, with each recycling
loop. the oldest generation(s) of recycled fibers (and fillers/pigments) could be
removed by waste paper processing.)

Mnulti-Parameter Model with Reference to Newsprint in Germany

The nexs siep of modelling approaches the reality of waste paper recycling in many
counties taking paper imports with their different wasie paper content into account,
depending on individual paper grades and their origin by couniry and specific paper
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mulls. For 2 better understanding of the rather complicated mode] with its large
nurnber of parameters reference is made to German conditions of the year 1991 and
to the production of newsprint with iis waste paper content of 70 percent at that time
(State 1). Furthermore, calculations are conducted with a waste paper utilization rate
of @ = 1 = 100 percent of German newsprint (State 2). At least as imporiant are
further factors which affect the average age and the age distribution of the recycled
fiber generations present in German newsprint. These factors are as follows:

» Cormposition of waste paper processed (e.g. proportions of news, magazines etc)

+ Origin of waste paper components (by country or region where original papers
had been produced)

v Compositon of Dﬁginal paper {e.g. content 6f mechanical and chemieals pulps).

Tig, 4.2.-6 shows the imports ang exports of paper as well as of wasie paper of
Germany in 1994. These material inputs and outpuss affect the average number and

the distribution of the fiber generations of any paper produced in Germany with
recycled fibers,
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About 40 percent of the domestic paper production Is exported mainly into other EU
states, and, to a smaller extent, to overseas countries as well as 10 Austria and
Switzerland. (The East Enropean market broke down.) On the other hand, almost
half of the German paper consumption must be imported, mainly from Northemn
Lurope and oiher EXU states, 1o a lesser exient from overseas, Furthetmore, there is
an international trade of waste paper, Germany exports almost 25 percent of its
recovered waste paper mainly in terms of lower grades such as mixed waste and
department store waste, whereas fmports are predominantly superior grades. Imports

and exports of paper as well as of waste paper affect the age distribution of recycled
fibers of any paper grade containing processed waste paner,

What does the pulp furnish of German newsprint look like? The waste paper mix for

newsprint consists roughly of 50 percent news and 30 percent magazines (SC- and.

LWC-papers). So far, domestic as well as imported magazine papers are made of
{almost) 100 percent virgin components (pulps and fillers/pigmens). News printed
on domestic newsprint contained 70 percent recycled fibers, whereas news printed
on imported pewsprint include on average omiy 20 percent recveled fibers. The
flows of domestic and imported newsprint as well as of domestic and imporied
magazine papers which become components of waste paper for DIP are shown in
Fig. 4.2.-7. The eight parameters on which the Muld-Parameter Model is based, are

explained in Fig. 4.2.-8. This model does not take losses in waste paper processing
or glsewhere into account.

. ] o= I} . H Wlp.‘ i
“ -; Ii T, -“ |
YRR =

Wirgin

Pl T, P Scon Paper Export
Saurm VOP, Boon (108 W Third Ceciiring Blag, Pap. = Migunne Pacer
Fig 42.7 | Elaht Paramoter Model: Caleulation ot Age Distribution o i
b FAesycled Fitvers and Recyciad FllersFigmant: 1285

The distribution of recycled fiber generatons in 1991 with the main parameter aj
= (.70 (which is equivalent to a waste paper utilization rate of 70 percent at that
1ime) is shown in Fig. 4.2.-9. On the same figure the results of a further caleulation
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is presented {State 2: 2000), refefring to a waste paper utilization rate of 100 percent
{a1 = 1.0). This scenario already reflects the current situadon in Germany. On the
other hand it is assumed that the waste paper utilization rate a, of impoited
newsprint increased from 20 percent (1991) to 50 percent (2000} wheress magazine
papers produced at hore are based on 50 percent waste paper in 2000 (a3).

[Cxampier HETREn Hewsping

al =W.P, Utlik=tion Rata of German
Mewsprint

&2 = W.P. Utilization Rate of Imparted
Mewsprint

a3 = WP, Ulilization Rate of German
Magazine Papers [SC | LWG

a4 = W.P. Utilzatlon Rate of Imported
Magazine Papers (SC f LWC)

Bt = Proporion of Mews in Gemean
Wasta Paper for DiP

&2 = Proponion of News tn Faraign
Waste Paper for DIP

o1 = Proportion of Imported Newspring
of the Mews in German Wasts
Paper far DIP

¢2 = Proportiion of imported Magarine

Fapers of the Magazines In
German Waste Paper for OP

VPG 31 =2 G e =] =]

Sealu brmtinyg M PRCHrktTn, CHPTTT 1 St VF = Vi P Source: B, DeTwcs (1) Pl Ganarstions

Eight Parametar Model i 2o irioumon of Totsl Puip o Getman | 159
™42 ] Definition of Perameters \ 18 | el Nemwzpret 1895
e (ERgft Parametar Modell v

The resulis of swate 1 are surprising becausz the total nomber of recycled fiber
generations is rather low (three generations) in the year 1991 and will not be more
than six generations by 2000. {All eeneratons which contribuie less than one
percent 1o the newsprint produced are not taken into account that is, those older than
six generarions.) In both cases the dominating proportion of recycled fibers is
compaosed of the youngest recvcled generation G. The other figure of concemn is

the average number of fiber generations which is almost one in 1991 and not more
than 2.1 for the scenario 2000.

Fig. 42-9 gives further information. The coilumns documenting the frequency of
the recyeled fiber generadons are divided into two parts according 1o the origin of
the fibers, namely into imported and domestic fibers. Imported fibers are identfied
as such despite the fact that they pass through the German recycling system several
times after the comesponding imported newsprint 0r magazine paper becomes waste
paper. The different characteristics of imported and domestic fibers, such as
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umported TMP and domestic SGW, make it worthwhile to keep them separate in
modelling. '

Modified Multi-Parameter Model with Reference to German Newsprint

The modified Mulu-Pararneter Model takes the vield of the different waste paper
components such as chemical pulp, mechanical pulp and fillers/pigments in waste
paper processing into account. According to Fig. 4.2.-10 the composition of paper to
be produced with its three stock components DF. Dz and Dy contains the thres
comesponding virgin components Cp, Cz and Cyy as well as the three reeycled
compeonents By, By and By of the deinked pulp. The overafl yield Y, of the
waste paper processing is affected by the individual yields YF, Yz and Yy of the
three recycled components. [t is assurned that the vields of these components are as
follows: fillers = 60 percent; mechanical pulp = 90 percent; chemical pulp = 95
percent. According to the composition of the newsprint concerned these individual

vields result in a total yield of 83 percent which is in agreement with the real
situation of waste paper processing (twao-stage flotaton).

Because the yield is lower than 100 percent, the waste paper wtilization rate is not
identical with the real waste paper content of the total pulp and the newsprint
produced. This means that the real waste paper content is 15 percent lower than the

statistical waste paper utifization rate, which becomes indirectly evident in the
legend of Fig. 4.2.-10. |
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The different parameters of the modified Fight Parameter Model are explained in
Fig. 4.2.-11

The results of the refined, realitv-oriented calculations are shown in Fig. 4.2.-12 and
Fig. £.2.-13. Now. we are in a position to specify separately the age distribution of
the three siock components, such as fillers/pigments, chemical pulp and mechanical
pulp.
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We start with the age distribution of fillers and pigment in Fig. 4.2.-12 referring to
newsprint and its forecast waste paper utilization rate of a1 = 108 percent in the year
2000 {which was already achieved in Germany in 1994). First of all, one must be
aware that, because the filler content of the newsgprint to be produced is in the range
of ten percent, there is no need for the application of any additional virgin fillers,
which means that the zero-generation Gy amounts to zero percent. This depends on
the fact that the highly filled SC-paper fraction and the coated LWC-paper fraction
of magazine papers present in the waste paper mix introduce a sufficient amount of
fillers and pigments into the final newsprint stock.

It can be easily seen that only four recycled filler/pigment generations are present in
the newsprint stock and the newsprint produced. The youngest recveled filler
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generaton (G contributes to the largest amount, whereas the fourth generation Ga is
only marginal. The average number of cycles of fillers and pigments is not more
than 1.6. However, one should bear in mind that particularly recycled fillers and
pigments are acting as carriers of residual printing particles which will accumulate
in the course of each recyeling loop because of imperfect deinkability, Such residuat
inks Wil affect the brightness of the paper depending on the number of generations
of fillers and pigments present in paper based on recycled fibers,

The age distibution of chemical pulp comprises six generations. Because of a high
chemical pulp coment of 8C- and LW -papers as components of the waste paper
mix used, it i5 common to manufacture newsprint without any addition of virgin
chemecal pulp. Therefore, the zero-generation Gq is equivalent to zero percent. The
average number of generations is 2.0. The chemical pulp content 'imported’ via
imported newsprint, SC- and LWC-papers is larger than that which has been used in
meanufactaring SC- and LWC-paper in Germany.

Fig. 4.2.-13 refers o the age distribution of recycled mechanical pulp fibers. In this
case the mass disuibution is quite different compared with recycled fillers and
recycled chemical pulp becanse of the addition of a certain amount (12 percent) of
virgin mechanical pulp. Bearing in mind that the vield is lower than 100 percent,
there is a need for the addition of 12 percent virgin mechanical pulp based on the
total amount of mechanical pulp of the furnish. This freshening up of the

mechamcal pulp composition of the newsprint furnish results in 2 lowering of the
average number of pulp cycles (G = 1.7).

The lower part of Fig. 4.2.-13 summarizes the age distribution of the three furnish
components of the newsprint concerned. The virgin component with irs eight
percent is only mechanical pulp. The total number of recycled components does not
exceed five geperations. As expected, with all the five recycled generations
mechanical pulp is dominant, Finally, the average number of puip generations
resuits in 1.8 which is surprisingly small even though the waste paper utilization rate
of the mewsprint discussed is 108 percent. This underlines the significance of
imported paper as potential waste paper with its lower recycled fiber content
compared with the recycled fiber content of the newsprint concerned.
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Fig 4.2-14

How does a realistic yield of 85 percent affect the number of recycled fiber
generaions in comparison to the comesponding Multi-Parameter Model, based on a
yvield of 100 percent? The results of these calcuiations are shown in Fie. 42.-14 with
reference to German newsprint. produced in the year 2000 with a waste paper
wiilization rate of 108 percent. Taking a pulp yield smaller than 100 percent into
account. the {otal number of recycied fiber generations is reduced from six o five,
whereas the proportion of virgin pulp (mechanical pulp) is increased from zero
percent to eight percent. Due 10 the loss of fibers and fillers by screening, cleaning
and deinking the Modified Eight Parameter Model results in an average number of
1.8 geperaucns. which seems 10 be rather small, despite the fact that the waste paper
utihization rate has been established as high as 108 percent.

4.2.1.2  Physical Characteristics of Paper Containing Recycled Fibers

Apart from economic conditions. the quality profile of recycled fibers and of paper
made from them affects the level of utilization of waste paper. Most important are
swength and optical properties. Strength properties depend mainly on the average
fiver length and on the fiber-to-fiber bonding, which is influenced by hornification
as a result of drying in previous papermaking. Average fiber length and fiber length
distmbynion are affecied by mechanical pulp treatment, particularly by beating and to
a lesser extent by deflaking or even by calendering. The homified fines generated by
cutting effects hardly contribute to fiber-to-fiber bonding, Elimination of fines of
recycled fibers, besides de-ashing (= controlled removal of fillers/pigments which
impair mechanical properties of paper sheets), can thus be rated as an upgrading
INEASUTE.

CHAP4_1.DOCH 30297




196

So far, no effective wechnology is available to improve the bondability without any

reduction of the fiber length. An exception Is high-consistency beating or refining in -

an alkaline environment. However, these processes are not yet widely used because
of certain disadvantages: an alkaline regime conrributes t¢ an increase of the COD
of white water and of waste water and to yellowing of wood-contzirdng sheets.
According to current knowledge, enzymes used in waste paper processing do not
conptribute to an improvement of strength and optical propertes of recycled fibers,
They tend to decrease Schopper-Riegler wetness (or increase Canadian Standard

Freeness) which is advantageous in the drainage of paper webs on the paper
Tnachine, '

Recveling or drying of natural fibers results in differing effects depending on the
type of fibers. Fig. 4.2.-15 and Fig. 4.2.-16 prove that multiple recycling, simulated
on lab scale by disintegration, refining (only in the first cycle), sheet formation, wet
pressing and drying, does not influence water retention value of fibers and tensile
strength of mechanical pulp. On the other hand chemical wood fibers deterorate
during recycling by reducing swelling (water retention value) of fibers and tensile
strength of the sheet made of recycled fibers. Obviously, high-vield pulp is more
resistant against rigors of recycling whereas chemical pulp, with its higher starting
peiat of smength characteristics, suffers significantly, pardcularly during the first
cycle. One has to be aware that deterforation of swength properties of chemical
pulps already occurs with market pulps compared with undried pulps converted o
paper 1 integrated mills. The different rends of strength properties of mechanical

and chemical pulps after multiple recycling on lab scale were confirmed by
rescarchers in Europe as well as in North America.
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Upscaling multiple recycling trials on pilos plant scale {Fig, 4.2.-17 and Fig. 42 18!
have been recently conducted by the Department of Paper Science and Technology
at Darmstadt. based on a model paper consisting of

+ 44 percent mechanical pulp (spruce stone groundwood)
» 44 percent chemical pulp (bleached pine sulfate pulp)

» 12 percent fillers (China clay).

CHAP4_2 DOC3.02.97




198

The same fibers passed the total cycle of papermaking, supercalendering, printing

and stock preparation (disintegration, deinking) six times aiming at 4 minimal loss
of material.

After a gentle beating of the chemical pulp component {only prior o the first eycle)
paper was manufactured on a Fourdrinier pilot machine (0.6 m wim) followed by
rewinding, supercalendering to approximately the same roughness and printing on

an offset press (black ink, coverage of 60 percent om one side). The non-aged -

printed paper was then deinked by an one-siage injector aerated flotation without
employing any dispersion or post-flotation, This cycle was repeated five times
without any additon of virgin fibers. Small portions of lost fillers (because of
flotation losses and a retention less than 100 percent) were added after each cycle to

keep the ash content constant at twelve percent. Some of the findings are shown in
the Fig. 4.2.-19 to Fig. 4.2.-23,

» The average fiber length (measured with 2 Kajaani tester) is kept constant which
indicates that the retention of short fibers and fines was excellent (Fie. 4.2.-19).

» The classification by a Bauer McNent classifier indicates that the proportions of
long fibers (R14 + R30), short fibers (R50 + R100Y, fines and fillers (D100) are
kept constant cycle by cycle (Fig. 4.2 .20,

+ Apparent density of the uncalendered paper sheets slightly increased with the
number of cycles and that of the supercalendered sheets decreased slightly (Fig.

4.2.-21). In e case of calendered paper deviations can be seen at the third and
fourth cycles. '

» Breaking length of the paper sheet was not impaired by multiple recycling (either
in machine direction or in cross direction of the paper sheet) despite the fact that
no virgin fibers were added berween any cycle and that the pulp was not
activated by any beating after the first cycle GO (Fig. 4.2.-22),

» Brightness and luminance dropped significanily after the first cycle of printed
paper, whereas the following cycles affect these optical characteristics only to a
smaller extent (Fig. 4.2.-23), Considering these findings, one rmust bear in mind
that the pilot plant trials discussed did not comprise any dispersicn (nor any
disperser bleaching) and any post-flotation, which are both bepeficial for the
control of optical characteristics.
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» Printability in terms of coverage, optical density, motiling or the resolution of
the printed line pattern was not affected by the increasing number of cyceles. Due

to miror linting the washing intervals became slightly shorter with the i mcreasmg
number of cycles,

In conclusion, the findings of these pilot plant trials make evident thar fibers are
more resistant against multiple recycling than expected even by experts. Taking into
accomnt that the average number of cycles fibers pass the recycling system in the
case of German newsprint manufacturing (based on 108 percent waste paper) is not
more than two, one must not be afraid of that what is called 'recycling fatigue’, _
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422 Effect of Additives for Papermaking, of Printing Inks and Adhesives in
Paper Conversion on the Recyclability of Waste Paper

Additives for Papermaking

The use of inorganic chemicals and organic additves is indispensible for
environmentally compatible manufacturing of paper and board as well as for the
demanding functions of the various paper grades to be converted, printed and
consumed. Apart from fillers and pigments (14 percent by weight refated to paper
production), on average about four percent of chemicals and organic additives are
used in the German paper industry, Native and modified starch is the most
prominent additve, followed by cthers such as, for example, retention or deinking
agents. Chemicals and additives must be neither human-toxic nor eco-toxic, which
means Ml the presence of tomic heavy metals of persistent organochicrinated
compounds must be avoided or their content must be, at least, negligible, even when
analysed with test methods of very low detection limits {¢.g. by atomic absorption

spectrometry or gas chromatography). Further requirements refer to the following
fearures:

* Organic additives must be biodegradable {in effluent treatment)
» Qrganic additives must be compostible  (in composting of waste)
» Organic additives must be recyclable  (in papermaking).

By far most of the additives applied in papermaking fulfil these requirememis with
the exception of raditional chelating agenis (EDTA. DTPA) or optical brighteners
which are not bicdegradable. In addition. wet-strength additives such as
epichlorhydrine based compounds contain chlerine atoms which contribute to a
certain AQX content of paper and paper mil! effluents o be treated biologically.
Pemtachlorophenols should not be used as slimicides at all and should be

funthermore not present as a contaminaton of any other organic additive used in
papermaking and paper conversiof.

Nearly all chemical additives used in papcnn&king are environmentally compatible,
with the exception of the very few additives mentioned above, which should be -
modified or substituted by environmentally sound substances as soon as possible.
However, in some cases, requirements of recyclability are detrimental to the
functions which certain paper grades and paper products must fulfil. This is the
case, with respect to wet-strength paper, which must resist water and which s
therefore more resistant against disintegration in waste paper processing. Regarding
optical brighteners, which are not biodegradable, one must bear in mind tha; they
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can be decomposad abiotically by UV light and UV containing [ight. In the case of
the waditicnal, bot very effective chelating agents, which zre essemtial in peroxide
bleaching (particularly in virgin pulp bleaching), a new generation Is under
development. being biodegradable, but they are less effective as far as the unwanted
decomposition of peroxide by heavy metals, present in fresh water, pulpwood and in
consequence in recycled fibers, is concemed. In general, chemicals and organic
additves used in papermaking do not affect the recyclability of waste paper.

Printing Inks .

Printing inks constitute of pigments. vehicles, additives and in the case of
rotogravure inks of an organic solvent (toluene). In the past two decades pigments
of printing inks have been significantly improved with respect to their reduced
heavy metal content. The dominant pigment is carbon black, which does not cause
any environmental problems. Blue pigments contain 2 certain, but non-critical
amount of copper. A substitute of traditiopal blue pigment has recently been
devgloped. Because of its high price, being more costly than current blue pigments
and because of its inferior printabilicy, it is not yet accepted by ink manufacturers
and printers. On the other hand, vellow pigments of the diarylazo type are chlore
substitatants and might be considered 10 be hazardows, However, according 1o very
careful investigations, recently carried out by pigment manufacturers, they are not
biodegradable either in an aergbie or in an anaerobic environment. This means that
they do not contribute to any environmenta! poflution, not even in the long-term,

The organic solvent wivene of rowgravure prnting inks is from tme o tme
discussed because of an assumed possible mutagenicity effect. That is the reason
“why printing ink manuvfacturers have made progress in developing water-based
rotogravure inks, which, however, do not yet fulfil all printability requirements. The
recyclability of toluene-based printing inks does not cause problems, whereas offset
prining inks with their mineral oil-based vehicle Impair recyclability in terms of
deinkability with ageing, which means the period of time between printing and
processing of waste paper in the paper industry, Currently, natural ink vehicles such
as soya bean oil or rape o1l are discussed in Europe as a substitute for mineral oils,
However, it became evident that offset printing inks based on such natura] vehicles
are gven more difficult to be deinked than mineral oil based vehicles.

From the point of view of the paper industry, the deinkability of any printing ink
must be further improved for the benefit of the optical characteristics of deinked
pulp (Erighmess, luminance, colour shade, freedom of specks) processed at a high
vield and for a reduced volume of deinking sludge.
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In previous years European newsprint manufacturers processing waste paper for
deinked puip by the flotation process became aware that a new type of printing ink
might cause severe problems in respect to recyclability in terms of deinkability. This
refers 1o water-based flexo inks substinming mineral oil-based offset inks. Because
of their hydrophilic nature and their very small particle size they are extremely
difficult to be deinked by flotation leading o a very poor brighmess of the deinked
pulp. The alternative to flotation is washing. By washing flexo ink particles can be
removed effectively. However, in the case of waste paper with a higher content of
fillers and pigments, a good deinkability is then accompanied by a significant loss of
these small mineral particles which results in a low pulp yield. This also produces a
high sludge volume. which is costly to disposed of. Considering these handicaps
there is a need for flexo inks which are resistant against mechanical and chemical
forces in deinking in order w achieve larger particles size which can then be
effectively flotated, avoiding a poor yield of the deinked puip.

Adhesives in Paper Conversion

The real cﬁallenge: with reference to materials applied in paper conversion including
printing comes from adhesives because they. cause problems in paper
manufacturing, based on recycied fibers, when they enter the paper machine and
succeeding processes (2.2, ooating machine). In waste paper processing adhesives as
well as binders of coating lavers applied in previous papermaking and paper
conversion are broken up in small particles which contaminate the pulp slurry.
These adhesive particles, called snckies, can stick to wires, felts or heated cylinders
in the paper machine, generating brezks of the paper web, which affect runabilicy
and efficiency of the paper machine or coating machine.

The problem to be solved is characterized by the saying: ‘how can one prepare an
omelett without breaking eges’. Adhesives must fulfil vadous functions (e.g.
pressure-sensitive adhesives of labels or envelnpés, glueing of beook backs or
corTugaied comtainers) which are based om thelr steky namte, whereas in
manufacturing of paper made of recycled fibers they should have lost this
behaviour. The mannfactrers of adhesives are aware of the demands of the waste
papet processing industry and are currently involved in research wark to control the
problems identified in waste paper processing.

In waste paper, adhesives should not be water-soluble in order to avoid an increase

.of the COD (chemical oxygen demand) load of white water and waste water to be

treated. Furthermore, adhesives should not become collodially dispersed, because
this state would prevent their elimination in waste paper processing by screening

CHADPS_2.DOCH 30297



204

andfor cleaning, In the case of 100 intensively dispersed adhesives there might be 2
risk of re-agglomeration, affected by changes of temperature or pH in various stages
of waste paper processing and by additives present in the pulp slurry.

The best solution for sticky prevention is 1o keep them in a certain particle size of
several hundred microns, This ensures their elimination by fine screening and fine
cleaning. The first step for the removal of stickies in waste paper processing is to
ensure that the disintegration of the waste paper concerned in high-consistency
pulpers or rotating drums is gentle encugh to produce large pieces of adhesives and
paper flakes. Such pieces and flakes can then be easily eliminated in the beginning
of wasiz paper processing plants generating a reject component with no

environmental effect,
General Requirements

For the waste paper utilized either in papém:aking as a raw material or as a fuel for
energy recovery requires the original paper to be clean (Fig. 4.2.-24),

Waste Paper VWaste Paper
as Clean Baw Material as Claan Fusl

reguiras

v
\ Clean Papar Pm:iu;::ts \

|

require
!

Clean Technologies
in Papemaking and Convarting/Printing

|

- Taquhﬁ \
Claan Cloan -
Adhssives Minerals wgmln
Printing inks Acldhtives
Papar Cortversion| | Papermaking Fapermaking

Bourre: byt K Papssriabricortien], Garmgsud (1995]
“l Requirements in w
Fg 4.2

Papermaking and Paper Conversion | oo

* Cleanliness of paper products must be ensured by clean technology inciuding
environmentally compatible chemicals and chemical adhesives  (in
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papermaking), clean printing inks and adhesives (in printing and paper
conversion).

« This requires at the same time the utilization of clean primary raw materjals in
termns of pulps and mineyals (fillers and pigments).

It is the responsibility of the pulp- and papermakers to work in close cooperation
with the chemical industy and manufacturers of printing inks or adhesives as well
as with the suppliers of minerals, in grder to achieve these challenging targets. In
previous years significant progress was made characterized, for example, by
chlorine free pulp bleaching, ban of organochlorinated additves (eg.
pentachlorophenols) in many but not all countries, avoidance of printing inks with
toxic heavy metals, or development of wet-strength agents with a sifll lower AOX
contenf. Further research work must concentrate on adhesives in order to avoid the
formation of stickies, on AOX-free additives and printing inks and biodegradable
organic additives use in papermaking as well as in paper conversion and printng.

4.3 Economic Impacts

4.3.1 Acceptance of the Market Place with Respect o Paper Products
based on Recycled Fibers

The acceptance of the different grades of paper and board made of recycied fibers,
either partially or fotally, cannot be measured or assessed in guantitative terms.
Furthermore, acceptance of paper and board. made of recveled fibers, can be
evalnated from the possibly differing points of view of private end-consamers or

instimtional consumers, such as indusyy and trade e.g. with respect to distributon
of packed consumer goods.

In general, German consumers are highly recycling-minded and give therefore a
preference to paper products based on recycled fibers, partly affected by the price of
products and partly influenced by marketing issues or by the permanent 'education’
via the media and green movements, the latter characterized by 2 high credibility.
The following comments refer to the acceptance of various grades of paper which
also stand for the corresponding products on the market place:

» Packaging paper and board which have been manufactured almost totally from
recycled fibers for many decades in Germany, have achieved a very high and

lasting degree of acceptance. To end-consurmers it does not mater if, for
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example, corrugated containers or folding boxes are made of paper or board
totally based on recycled fibers as long as the ne.ce:s'sa.ry requirements (packaging
function and printed information} are fulfilled. Because end-consumers are
consumers on the one hand and ‘preducers’ of waste paper as raw material for the
paper industry on the other hand, they expect and assume that their used
packaging material will be accepied by the recycling system.

Sanitary papers made of recycled fibers are characterized by a further increasing
acceptance, stimulated by the fact that due © permenently iraproved waste paper
processing the quality of such sanitary papers is continucusly improved in terms
of optical characteristics (brightness, cleanliness, colour shade), softness and
apsoroancy, Even when certain bygienic products made of recycled fibers are
mere expensive than products containing virgin fibers, end-consumers give

increasingly preference to the product percsived as more environmentatly-
friendly.

The acceptance issue in respé_:cr to graphic papers 1s more complicated than with
packaging paper and board or sanitary papers.

Newsprnt made of recycled fibers is well-received by the end-consumers, who
are generally aware of the fiber furnish used for manufacturing such recycled
newsprint in Germany. Thanks to the sophisticated waste paper processing (e.g.
two-stage fliotation and dispersion}, the good rumability and optical performance
of newsprint made of recycled fibers have convinced the printers to make use of
this type of newsprint.

Wood-containing printing and writing papers made of recycled fibers, called
recycled graphic paper (Recyclingpapier), compete with printing and writing
papers based on virgin fibers. Apart from economic and marketing issues, the
acceptance of recycled graphic papers is also affected by emotions. Furthermmore,
governmental organizations of various Federal States recommend ihe utilization
of recycled printing and writing papers (e.g. as copy paper or computer
prinionts). As far as such recycled papers are concerned. one must bear in mind

that their volume is not more than five percent of the total volume of -graphic
papers.

The manufacturers of SC- and LWC-papers are prepared to use increasing
proportions of recycled fibers. As long as prntability is not impaired, the
instititional consumers and the end-consumers do not mind if magazines of
catalogues contain an increasing proportion of recycled fibers. However, the
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acceptance issue is not yet relevant with respect to these paper grades becanse
the mannfacturers have not started any stmulating campaigns.

— A certain segment of the market of woodfree papers requires the ntilization of
recycled fibers, Therefore, even manufacturers of woodfree (coated and
uncoated) graphic papers offer a small volume of their production to the market
place becanse of an increasing acceptance of paper grades with z certain
proportion of recycled fibers.

» Because of the heterogeneity of the group of specialty papers and products made
of them, it is most difficult o judge their acceptance in the market place. It
might be assumed that there is no increasing acceptance because it is fact that a
number of such products can only fulfil very high quality demnands when they
are made of virgin pulp (e.g. filter paper, banknote paper, cigarette tissue).

4.3.2 Costs of Collection and Sorting of Waste Paper

It is & rather difficukt task 1o obtain relizble data on costs of collection and sonting of
wasle paper, paridcnlarly with respect to the collection of waste paper from
households. The matn reason for that situation is the large vartation of collecting
costs, arising from the following factors:

» Collection sysierns which are divided in the first place inte pick up and carry

systems. In both cases there exist different sub-systems according 1o their size,
design and handling.

s Density of population per area, in the first place divided into urban and rural
areas which again differ with respect to their infrastructure.

As far as sorting is concerned, the variations of the costs are affected. amongst
others, by the following fearures:

+ Waste paper grades (o be sorted

» Origin of the waste paper (waste paper from industry, distribution, small
commercial enterprises, households)

» Size and techmical equipment of the waste paper dealers, waste rmanagement
industry or paper industry involved in soriing of waste paper.
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The most challenging task refers, however, to the assessment of marginal costs of -

collection, Tequired to meet different recycling levels. These marginal costs of
collection cannot be predicted.

In the following reference is made to collection and sorting costs, generated in a
larger scaled enterprise, dealing with collection of household waste paper as well as
in sorting, particularly of waste paper for DIP, based on a mixture of news,
magazines and other graphic products, delivered unbaled to the paper industry.

Collection Costs

Table 4.3.-1: Costs of Waste Paper Collection [DEM/Tonne]

Collection Area Contaiper Househoid Bin
Lirhan Area 0-50 180
Rural Area 30 - 100 250

Source: Intecus, Berlin, privare communication

Table 4.3.-1 shows the large varlations of the collecton costs between 30 DEM and
230 DEM per tonne, depending on collection area and collection systern. The
volume of the containers vares between 20 m?® and 36 m?, some equipped with a
compactor. The disiribution of the collection costs is as follows:

Distribution of Collection Costs

» (Calcuiarion Costs 18 percent
» Interest Rate 4 percent
e Tax and Insurance of Trucks 5 percent
» Maintenanes 12 percent
s Energy 11 percent
* Labour 50 percent

With respect to the coliection costs one rnust bear in mind that the collectors are
able to recover some costs at least for the proportion of packaging material (sales

packaging) in the waste paper, which is financed by the Dual System Germany DSD
based on the licence fees for the Green Dot
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The following calculations are based on average coliection costs of 150 DEM per
tonne of waste paper taking into account that Germany is mainly equipped with
household bing and 1o a lesser extent with conrainers locared in public places,

Sorting costs

Reference is made to waste paper collécted from households, containing mainly
news and magazines for making DIP for manufacturing graphic and sanitary pagers,
but mainly newsprint. This grade of waste paper for DIP requires 2 most careful
sorting in order to remove quality-impairing components such as packaging material
(e.g. corrugated containers, folding boxes) as well as impurities (e.g. plastic,
composite material, textiles, metals, glass).

In the first case the waste paper from households is composed of 80 percent news
and magazines, 16 percent packaging material and four percent impurities. The
sorting costs amount to 60 DEM/tonne. The dominant cost component refers to the
sorting system (belt system) which causes 80 percent of the total sorting costs (48
DEM/torne). Other technical equipment covers about 15 percent of the total sorting
costs, whereas the bale press used for the removed packaging material causes about
five percent of the total sorting costs. The dominant cost factors are variable costs
for labour, energy and maintenance,

The second case is based on a waste paper composition of 90 percent news and
magazines. eight percent packaging material and two percent impurities before
sorting. Due to that 'cleaner’ wasie paper composition the rotal serting ¢osts are not
more than 43 DEM/tonne. About 85 percent of the total sorting costs are generated
by the sorting system and not more than ten percent by other technical equipment.

The following evaivations of the sorting costs of any waste paper are averaged at 50
DEM/tonne.

4.3.3 Waste Paper Processing Cosis incl, Waste Disposal

Because waste paper processing costs are of a sensitive nature due to competition
issues, there are 2lmost no teliable data published in hteratare. Relizble data are
generally confidential and therefore not permitted to be distributed to other parties,
It is, however, evident that in Germany waste paper processing costs are generally
lower than the costs of pulptng wood or of using virgin pulps as long as waste paper
prices are not at & peak level exceeding the long-term averages as was the case in
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the middle of 1995 (Fig. 4.3.-1). It is supposed that wastz paper for DIP {category D
39: 50 percent news and 50 percent magazines) will cost at the mill gate 150 DEM
w 200 DEM per air-dry tonne in the longer term due to the increasing demand of the
paper mills manufacturing newsprint and high-grade wood-containing printing
papers.
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In the following a cost comparison is discussed with reference to puiping of TMP
made of sawmill residues and processing of DIP made of manually sorted household
wasle paper. both used as a raw rnaterial for manufacturing newsprint.

The furnish for newsprint is based either on 100 percent TMP or on 100 percent
DIP. The capacity of the DIP plam as well as of the TMP plamt amnourss 1o about
830 tonnes/day (air-dry substance). Becanse of a vield of 83 percent in the case of
waste paper processing a daily volume of 1,000 tomnes of waste paper muost be
processed. At the machine chest the double-flotated and dispersed DIP contains 15
percent fiflers and pigments introduced by the waste paper components, namely ash-
containing news and filled or coated magazine papers.

‘The invesunent costs for a DIP piant totals approx. 120 million DEM, whereas the
TMP plant requires investunent costs of about 130 million DM (Fig. 4.3.-2). Energy
supply, waste water treatment and waste incineration are not included in the above
mentioned investment costs. In the case of the DIP plant, however, equipment for
sludge dewatering is included. This sludge treatment guarantees a dry content of
about 50 percent for the benefit of cost saving in landfilling or alternatively of a
reasonable heating value used in co-generation.

CHAPa_2D0CSN8.02.57

O

@

O O

)

C

0000000000000 0O0CQ

@

N




o~

¥ "

™

AT

TWP Plant: 130 Million DEM

Sattart kel i P apdertatrlanon, Darmetact [ RS}

e 424 VEStTeNt Costs of TMF and DIP o
e | Plants [Capacities: 850 ADTPE each}

ab o]

Depreciation 1s set at six percent per annum (4.8 percent for equipment and 1.2

percent for buildings) and the interest rate amounts to four percent per annum which
resulis then in ten percent capital costs.

Besides the costs for raw materials (sawmill residues for TMP and waste paper for
DIP) the operation costs comprise the following positions:

* Energy costs (power, process stearn including steam recovery)

Chemical costs (mainly deinking agents and flocculants for sindge treatment)
Personnel costs

Other costs (maintenance, auxiliary material)

Waste disposal costs (landfilling of waste material from waste paper
processing)

The most significant variables of these individual costs refer to raw materials (in the
first place to waste paper according to Fig. 4.3.-1 and furthermore to waste disposal
costs with their big range depending on the location of the landfill site. In many
cases it is more economical to treat the sludge of waste paper processing by burning,
making use of energy recovery.
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Fig. 4.3.-3 shows the distribution of capital and operation costs with the exception
of the costs of raw material and of disposal of deinking sludge. Due to exiremely
high costs for energy generation and purchased power in Germany and because of
the high power demand (of about twe MWh per tonne of TMP compared with 0.4
MWh per tonne of DIP), pulping of TMP requires very high costs for energy despite
the fact that steam recovery is taken into account,

Costs of TMP Pulping
Labour 3 % Chermicals 2%

Costs of DIP Processing

Séayre: o r Paniertshebartion, Darwtact (1R85

Disiributon of Difteramt Costs for P
Fg- 4331 TMP Piping and DIP Processing 1905
fCests at Machine Chest) Lo

In the case of DIP processing. capital and other costs are of the same order as
energy costs, followed by chemical costs which are, of course, much higher
compared with the corresponding costs for TMP pulping. The costs for personnel
are of marginal importance in both cases. However, this comparison refers only to
the distribution of costs as percentages and one must be aware that the actual costs
of DIP processing are less, related to the ccrreépunding costs of TMP pulping.

Fig. 4.3-4 illustrates the taral costs of both furnishes, based on 100 percent TMP
and on 100 percent DIP, now including the costs of raw materials. In the case of
TMP pulping the assumption is made that the price of sawmill residues is constant.
The total costs of the TMP furnish are set 100 percent. Because of the significant
variations of waste paper prices, the costs of a DIP furnish is shown versus the price
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of waste paper which vared between 70 DEM and 350 DEM per air-dry tonne
between 1991 and 1995,
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The other variable docurnented in Fig. 4.3.-4 refers to the costs for sludge disposal,
starting with the unrealistic presentation of the costs for DIP processing without any
costs for sludge disposal, followed by more realistic costs for siudge disposal in the
range between 200 DEM and 400 DEM per wet tonne (dry content: 50 percent). At
a waste paper price of 100 DEM/tonne and minimum costs for sludge dismsal of
200 DEM per wet tonne of deinking sludge, the costs of a processed DIP correspond
to about two thirds of TMP costs at the machine chest. At a waste paper price of 200
DEM/tonne and costs for sludge disposal of 400 DEM per wet tonne DIP processing
is not at all competitive in comparisen with TMP pulping,

Sludge disposal by landfilling will become unrealistic in the medium-terra due to
costs as well as to legislation (Municipal Waste Management Provision). Therefore,
pricrities are given to combustion of the sludge or its utilization as raw material.
The approximate costs for these alternatives are in the order of 100 DEM per wet
tonne. Considering this and an average waste paper price of 175 DEM per tonne,
then DIP processing costs about three quarters of TMP pulping.
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4.3.4 Impacts on Waste Management Authorities
4.34.1  Costs of Disposal and Utilization of Municipel Waste

Fig. 4.3.-5 shows the costs of incineration and landfilling of household waste as
well as for composting of biowaste from households referring to Germany in 1994,
The data presented are based partly on literature and partly on present-day
information of waste management experts. It becomes evident that the vaniations of
the costs are very significant with respect to landfilling and to incineraton. These
variations are partly affected by the capacities of municipal incineration plants but

also to a large extent by the number of landfilling sites and incineration plants in
certain areas of the counrry.

Costs DEMWTonna |
800
i
&0
500
&)
200
200
100
T Groling  inmereton Composing
Findice. ity o Crwemt, Pro, 5O -+ Prartrr, Danmmeze [1Ges)
39 g e |

The average landfilling costs of 250 DEM per tonne of waste are lower than the
average incineration costs of 400 DEM per tonne of municipal waste. Most
competitive are the costs of composting of biowaste (220 DEM per tonne). In this
case the price of compost (30 DEM/tonne) is nor taken into account because it is
uncertain if this compost can be totally sold on the market place.

Table 4.3.-2 refers to the coilection costs of residual household waste, biowaste and
wasie paper (from households). For collection of residual household waste and
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biowaste, the costs amount to about 90 DEM per tonne in densely populated areas
and to 130 DEM per wone in raral areas, On average, it is supposed that the
collection costs for residual waste and biowaste towal 130 DEMftonne. On the other
hand, the costs for waste paper collection amount to 50 DEM to 250 DEM per tonne
(average: 130 DEM/tonne) affected by the collection system (pick-up or carry
systemn) and the density of population in urban and rural arzas.

The sortng costs are averaged at 50 DEM/tonne of waste paper with reference to
the main waste paper grades for manufactering graphic papers es well as packaging
paper and board,

Table 4.3.-2: Costs for Collection of Household Waste
and Waste Paper (from Households)

Material . Collection Casts Sorting Costs
[DEM/Tonne) [(DEM/Tonne]

Residual Household Waste 90 - 130

Biowaste from Households 90 - 130

Waste Paper 50-230 30-60

Source: Infrastrufaur und Umwelt, Prof. Bihme + Partmer/Darmstad: [ 1995)

4.3.4.2  Current Sifuation and Scenarios

According 1o Table 4.3.-3 the total disposal and treamment costs of waste paper
being a part of munpicipal waste do not change significantly in comparison berwesn
scenario 1 and 2 of chapter 3. Scenario 1 resulrs in additional costs of 54 million
DEM compared with the current situation, whereas with scepario 2 the total costs
arz reduced by 233 million DEM related to the current sinsation. This means for
scenario 2 a cost saving of approx. three DEM per year per head of population in
Germany compared with the current simation. (Sales of separately collected and
softed waste paper is not taken into account.)

In view of the relatively small cost difference between the current situation and
scenario 2, it must be emphasized that, in the framework of waste management,
econamic factors are hardly involved and will oot affect political decisions how the
waste management Strategy will be realized in a region. Anyhow, the long-term
strategy on disposal of waste is already prescribed by the Municipal Waste
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Management Provision. In order to avoid air and water pollution by landfill sites it
15 permitted o dump nothing else than inorganic material in the future, at the latest
by 2003, To fulfil this requirement, waste material based on organic components
must ke first bumpt. Thig thermal wreatment also applies for pon-recoverable/non-
recyclable waste paper and waste material from waste paper processing paper mills,

The local authorities responsibie for waste management will agree to an intensified
separate ¢ollection of waste paper from households as long as no additonal costs
are generated for the local governments. With reference to the comprehensive
product responsibility of the German industries required by the recentdy issued
Recycling and Waste Management Act {10 be in force 1996), the paper chain will be
urged to pay for any additonal costs in order to utilize excess waste paper for
recycling of energy recovery.

Axn additional potential for waste paper composting {scenario 2; 0.8 million tonnes)
is unlikely to be realized. According to the Municipali Waste Managemens
Provision. the establishment of further composting capacities will be only permited
if the compost to be produced can be sold on the market place. Already today,
bortdenecks on the markert place for compost occur Iocally. These bottlenecks can be

suinounted only i the acceplamce of that compost as a substime for peat is
improved,

4.3.5 Adaptation of Indusirial Combustion and Power Plants

Waste paper can be only burnt in industmial plants which are suitable for the
combustion of solid fuel such as hard or brown coal or solid waste from paper
manufacturing. Fuel oii - or natural gas - fired power plants are not suitable for

burning waste paper. because of the following reasons:

» The firing chambers are generally too small.

» Combustion takes place with ap air surplus which is too small for optimal waste
paper incineration.

¢ ‘The boilers are not designed for dealing with the large ash volume generated by
wasle paper incingration.
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Against this background, it is evident that waste paper must be burnt in power plants

designed for hard or brown coal or in combustion plants employed for the
incineratdon of waste material.

When non-densified, loose waste paper is burnt, the resuliing heating value per unit
of volume cotresponds to less than ten percent of the heating value of hard coal at
the same unit of volume. In order w0 achieve the identical emergy output by
substituting, for example, one third of hard coal by non-densified waste paper, the
total fuel input by volurne must be increased by 33 percent related to the former
input of hard coal. The height of the fuel layer (coal and waste paper) on the firing
grate has then to be increased by about ten times. Such a change of the bumning
conditions cannot be managed. Furthermore, this would result in changes of the flue
gas volume and of the temperawre in the firing chamber. Finally, the thermal
efficiency of the boiler would be impaired.

Aceording o an inquiry of the German Federation of the Pulp and Paper Industry
focusing on energy issues, the following information was recejved:

* Present combustion plants for wasie material (from paper manufacturing) have a
capacity equivalent to the amount of the waste volume generated. Additional
ENergy recovery using wasie paper would be only possibie to a limited extent.

This is also the case with the capacity of planned combustion plants for waste
marterjal.

¢ Relared to the total amount of fossil fuel for energy generation, the proportions of
hard coal (23 percent) and brown coal (6 percent) in terms of energy output are
smaller in the German paper industry, compared with those of nawral gas (53

percent} and fuel oil (16 percent). Three percent is based on other sources {e. g.

“residues, hydropower).

In the case of co-combustion of waste paper in existing boilers based on hard coal, it
rust be realized that the heating value of waste paper is not more than 30 percent of
that of hard coal at the same unit of mass. By substimting a proportion of hard coal
with waste paper, the previous energy output {in terms of steam and power) could
then not be achieved. To overcome this problem, it would be necessary to increase

the boiler capacity including the extension of the capacity of the stack gas
purificatjon.
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The substimtion of solid fossil fuel by waste paper would only make sense in

combustion plants based on brown coal, In the German paper industry the input of
brown coal is not more than 352,000 tonnes, which comresponds to an energy input
of 6.370 TJ. Not more than 25 percent of the energy input of pewer plants is
permutied to be realized by waste paper to avoid the application of the very stringent
L7th Reguladon of the Federal Emission Contrel Act. Therefors, only 100,000

tonnes waste paper could be burnt annually in existing combustion plants of the
German paper industry based on brown coal.

4.3.6 Costs of Collection and Processing of Waste Paper for Energy Recovery
in Industrial Combustion Facilities

Waste paper as a substitute of solid fossil fuel (hard and brown coal) has to fulfil the
following requirements when used in industrial combustion planis:

* Smeoth flowing charactenstics as a prerequisite for an automatic feeding of
the firing chamber

* Minimal dusting with handling of waste paper
* Constant characteristics (e. g. heavy metal content, heating value, density)
» Low emissions of harmful substances during incineration.
To contnbute to the uniformity of these characreristics, waste paper requires a pre-
eatment. This pre-treatment comprises shredding and the removal of impurities

{e. 2. stones, mesals) as well as densification in the form of pelletizing. The veriovus
stages of waste paper pre-treatment are shown in Fig. 4.3.-6.

Waste paper must be pelletized in order to increase its volume-related heating value.
The pellets produced can have a diameter of 1 cm t0 3 cm and 2 length of 2 cm 10 5

cml. It is considered that 2 diameter range between 1 cm and 2 cm and a length of 3
cm is optimal,
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The density of loose wasie paper ranges between 50 kg/m* and 150 kghm. By
compacting. the density of waste paper is increased to about 600 kg/m® which
corresponds to the density of brown coal (300 kgim® 10 800 kg/m?) and approaches
almost the density of hard coal (700 kg/m? to 850 kg/m®).

The heating value of waste paper pellets ranges berween 14 Gl/tonme and 18
G/tonne at a moisture content of five percent to ten percent. This is almost the same

heating value of that of brown coal (16 GJ/tonne to 20 Gl/tonne) and half of that of
hard coal (29 GJ/tonne o 31 Gl/tonne).

So far, waste paper pelletizing is not performed in Germany in a commercial scale.
According to information on waste paper combustion practised in the paper industry

of the USA, the costs for pelietizing are esimated ar 40 DEMicnne to 50
DEM/tonne.,

When comparing the costs for waste paper pelletizing and the costs of fossil fuel, it
is more useful to refer to heating value-related costs rather than to mass-related
costs. At an average heating value of waste paper pellets of 16 GJ/tonne the specific
costs for pelietizing ranges berween 2,50 DEM/GY and 3.10 DEMIG), The mass-
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related and the heating value-related costs of fossil fuels are shown in Table 4.3.-4
(Germany 1994},

Table 4.3.-4: Mass-related and Heafing Value-related Costs

of Different Fossil Fuels
Fossil ¥uel Price Heating Value i H“:i:lggglue-
Hard coal (imported) 73 DEMAonne 30.0 Glftonne 2.50 DEM/GT
Hard coal (German) 155 DEM/tonme 30.0 Glfionne 5.20 DEM/GT
Brown coal 83 DEM/tonne 18.0 Gl/tonne 4.70 DEM/G]
Natura] gas ' 21 DEM/m? 31.7 M¥m? 3.90 DEM/G]
Frel il 2'155 DEM/tonme 42.4 Glitonne 4.80 DEM/GI

Source: DERRIV (1993)
Ruhrgas 4G (1995}
BF Ol Deutschland GmbH ( 1993)

The difference berwesn the costs of the different fossi] fuels and the costs for
pelietizing of waste paper indicates that the price of waste paper should be aimed at
identical costs with reference to the same unit of heating value, At costs of 30
DEM/ionne (3.10 DEM/GT) for pelietizing of waste paper, the price of waste paper
should not excesd 34 DEM/tonne compared with German hard coal. In compartson
with imported hard coal the waste paper price becomes even negative (-10
DEM/tonne) at the same costs for pelletizing as in the previous case.

Taking the collection costs of waste paper into account (50 DEM/tonne to 250
DEM/onne} then it becomes evident that waste paper a5 a fuel is not cost-
compefitive at al] with fossi] fuels, either with the expensive German hard coal or
brown coal or with the cheaper imported hard coal. Nor is this use of waste paper

economically attractive compared with the sales price of waste paper as & raw
material for papermaking.,

CHAR4_2ZDOCI 50257




222
5 Summary

Waste paper is an indispensible raw material for the German paper industry as the
source for recveled fibers becoming increasingly important as a result of economic
and Jegal forces. Current legistation reqguires an intensified waste paper reeycling,
charactertzed by collection and recycling rates of 80 percent in the case of used
packaging material and of 60 percent in the case of used products made of graphic
papers (news, magazines, catalogues, office paper ¢t¢.) to be achieved at the latest
by the end of this decade. Ini fact, these targetted collection and recycling rates have
been ‘already realized in 1994, This resulted in an average waste paper utilization
rate 0f 56 percent. (The utilization rate refers to the waste paper volume recycled in
Germany related to the total paper production.)

The waste paper collection rate was acmally 39 percent. (The collection rate refers
to the Waste paper volume collected, related to the total paper consumption in
Germany.) A certain amount of the collected waste paper was exported, mainly to
neighbouring counuries of the European Union, but also to the Far East. The
exporied waste paper volume (2.2 million tonnes) is globally the second-largest,
following the USA, On the other hand, superior and medium waste paper grades

must be imported (0.7 million tonnes) hecause of their shortage in the local market
place-

The wasie paper uillizadon raes of packaging papers and Doard as well as of
specialty papers have already reached their saturation point, whereas graphic papers
. {waste paper utilizaton rate: 28 percent) will further increase their comtent of
recycled fibers, approaching a rate of about 40 percent in the medium-term. A

certain increase of the waste paper utilization rate will occur in the case of sanitary

Papers, wo.

It is supposed that the average waste paper utilization rate of the German paper
industry will approach 65 percent in the next decade. Furthermore, it is assumed that
the waste paper collection rate will not exceed 70 percent in the longer term.
Germany 1s already today covered with 3 dense nerwork of waste collection sysierns
aiming at a separate collection of waste paper (post-copsumer waste) in ptivate

houscholds and small commercial enterprises, whereas waste paper from industry

and commercial enterprises (e.g. print houses and department stores) is recovered by

almost 100 percent. A not vet completely exploited resource can be found in offices,

apart from households.
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The higher the waste paper utilization rate the higher is the number recycled fibers
passing the recycling loops. It is anticipated that each recycling loop contributes to a
deterioration of mechanical and optical characteristics of the fiber material. With
Tespect 1o brown waste paper grades {e.8. mixed wasie, department store waste),
which comprise about 50 percent of the total waste paper volumne, it was confirmed
by systematically performed investigations that mechanical properties of recycled
fibers were not deteriorated berween 1984 and 1994. As far as wood-containing
waste paper for DIP is concerned. pilot plant trals made evident that mechanical
properties of printing paper made of recycled fibers (50 percent mechanical pulp
and 50 percent chemical pulp) are not impaired whep being recycled for several
times. This is due to the resistance of high-yield pulp (TMF) against multiple effects
of drying and calendering of paper or printing of paper. On the other hand optical
characteristics such as brightness or luminance are impaired to a certain extent as far
a5 no additional upgrading measures such as double flotation and dispersicn are
applied in waste paper processing.

The collection costs of wasie paper vary between 30 DEM/tonne waste paper and
250 DEM/tonne waste paper, depending on the collection area and the collection
systeril, This would lead, together with the costs for manual sorting (40 DEM to 60
DEM/tonne of waste paper for DIP), to waste paper prices for the majority of the

- waste paper volume which would exceed the prices o be economic for

papermaking. To compensate, waste paper from households is subsidized either by
licence fees paid by the paper chain (Green Dot fee) in the case of packaging
material or by conununities in the case of graphic produets. Subsidizing is, however,
less expensive than the costs for disposal of waste paper by landfilling (average
costs: 250 DEM/tonne) or municipal waste incineration (average costs: 400
DEM/tonne). Furthermore, one has to take into account that landfilling of organic
waste such as non-recycled waste paper, will not be permitted at the latest by 2005

according to-the Municipal Waste Management Provision, already in force since
1993,

Further intensified waste paper recycling and disposal options are limited in
Germany because the legal requirements already force the paper industy today to
use a large volume of waste paper and to dispose of the non-recycled fraction in an
environmentally-friendly way. In fact, snitable waste paper grades réquirﬂd for
manufacwring of graphic and sanitary papers are not sufficiently available. Further
increased waste paper collection rates will mainly generate ordinary brown grades
such as mixed waste and supermarket waste, which cannot be used for deinked pulp
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but only for packaging paper and board which have already achieved their saniration
point in terms of waste paper utilization.

Disposal of excess waste paper by landfilling will not be possible in the near fuqre.
Overcollected ordinary waste paper which cannot be exported must be bumt in
industrial power plants as well as in municipal incineration plants. Combustion of
excess waste paper for energy generation makes sense only by co-generation of
eleciricity and beat beneficial for a high thermal efficiency.

However, most industrial power plants of the German paper industry are fired by
natural gas and fuel oil and are therefore not suitabie for the combustion of waste
paper. Existing power plants fired with brown coal could burn pelletized waste
paper but onty with a proportion of 23 percent, with reference to the energy input. in
order to avoid the application of the 17th Regulation of the Federal Emission
Control Act which sets very stringent standards for the emission of different air
pollutants present in the purified flue gas. Taking inte account that the wtal capacity
of the brown coal-fired beilers is not more than gbout 400,000 tonnes/year, the
volume of co-brrnr waste paper could not exceed 100,000 tonnes/year, This is only
a small fraction of the excess waste paper which could be used for energy recovery.
Another option could be the combustion of waste paper in boilers suitable for the
incineration of waste material from waste paper processing (e.g. fhuidized bed
boilers). So far, the capacity of boilers incinerating waste material from waste paper
processing is not sufficient for burning an additional volume in terms of non-
recyclable waste paper.

If an assumed excess of waste paper {1.7 million tonnes) - as taken into account in
one of the sceparios - was burnt in incineration plants of the paper industry, an
equivalent of 0.7 million tonnes of hard coal (energy content: 21,000 Terajounle)
conld be subsited which corresponds 10 abowt 18 percent of the fossil energy
(116.300 Terajoule) consumed by the German paper industry. Because of the costs
of pelietizing of waste paper (50 DEM/tonne waste paper), the heating value-related
price of wasie paper as a fuel would have to be negative (minus 10 DEM/tonne
waste paper} at the same heating value of imporied hard coal, which costs only 73
DEM/tonne. The subsidized price of German hard coal is about 135 DEM/tonne. so
with reference to this, the waste paper price could be 34 DEM /tonne waste paper.
In either case, it is obviously more atiractive for the waste management industry and
traditional waste paper dealers 1o seli the waste paper as a raw material to the paper
industry. '

CHAP_5.DOCAH RO 97

2

(

CO0000000000O00D0000000000




225

Waste paper is nowadays a rather clean material with respect to is heavy metal
content and the coptent of chlorinated compounds compared with brown and hard
coal. Modern combustion technologies including stack gﬁs purification, guarantee
flue gas emissions which fulfil the most stringent requirements of the 17th
Regulation of the Emission Control Act. including negligible emissions of dioxins
and forans,

Because of its high degree of cleanness as far as harmful substances are concerned,
non-recycied waste paper can be alternatively used as a co-substate for composting,
but # will compete with the increasing volume of biowaste from households which
must be composted. Therefore, the amount of waste paper used 2s a compost
substrate will not increase 1o any greal extent. '

A major concern in waste paper processing refers to disposal or utilization of rejects
and sludges (deinking and waste water treatment sludges). Apart from a certain
fracton of rejects from pre-screening (generated by rotating drums or pulpers for
waste paper defibration) which might contain a proportion of chlorinated plastic,
nearly ali the waste material could be burmt in the paper induscy in an
gnvironmentally compatibie manner without additional fuel, thereby recovering
energy. In the future, the current proportion of 40 percent of rejects and sludges
burnt will be increased 1o at least 60 percent.

The remaining proportion of indusirial waste material will be used as biological raw
material (composting and soil spreading) and for construction material {(e.g. cement,
bricks). Despite the fact that deinking shudge is a repository of potentially harmful
substances possibly present in waste paper, it can be burnt or composted without any
environmental concerns. As far as any remarkable pollution of sludges by heavy
metals is concerned, one rmust bear in mind that their most significant source are
fillers and pigments used in previous papermaking. The heavy metal contaminations
of these- compounds are, however, strongly fixed in the crystal latrice and are
therefore almost insoluble in water. The former problem of organochlorinated
compounds present in wased paper as well as in sludges has become increasingty
irrelevant thanks to the preferential use of ECF and TCF bleached chemical pulps
by the German paper industry. Additives used for papermaking are generally free of
AQOX generanng compounds, with the exception of wet-strength agents or
defoamers.

The environmental effects of two scenarios were compared with the current
situation of pulp and papermaking including waste paper processing, utilization and
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disposal of waste material generated by waste paper processing and disposal of non-
recycled waste paper (landfilling, incineration and composting). They did not differ
significantly. This is particularly the case with respect to energy consumption which
is identical with both scenarios and the cumrent simation. With reference to the
reduction of fossil CO2 emissions, it is advantageous to bum biomass in terms of
(non-recyclabie) waste paper as well as waste material from waste paper processing.
However, one must be aware that the combustion of waste paper by co-generation
(in the paper industy) requires its separate collection, If this 'overcollected'
proportion of waste paper can be used abroad for papermaking, it will contribute to
fiber supply, which is assumed to be characterized by a medinm-term shortage.

The German public is recycling-minded. It is prepared to intensify measures which
aim at separate collection of waste paper classified into brown and printing grades
either used for manufacturing of packaging paper and board or of graphic and
sanitary papers. Requirements of NGOs for intensified waste paper recycling are
supported by politicians and are taken into account by legislation. There are
indications that incineration of excess (non-recyclable) waste paper would be
accepted by the NGOs if co-generation of electricity and heat will be performed,
particularly by the paper industry. In general, environmentally-sound technologies
of incineration (of waste in industrial and municipal plants) and landfilling are most
advanced in Germany. This results, however, in high disposal costs to be paid by the
industry as well as by communities and private households, respectively,
Considering the avoided costs for disposal in terms of landfilling or incineration, it
Is mOre econoMic 10 Use¢ wasle paper as a raw material as long as the quality of
paper made of recycled fibers fulfils the market requirements.
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