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Directions of future developments in waste recycling

Kestavan kierratyksen tulevaisuuden kehityssuuntia. Malin Meinander (ed.), Ulla-Maija
Mroueh (ed.), John Bacher, Jutta Laine-Ylijoki, Margareta Wahistrom, Johannes Jer-
makka, Nina Teirasvuo, Hannele Kuosa, Maria Térn, Johanna Laaksonen, Jukka Heis-
kanen, Juha Kaila, Hanna Vanhanen, Helena Dahlbo, Kaarina Saramaki, Timo Joutti-
jarvi, Tuomas Mattila, Risto Retkin, Pirke Suoheimo, Katja Lahtinen, Susanna Sironen,
Jaana Sorvari, Tuuli Myllymaa, Jouni Havukainen, Mika Horttanainen & Mika Luora-
nen. Espoo 2012. VTT Technology 60. 86 p. + app. 80 p.

Abstract

This publication summarises the results and conclusions of the research project
Advanced Solutions for Recycling of Complex and New Materials. The aim of the
project has been to create an understanding of the future development needs of
waste recycling and management by conducting an in-depth analysis of five se-
lected waste value chains. The chains analysed were:

construction and demolition (C&D) waste
commercial and industrial waste (C&l)

household waste / municipal solid waste (MSW)
waste electrical and electronic equipment (WEEE)
end-of-life vehicles (ELV).

The main emphasis was on the analysis of the five waste chains including tech-
nologies, material utilisation and losses, as well as environmental and economic
analyses of the current systems. The current and future requirements of the Finn-
ish operational and business environment were also studied. The findings of the
project are to be applicable in the planning and implementation of future develop-
ment projects, as well as in decision making by various actors of the sector.

The main methodologies used in this study were literature reviews, data collec-
tion, interviews and waste chain modelling; material flow analysis (MFA), life cycle
assessment (LCA) focusing on climate impacts and resource use, and life cycle
cost analysis (LCC). Value formation was studied in WEEE and ELV chains.

The operational environment in the waste management chains is affected by
various environmental and other policies and regulations, demand and supply as
well as raw material prices. Cultural aspects and people’s attitudes are also im-
portant, especially because the waste market will be increasingly global.

The rising prices of raw materials and stricter recycling targets are expected to
affect product design and development of innovations in the field. Increased recy-
cling calls for systemic thinking and improved waste chain management with more
efficient processes and technologies. Integrated modelling concepts and analysis
of future scenarios are needed for assessment of the economic viability of the
recycling solutions. For example, development of new presorting and pretreatment
concepts could improve both the quality and quantity of products. Management of
the entire treatment chain calls for real-time monitoring methods integrated with
on-line quality control.

Keywords waste chain management, material flow analysis, LCA, commercial and
industrial waste, municipal waste, construction and demolition waste,
waste electrical and electronic equipment, end-of-life vehicles, future
development
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Tiivistelma

Tassa julkaisussa on esitetty tutkimusprojektin "Advanced Solutions for Recycling of
Complex and New Materials” tuloksia ja johtopaatoksia. Hankkeen tavoitteena oli luoda
kasitys jatehuollon tulevaisuuden kehitystarpeista syventymalla viiteen jateketjuun:

rakennus- ja purkujate (C&D)

kaupan ja teollisuuden jatteet (C&l)
kotitalousjate / yhdyskuntajate (MSW)
sahko- ja elektroniikkaromu, SER (WEEE)
romuautot (ELV).

Tutkimuksessa analysoitiin Suomen jate- ja kierratysalan arvoketjuja ja toimintaympa-
ristda tavoitteena luoda ymmarrysta tulevaisuuden kehittamistarpeista. Valittuja arvo-
ketjuja tarkasteltiin erityisesti seuraavista nakokulmista: teknologiat, materiaalien hy6-
dyntamisasteet ja materiaalihdvidt seka merkittdvimmat ymparistdvaikutukset ja talou-
delliset vaikutukset. Tuloksia voidaan hyddyntaa tulevaisuuden suunnittelu- ja kehitys-
projekteissa. Ne tukevat myos jate- ja kierratysalan paatoksentekoa.

Tutkimusmenetelmina kaytettiin kirjallisuusselvityksia, tiedonlouhintaa, haastatteluja
seka arvoketjujen mallinnusmenetelmia: materiaalivirta-analyysit, elinkaarianalyysit
keskittyen erityisesti ilmastovaikutuksiin ja luonnonvarojen kayttéon seka elinkaarikus-
tannusten arviointi esimerkkitapauksessa. Lisaksi tarkasteltiin arvonmuodostusta SER-
ja WEEE-ketjuissa.

Kierratys- ja jatehuoltoalan toimintaymparist6on vaikuttavat erityisesti lainsaadanto,
kysynnan ja tarjonnan kehittyminen sek& materiaalien ja energian hinnat. Myos kulttuu-
ri- ja asenneymparistd on tarkea, varsinkin siksi, ettd alan markkinat ovat yha enem-
man maailmanlaajuisia. Kuten muillakin aloilla, sidosryhmien merkitys on kasvamassa.

Raaka-aineiden hintojen nousun ja tiukkenevien kierratystavoitteiden voidaan tule-
vaisuudessa odottaa johtavan uusien innovaatioiden syntymiseen ja kayttddnottoon
seka vahitellen kierratysta tukevien tuotesuunnittelumenetelmien kehitykseen. Kierra-
tyksen tehostaminen edellyttda systeemista ajattelua, jatevirtojen hallintamenetelmien
kehittamista seka tehokkaampia erottelu- ja lajitteluteknologioita koko kerays- ja kasitte-
lyketjuun. Taloudellisten edellytysten arviointiin tarvitaan eri nakdkulmia yhdistavia
mallinnuskonsepteja ja tulevaisuuden skenaarioiden tarkastelua. Tuotteiden saantoa ja
laatua voidaan parantaa mm. kehittdmalla uusia konsepteja esilajittelun ja -erottelun
tehostamiseen. Koko kasittelyketjun ja tuotteen laadun hallitsemiseksi tarvitaan eri
virtojen reaaliaikaista monitorointia yhdistettyna online-laadunvalvontamenetelmiin.

Asiasanat waste chain management, material flow analysis, LCA, commercial and indus-
trial waste, municipal waste, construction and demolition waste, waste electrical
and electronic equipment, end-of-life vehicles, future development
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Preface

This publication summarises the results and conclusions of the research project
Advanced Solutions for Recycling of Complex and New Materials. The aim of the
project was to analyse the current situation of selected waste value chains as well
as the demands on the current and future operational environment. Based on the
results, an analysis of challenges and development needs in these value chains
was made, and future development opportunities identified.

The waste value chains analysed were: Recycling and utilisation of construction
and demolition (C&D) waste; Recycling and utilisation of commercial and industrial
waste (C&l); Recycling and utilisation of household waste / municipal solid waste
(MSW); Recovery of valuable materials from waste electrical and electronic
equipment (WEEE); and Recycling and utilisation of End-of-Life vehicles (ELV).
The project produced several research reports which are listed in Appendix 1.

The project was funded by Tekes (Finnish Funding Agency for Technology and
Innovation) a group of companies and participating research institutes. The re-
search partners and their main duties in the project were:

e VTT Technical Research Centre of Finland: Coordinator for the project
with main responsibility for the analysis of MSW and C&D value chains

e Aalto University School of Science and Technology Lahti Center
(AALTO) with main responsibility for the WEEE, C&l and ELV value
chains

e The Finnish Environment Institute (SYKE), responsible for the analysis of
strategies and legislation, Life cycle analysis (LCA and LCC), BAT analy-
sis, and assessment of hazardous substances

e Lappeenranta University of Technology (LUT), responsible for the Waste
to Energy opportunities in the value chains mentioned above.

The Steering Group for the project consisted of the following people: Antero Vat-
tulainen, Kuusakoski Oy; Toni Andersson, Ekokem Oy Ab; Tuomo Joutsenoja, Ru-
dus Oy; llkka Kojo, Outotec Oy; Markku Lehtokari, Turun Seudun Jatehuolto Oy;
Marko Makikyrd, Ruukki Metals Oy, Pekka Pouttu, Kiertokapula Oy; Arto Ryhanen,
Jatekukko Oy, Jukka Ylijoki, Metso Automation Oy; Asko Vesanto, Tekes; Jatta
Jussila, CLEEN Oy; Eva Hakka-Rénnholm, VTT; Juha Kaila, Aalto University; Tuuli



Myllymaa, Finnish Environment Institute; Mika Horttanainen, Lappeenranta Universi-
ty of Technology; and Ulla-Maija Mroueh, VTT, secretary.

The research group would like to express their gratitude to the steering group
and other representatives of the companies for their support during the project, as
well as collaboration in the definition of waste value chains and delivery of process
data needed in the analysis.



Contents

ADSEFACE .....ceeiiiiiieiee e 3
Tiivistelma ... 4
Preface. ... o e 5
1. INrOdUCHION.....ccee s 9
2. Operational environment ............ccooeeiiiiiiiiriirccc e 1
2.1 Policies and 1egislation................uuuuuuuiimiiiiiiiiiiiiiieiieee e 11
2.2 BUSINESS ENVIFONMENT. ... ..uuitiiiiiiiiiiiiiiiiiiiiiiiiieieaeeneeeeeeeeeeeeeeaeeeeeeennnnes 13
3. Analysis of selected waste chains.............ccccoiiiiiiininininnnsnaaes 18
3.1 Waste chains and analysis methods..............cccccoiiiiiii 18
3.1.1 Features of the selected operational chains .............................. 20
3.1.2 Properties of selected waste chains...............cccoevviieeeiieeiiinnnn. 23

3.1.3 Current utilisation and losses of material potential in the
selected waste chains ... 42
3.1.4 ENEIQY FECOVETY .. .uiieieeeeeeeeee e ee e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeens 49
3.1.5 Problems and challenges arising during the MFA analysis.........52
3.2 Aspects of value formation.............cccoooiiiiiiiiiie i, 54
3.3 Life cycle and BAT aspects of waste chains...........cccccvvvvvvvviiiiinnnnn. 55
3.3.1 Life cycle climate change impacts of the selected waste chains.55
3.3.2 The use of life cycle costing in evaluating waste chains............. 57
3.3.3 BAT aspects in evaluating waste chains ...........ccccoeeiieiiiiiiieennn. 59
3.4 MONITOMING ..oeeeeeiiiiiieeee e 59
3.4.1 The current situation in Finland...........ccooooiiiiiiiiiii, 59
3.4.2 Summary of the identification methods .............ccoooiiiiiiiiiiiinnnnn. 60
3.4.3 Development NEEAS ........ccooiiiiiiiee e 61
4. Towards resource-efficient recycling..........cccoviiiiiiiniii, 63
g R - o = £ T 63
4.2 Drivers for Change ............uuuuuuuuumueiiiiiiiiiiiiiiiiieeeaeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 64
421 Megatrends .....coooeeeiiiiieee 64

4.2.2 Specific drivers and trends for C&D and WEEE waste chains....67



423WEEE ... .o 67

4.3 Challenges and development opportunities ................eeeeeeeeeeeeeeeeenennes 69

4.3.1 Waste composition and data quality............cccoeeeeeiiiiiiiiiiieeen. 69

4.3.2 Waste management ProCeSSES .......ccovveeeeieeieieieieeaeeeeaeaaaeeaeeenns 69

4.3.3 Key materials for increasing resource efficiency ........................ 71

4.3.4 Markets for recovered materials and products...............cc.......... 71

4.3.5 Markets for technologies and Services ...........oeeveeeeeeeeeeeeeeeeennn. 72

5. Summary and cONCIUSIONS ..........ccccciiinnin e 74

5.1 Background and approach of the study...........ccccccevviiiiiiiiiiiiiiiiii. 74

5.2 Development needs and opportunities...........ccc.cooovviiiiieeieieeiiiiiinnn... 75

5.3 Material flow specific development needs..............cccceeeiiiiiiiiiiinnnnn... 77

Acknowledgements...........coooiiiiiiiiiiiiiiiini i 78

REfErENCES......ceeeeeeiiiieieeeeeeeee s 79
Appendices

Appendix 1: Analysis reports produced during the project

Appendix 2: Methodology of MFA and building it with STAN 2.0 software
Appendix 3: Detailed C&D waste chain

Appendix 4: Detailed C&l waste chain

Appendix 5: Detailed MSW chain

Appendix 6: Detailed WEEE chain

Appendix 7: Detailed ELV chain



1. Introduction

Waste management is in a state of rapid change. In developed countries the tran-
sition from landfill disposal to energy and material recovery is already in full swing,
and the current trend is towards more efficient material recovery and recycling
processes. For example, according to the 'Roadmap to a resource-efficient Eu-
rope' (EC COM (2011) 571 Final) ‘by 2020 waste will be managed as a resource.
Recycling and reuse of waste will be economically attractive for public and private
actors, energy recovery is limited to non-recyclable materials and landfilling is
virtually eliminated’.

Realization of these targets requires extensive development at both a techno-
logical and system level. One of the biggest challenges is the growing complexity
of the products and related waste flows which makes recycling even more compli-
cated nowadays. On the other hand, the waste management market in developing
countries is also growing rapidly, and at least some of these countries have the
possibility and the will to introduce advanced technologies. The radical changes in
the business environment are an obvious opportunity for companies which are
able to be in the forefront of the development of new technologies and services
adapted to the demands of a changing business environment.

The aim of the project has been to create an understanding of the future devel-
opment needs of waste management by conducting an in-depth analysis of se-
lected waste management chains, beginning with waste generation and ending
with the production of products and materials on the market. The selection of the
waste management chains for analysis was based on the business expectations
from the perspective of Finnish recycling and waste management actors. Both the
current situation and especially future international and domestic business poten-
tial were considered. The waste management chains analysed are Construction
and demolition waste (C&D), Commercial and industrial waste (C&l), Municipal
solid waste (MSW), Waste electrical and electronic equipment (WEEE), and End-
of-Life vehicles (ELV).

A systematic modelling approach was used, which has resulted in identification
and definition of the most significant development goals of each chain. One of the
targets of the project has been to create a basis for a research programme or
research projects commercialising the research findings.

Several reports have been produced during the project, and the aim of this final
report is to combine and summarize all these reports. A list of all reports produced



1. Introduction

during the project can be found in Appendix 1. The analysis reports can be ob-
tained upon request from the responsible research organisation. In addition to the
analysis reports, several scientific publications are planned, based on the results
of the project. Furthermore, many conference presentations have been held and
are planned based on the findings of the NeReMa project.

The findings of the project are to be applicable in the planning and implementa-
tion of future development projects, as well as in the decision-making of various
actors in the recycling and waste management sector. Both this project and the
future research programme or projects generated by it enable the development of
high-level competence as well as sustainable technologies, products and services
to meet future market requirements. Thus they promote the competitiveness of the
Finnish recycling industry on the international and domestic market.

This report includes an introduction to the Finnish operational and business en-
vironment for waste companies. The waste chains are presented, as are also the
analysis results of the NeReMa project, including technologies, material utilisation
and losses, as well as environmental and economic analyses of the current sys-
tems. Furthermore, the research group presents their observations on the pro-
spects for future waste management, drivers and future opportunities for the waste
management companies.
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2. Operational environment

2.1 Policies and legislation

The waste management chains and the actors along the chain are affected by
various environmental and other policies and regulations. Future drivers and
trends have been identified at the global, EU and national level. The main focus in
this chapter is on waste legislation. As Finnish waste legislation is being revised at
the time of writing of this report, some issues are discussed at a general level.

Policies on material resources are at an early stage of development; however,
the already comprehensive set of EU waste policies has been further developed in
the past few years. The Thematic Strategy on the Prevention and Recycling of
Waste and the revised Waste Framework Directive (EU, 2008a) are important
milestones. The Mining Waste Directive (EU, 2006a), the Batteries Directive (EU,
2006b), the European Commission's Communication on future steps in bio-waste
management in the European Union (EU, 2010) and the European Commission's
Communication on Better Ship Dismantling (EU, 2008b) were issued to close
loopholes in the Waste Policy Framework concerning these specific wastes. A
number of directives tackling specific waste streams have reached the phase of
practical implementation in the member states — the WEEE Directive (EU, 2003),
the End-of-life Vehicles Directive (EU, 2000) and the Landfill Directive (EU, 1999)
in the case of biodegradable municipal wastes.

The Waste Framework Directive (EU, 2008) establishes a five-level waste hier-
archy, at the top of which is prevention. The order of priority in waste prevention
and management legislation and policy is: a) prevention; b) preparing for re-use;
c) recycling; d) other recovery, e.g. energy recovery, and e) disposal.

Finnish waste legislation is largely based on EU legislation. The new waste law
and the waste decree which specifies some issues in the waste act came into
force on May 2012. Important issues included in the reformation of the Finnish
waste legislation are:

Producers’ responsibilities in the waste management of packaging are extend-
ed. The producer will be responsible for the waste management of packages and
its costs. Minimum requirements for the number of collection points for consumers
in order to guarantee a sufficient level of service in the whole country are to be
defined later by a decree.

11



2. Operational environment

The new Waste Act proposes an expanded responsibility for waste accounting
(118-1198). Producers with at least 100 tonnes of waste must be aware of waste
amounts from production and products. Reporting is not required. The waste ac-
counting may indirectly encourage innovations in the field of recycling through
enhanced knowledge of waste streams and material efficiency.

End of Waste criteria under which waste could cease to be waste. The purpose
of defining end of waste criteria is to facilitate and promote recycling, ensuring a
high level of environmental protection, reducing the consumption of natural re-
sources and the amount of waste sent for disposal. End of waste criteria will be
applicable to specific waste streams. So far the criteria for iron, steel and alumini-
um scrap have been adopted (Council Regulation EU No 333/2011). Criteria for
scrap copper, waste paper, waste glass, biowaste and plastic waste are under
preparation. EU regulations are binding in their entirety and directly applicable in
Member States.

Ban on landfilling organic wastes to be included in the government decree on
landfill sites is being prepared by the Ministry of Environment. Organic waste is
that able to decompose biologically or thermally such as biodegradable waste and
plastic and rubber waste. The ban is supposed to apply from 2016. The decree will
define limit values for organic carbon in waste, and waste tests are required. The
ban means that waste management companies will be required either to recycle
organic waste, or to utilize it as an energy source, either by burning it directly, or
using it to produce methane through decomposition.

Tax on waste is governed by the new Waste Tax Act (1126/2010) which came
into force from the beginning of the 2011. Tax on waste is levied on waste depos-
ited at public and private landfill sites. The tax is charged at a rate of EUR 40 per
tonne and from the year 2013 it will be EUR 50 per tonne. (Waste Tax Act
1126/2010)

The new waste act specifies the role of material efficiency in environmental
permits. Environmental permits will contain necessary regulations on wastes and
reduction of their quantity and harmfulness. In addition, efficiency in the use of
materials must be taken into account as needed. The Ministry of Environment will
publish guidelines to promote material efficiency in environmental permits.

12



2. Operational environment

The waste hierarchy

The Finnish and European waste legisiabon is awely based on the waste hierarchy. it
Is a theory of the deskalilly of different waste management and treatment stategies.
The first objective acconding to the waste hierarchy is to avoid waste generation. This
can ke dore thiough e.g. sowce reduction (pvoduct and process optimisation)
extended producer responsibilly, as well as by infliencing consumer atttudes. A nother
method of waste reduction is reuse, which Is to use an fem more than once. This
Inclides canvertional reuse where the Rem is used again forthe same function, aswell
as hew-ixe reuse where it is used wih a new function.

When the waste is already gererated, then material recycling is seen as the best
solition for waste treatment. Enewyy recovery is optional ¥ the matenalrecovery isveyy
expensive in companson to other waste treatment methods or more energy intensive
than the production of vigin raw matenais. The best treatment atemative can be found
through LCA and economic analyses of the treatment aternatives. The least favourable
akernative Is final disposal. But it disposal Is necessaw due to lck of a sukabie
treatment method, diposal must be carned outin a sustainable manner.

The waste hierarchy refers to the “3 RS’ of waste management, i.e. reuse, reduce, and
recycle. These classty waste management stategies according to thelr desiabifty.
The aim of the waste hierarchy is to optimise the benefls from products and to
generate the minimum amount of waste.

2.2 Business environment

In 2003 the revenue of the Finnish waste management sector was approximately
MEUR 400, of which 45% and 55% came from the waste management and recy-
cling sectors respectively. The two main services of the waste management sector
are collection and treatment. Although the waste volumes are not forecast to in-
crease in Finland, on-site sorting and recycling is to increase. As seen in many
European countries with maturing waste management, the most successful com-
panies are focusing on an improved service level and holistic waste management

13



2. Operational environment

solutions. In recent years Finnish recycling companies have expanded their activi-
ties abroad, mainly to neighbouring countries, but also to e.g. China. (Huhtinen et
al., 2007.)

European waste volumes are continuously increasing, Frost & Sullivan (2010)
estimate that the MSW generation will increase by 25% between 2005 and 2020 in
EU-25. However, the growth rate is slowly diminishing and soon the waste vol-
umes may also diminish. The value of the waste management market will still
continue to increase, both due to increasing recycling and recovery rates, but also
due to the increased service supply and role of technology providers as well as the
increasing market value of recyclables (Frost & Sullivan, 2006).

Globally, the waste management market will grow, especially in the emerging
and developing countries of Asia, South America and later on also in Africa, where
the simultaneous growth of population and GDP lead to a strongly increasing
amount of waste. According to the estimates of the World Bank, the production of
municipal waste in 2007 alone was 3.8 million tonnes per day in developing coun-
tries and 1.4 million tonnes per day in developed countries (UNRDC, 2009). The
standard of waste management is related to the GDP/person, enabling the devel-
opment of waste infrastructure and the introduction of more advanced technolo-
gies.

As certain raw materials are becoming scarcer, while energy and fuel prices are
increasing, production costs are increasing. Often the production and use of re-
covered raw materials requires a smaller energy input than the production and use
of virgin raw material. As also the prices of recovered materials are often low,
manufacturing industry is increasingly favouring the replacement of virgin raw
materials with recovered materials. In the future this trend is forecast to grow
stronger, further increasing the benefits of on-site separation and recycling.

Waste is increasingly becoming a good which is traded around the world. The
international waste trade is increasing constantly; in 2005, waste import to Finland
was approximately 0.8 Mt and export 1 Mt (SYKE, 2003; 2005). The market driv-
ers of demand and prices of recyclables vary substantially between different mate-
rials. The market prices of recyclables in general follow the world market prices of
corresponding virgin raw materials. The volatility of market prices of recyclables
has, however, always been bigger compared with the prices of virgin raw materi-
als. The supply-demand is one of the most important factors determining the price
level. Price alternations are commonly interconnected with alternations in supply,
although other factors, such as politics and instabilities, as well as oil and energy
prices, tend to impact the market prices of most goods. The recycling market is,
however, far from perfect. Several market inefficiencies have been identified which
affect both the demand and the price of recyclables, as described in Table 1.

14



2. Operational environment

Table 1. Potential sources of recyclables market inefficiency (OECD, 2006).

Causes of market inefficiency

Explanation

Transaction costs in secondary material markets

Arises from the diffuse and irregular nature of
waste generation. May also arise from the
heterogeneous nature of secondary materials.

Information failures related to waste quality

Arises from the difficulty for buyers to detect waste
quality, and the relative ease with which sellers
can conceal inferior quality waste.

Consumption externalities and risk aversion

Perceived costs associated with the quality of final
goods derived from secondary materials relative
to those derived from virgin materials.

Technological externalities related to products

Complexity of recycling due the technical
characteristics of the recyclable material and
products from which secondary materials are
derived.

Market power in primary and secondary markets

Substitution between primary and recyclable
materials may be restricted due to imperfect
competition and strategic behavior on the part of
firms.

The increasing value and importance of recycling in Europe are related to the

following factors (Fisher et al., 2011):

The unit prices have increased in current prices for a decade until the cri-

sis at the end of 2008, and they have recovered since then.

The booming Asian economy has needed more recyclables. The increas-

ing Asian demand has not only been positive for the unit prices of the re-
cyclables, it has also consumed larger and larger amounts of recyclables

generated in the EU.

Different EU directives that specify an increasing percentage of specific

waste types to be recycled in EU Member States have led to an increas-
ing amount of recyclables being put on the market.

With the exception of metal scrap and

fibres (paper and cardboard), most of the

supply in recyclables in Europe is regulation-driven. Regulation affects the supply
in two different ways. The key mechanisms are the mandatory collection and recy-
cling requirements either directly concerning specified materials or indirectly
through extended producer responsibility. Another mechanism is the landfill ban
which has already been adopted in several European countries, and which aims to
force materials higher in the waste hierarchy and thus also supports material recy-

cling.
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2. Operational environment

Improved technology — E fficient separation

Increased efforts to find new scurces
Procucers
Utilisation of poorer quality ore %
Creation of substitutes
Consumers  Increased recycling %’ Reduced demand
Material efficient production
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2. Operational environment

The global markets for plastic waste

Since 1950 the annual global plastic production has increased on average approx. 10%.
Increased consumption impacts the demand for both virgin and recovered raw materials,
while higher energy and oil prices will increase the price of virgin plastic. Plastic recy-
cling has grown in Europe and China during the last decade; in Europe mainly due to the
implementation of stricter waste legislation and in China due to the need for a cheap
plastic raw material. Plastic recycling is quite a labour-intensive process, and China is a
major plastic recycler due to its low labour costs. (WRAP, 2006)

Most of the plastic waste is not suitable for recycling as it is dirty and contains several
different materials and combinations. Cleaning of waste plastic is commonly a costly
process, and separation of different plastic types is labour-intensive if it is even possible.
Thus, plastics waste is mainly used for energy recovery. Sorted PET bottles are homo-
geneous and quite clean; thus, PET bottles make up the majority of the recycled house-
hold plastic waste. Sorted C&I plastic waste can also have an adequate quality for recy-
cling. (WRAP, 2006)

Plastic waste exports to China

The EU exports plenty of plastic waste to China, which has an increasing demand for
plastic waste and is a major player on the waste plastics market; WRAP (2006) esti-
mates that 70% of the global waste plastics end up in China. Currently the Chinese
import of plastic waste is increasing by 500-1,000 kt annually. The global waste plastic
market is illustrated in the Figure below, showing that the majority of the global plastic
waste ends up in China. The global markets for recycled plastic waste is highly depend-
ent on Chinese legislation; currently it is possible to export unwashed plastic waste to
China, but if Chinese legislation requires the plastic to be washed before export the price
of the European waste plastic will increase significantly due to the higher European
labour costs, eliminating exports to China.

EUROPE AMERICAS

Germany
UK
Netherlands
Belgium
Other EU

USA
Canada
Mexico

South America

OTHER

India
SE &S Asia
Australasia
Middle East

The global waste plastics market; a lot of the waste plastics is transported through Hong
Kong to China, mainly due to the easier customs procedures of Hong Kong. (WRAP,
2006)
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3.

3.1

Analysis of selected waste chains

Waste chains and analysis methods

The waste chains analysed were:

Construction and demolition waste (C&D) is all waste other than regu-
lar household waste produced at a construction site. It neither includes
waste reused directly on site without any processing nor waste generated
by the construction industry off-site.

Commercial and industrial waste (C&l) is the waste produced by insti-
tutions, commerce and industry, excluding production and process waste,
and which is comparable to MSW. It is often collected and treated, and
usually reported together with MSW.

Municipal solid waste (MSW) covers waste from households, garden
waste, street sweepings, and the contents of litter containers, as well as
similar commercial and industrial waste.

Waste electrical and electronic equipment (WEEE) originates from
households and industry, it is a very versatile waste fraction and includes
a vast variety of different electrical and electronic items.

End-of-Life vehicles (ELV) is motor vehicles which have reached the
end of their useful lives and are collected for controlled dismantling.

Each waste chain analysis consisted of seven subtasks:

Definition of the waste operational chain and identification of future trends
and requirements.

Market analysis of waste management and recycling technologies, sys-
tems and services, recycled waste fractions and other marketable prod-
ucts as well as the compilation of economic data.

Collection of data on waste generation and composition, current recycling
and quality demands set by legislation, end-users, etc.
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3. Analysis of selected waste chains

Technical analysis, including current technologies and processes, in each
phase of the waste chain, and a more exact schematic description of the
waste chain. The challenges of the current system were pointed out, as
well.

Formulation and definition of base case (current situation) in detail, mate-
rial flow analysis (MFA), preliminary LCA and cost analysis of the base
case.

Comparison of the waste chain (base case) with relevant BREF docu-
ments and other BAT information as well as a deeper BAT analysis of
one waste chain.

Recommendations and insights for further development initiatives and
research goals of the waste chains studied.

The most important methods used in the waste chain analysis were:

Literature review, data collection and interviews for the purpose of mak-
ing an accurate description of the waste chain and the operational envi-
ronment.

Material flow analysis (MFA), a descriptive approach used for a systemat-
ic assessment of material flows and stocks in waste operational chains.
The level of detail varied depending on the target level of the chain anal-
ysis and the availability of data. In most cases the process concepts had
to be simplified because of the lack of data at unit process level. MFA
was also used as a starting point in life cycle assessment (LCA), energy
flow analysis and in the comparison of material flow development scenar-
ios. The MFA analysis tool was STAN2 software developed by the Vien-
na University of Technology and is presented in Appendix 2.

The waste-to-energy (WTE) technologies examined included firing by
grate, fluidized bed or rotary kiln, pyrolysis, gasification, digestion and
fermentation.

Life Cycle Assessment (LCA) is a comprehensive, quantitative approach
to assessing the emissions, resources consumed and pressures on
health and the environment of waste materials during their entire life cy-
cle, from the ‘cradle’ to the ‘grave’. It also quantifies the indirect benefits
of recovering materials and energy from waste. The objective of LCA was
to provide an estimate of the potential impacts of the waste chains and to
highlight the life cycle phases or waste flows causing the greatest contri-
butions to their impacts. The environmental impacts considered the most
relevant and hence important to be included in the LCA performed in the
NeReMa-project were climate change (CC) impacts and the use of natu-
ral resources. Hazardous substances occurring in the waste chains were
assessed quantitatively for the C&D and WEEE chains
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3. Analysis of selected waste chains

Environmental life cycle costing (LCC) is a method for evaluating the total
economic effects of a process, product or technology. It follows the struc-
ture of environmental life cycle assessment (LCA) but looks at the inter-
nalized costs during the life cycle of the system studied. The theoretical
assumptions of traditional LCC differ from LCA regarding, e.g., exclusion

of non-market incidences (e.g., pollution) and the crucial role of time-
frame (i.e., interest rates) in calculations.

Best Available Techniques (BAT) describes the level of environmental
management and environmental protection in industrial operations.

Screening of waste chains from the BAT viewpoint was performed over
C&D and WEEE chains.

3.1.1 Features of the selected operational chains

In the NeReMa project five waste operational chains have been analysed. In order
to create the analyses, the operational features of the operational chain need to be
examined. Besides the differing materials, also differing services, technologies
and stakeholders have been identified for the waste chains. Figure 1 presents a

generalisation of the waste operational chain and Tables 2—4 analysis of the fea-
tures of the five selected operational chains.

AU Colle,.
- Generation
g £
b
/ 0”30
N ‘
Virgin '\’\\b VEEE &0 O//X
O (N
materials 2 nd /[7"
Consumption mixed waste 9
= e
4@0 MSW collection c&l J/CL
: 2
S ELV %
S = k
P Manufacturing
S Material
use
Energy
2 production
= Utilisati
> saton "
% <
% s Processes ¢
o, Raw Incineration o m: \§
i separation
materials Bhemical B Landfill R
Mechanical ¥
Fuel processing | i st £
-, ies processing orage
: pr Biological facilities &
Rejects Materiz|s processing RO
-7 o
. Rejects AN 1=
Management of residues - 0 00>
Recovery service providers

Figure 1. General description of the operational chains.
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3. Analysis of selected waste chains

Table 2. Features of the generation stage of the five selected operational chains.

‘Generation

c&bD cal MSW WEEE ELV
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3. Analysis of selected waste chains

Table 3. Features of the processes stage of the five selected operational chains.

Processes c&bD cal MSW WEEE ELV

Table 4. Features of the utilisation stage of the five selected operational chains.

Utilisation cabD cal MSW WEEE ELV

22



3. Analysis of selected waste chains

3.1.2 Properties of selected waste chains

The selected waste chains have been analysed with MFA to study the current
treatment methods and material potential. A short presentation of the characteris-
tics of the waste chains is given below; more detailed descriptions can be found in
Appendices 3-7.

3.1.2.1 C&D waste

It is estimated that approximately 2 Mt of C&D waste was generated from con-
struction sites in 2007 in Finland. Figure 2 illustrates the material content of the
C&D stream, and Figure 3 the results of the MFA analysis. The main materials
utilised from the C&D stream are metals, which are sold as scrap to be used as
raw materials, as well as mineral waste, which is used mainly in infrastructure
construction and as aggregates in concrete production. C&D is commonly quite
mixed and contaminated, which complicates the material recovery.

H Wood
B Mineral
m Metal
M Other

Figure 2. The average material content of the C&D chain. Others include e.g.
gypsum, glass, plastic, packaging, mixed waste and hazardous waste.
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Figure 3. Results from the MFA analysis of C&D waste generation and treatment.
Others include e.g. gypsum, glass, plastic, packaging, mixed waste and hazard-
ous waste. After treatment, approximately 38% of the C&D stream is recycled as
material, 35% recovered as energy, 6% utilized at landfills and 21% landfilled.

The main hazardous substances in C&D waste are phenols, asbestos, lead-based
paints (LBP), polychlorinated biphenyls (PCB) and polycyclic hydrocarbons (PAH)
(Monier et al., 2011). The use of asbestos, PAHs, LBPs and PCBs is restricted,
and asbestos and PCBs are required to be collected separately but may still enter
the mixed C&D waste stream. An important characteristic of the hazardous sub-
stances in construction and building products is the relatively long life span of the
articles, also their use in a wide range of building products (OECD, 2011). The
quantity of hazardous wastes in C&D waste is around 1%, but they can hinder the
recycling of materials. Hazardous substances may be released into the environ-
ment for example during the demolition of buildings and the crushing and sieving
of C&D waste. Potentially hazardous substances entering the environment in-
creases when mixed C&D waste is treated outside. Studies have shown that haz-
ardous substances, e.g. heavy metals, can also leach from landfiled C&D waste
(Fatta et al., 2003; Hellman & Isoaho, 2006).
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Figure 4. Estimations of C&D waste from construction, renovation and demolition
activities in Finland [1000 t/a] 1990—2010 (Perala et al., 2006; Perala & Nippala,
1998; Statistics Finland 2011a, 2011b; Eurostat, 2010).

Figure 4 presents C&D waste generation trends in Finland in 1990-1997 and
2000-2004, and indicates that rehabilitation activities have grown while construc-
tion and demolition activities have been rather stable since 1995. It can be as-
sumed on the basis of the age distribution of the Finnish housing stock that reha-
bilitation activities will continue to grow. Rehabilitation activities generate more
wood and metals, but less minerals than the other C&D activities. On the other
hand, large apartment buildings from the 1960s and 1970s are getting older and
increased demolition might generate more minerals (Kojo & Lilja, 2011). Table 5
presents the current composition of C&D waste, as well as estimations for two
future scenarios.

e Scenario 1 presents increased renovation while demolition remains sta-
ble. The wood fraction would increase as well as metal content, while
minerals would decrease.

e Scenario 2 presents increased demolition while renovation remains sta-
ble. The mineral fraction would increase, while wood and metal would
decrease.

Table 5. The composition of current state and two scenarios.

Current Scenario 1 Scenario 2
Metals % 13.5 15 10
Minerals & Concrete % 35 20 50
Wood % 36 45 20
Other % 15.5 20 20
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3. Analysis of selected waste chains

In Figure 5 a comparison of treatment methods of the current state and two scena-
rios have been presented. The major difference in the two scenarios is that Sce-
nario 1 has a higher energy utilization rate than Scenario 2. Considering that EU
Waste Framework directive (EU, 2008a) requires 70% material utilization by 2020,
neither scenario will achieve this without changes in processing and in sorting. In
Scenario 1 a considerable amount of the waste is wood (45%), which is utilized as
energy. This means, that with current treatment methods, the 70% material utiliza-
tion cannot be achieved rationally in Scenario 1. Even though the wood fraction
would decrease below 30%, the processing to achieve 70% material utilization
would be extremely challenging since the amount of REF produced in the treat-
ment of miscellaneous waste is too high. This means that, in order to achieve the
requirements of the directive, the focus of the C&D waste treatment needs to
change from REF production and energy utilization into material utilization.

100 % -
80 % -
60 0, i I I . -
% 0,35 0,22
0,431
0% +— ——————— EEm—— —
20% +— 038 -~ 044
0,271
0 % T T 1
Current state Scenario 1 Scenario 2
Material utilization Energy utilization
| Utilization at landfills ® Landfilling

Figure 5. Results from the MFA analysis of the current and two alternative future
waste generation scenarios.
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Characteristics of C&D waste

A typical feature of C & D waste is that it is not continuously generated, and its charac-
teristics varies due to the site-specific conditions. C&D waste is commonly very hetero-
geneous, with a high mineral composition and a low content of combustible and biologi-
cally degradable matter. (Monier et al., 2011) In northern Europe, wood is the main
construction material, whereas brick and concrete dominate elsewhere. As energy
recovery is not seen as recycling in the EU waste framework directive (EU, 2008a),
Finland will have some problems achieving the 70% recycling rate.

C&D wastes are generated at three types of construction sites: renovation (27%), demo-
lition (67%) and construction (16%) (Environment, 2009). Each of these sites produces
waste with different composition and characteristics. The waste streams of construction
sites are mostly clean material surpluses which are not mixed and contaminated. Demo-
lition and renovation waste, on the other hand, is mixed and contaminated and thus also
more difficult to recover. (Monier et al., 2011)

The C&D waste is commonly collected and transported to the treatment facilities directly
from the construction site by the contractor. The quality of the waste is influenced by the
performance/specifications/requirements of selective demolition. The further processing
generally includes only mechanical processing and further refining or utilization as mate-
rial or as fuel in energy production. In all steps some rejects are generated.

3.1.2.2 C&l waste

Ca&l is often collected and treated, and usually reported together with MSW, which
is why the future scenarios for C&l waste generation and treatment are reported
together with the MSW. The average annual C&l generation is approximately 1 Mt.
Figure 6 illustrates the material content of the C&l stream. Currently approximately
35% (350 000 tonnes) of the C&l stream is collected as mixed waste, and the
content of the mixed waste is presented in Figure 7. Of the mixed waste, approxi-
mately 75% is landfilled, 7% is incinerated at mass incineration plants and the
remainder is recycled and recovered as RDF.

C&l waste is very similar to MSW, but the fractions, especially plastics and
metals, can be cleaner than the same fractions in MSW. The quantities of similar
materials can also be larger than in MSW, which makes some of the fractions
good for recycling. Especially metals, paper and cardboard are recycled, while the
majority of the biowaste is landfilled. Figure 8 presents the results of the MFA
analysis. (The data of the glass fraction is not very reliable, while the paper and
cardboard is the most reliable of all fractions with several similar references.)
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Figure 6. Composition of the C&l waste stream; others include C&D and hazard-
ous waste.
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Figure 7. Composition of the C&l mixed waste; others include C&D and hazard-
ous waste.
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Figure 8. Results from the MFA analysis of C&l waste generation and treatment.
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Characteristics of C&I

The composition of commercial and industrial waste varies a great deal according to the
origin of the waste. The main producers of C&l waste are offices, schools, restaurants,
hotels, hospitals and retail stores. The main fractions of commercial waste are similar to
those of municipal solid waste, but the shares of different fractions are different.

Different entities produce and recycle different fractions. Recyclables from C&l consist of
plastics, paper, cardboard, metals, and glass, which are suitable for recycling and reuse.
Plastics, paper and cardboard are also suitable for incineration but this is not a preferred
option for handling waste according to EU waste hierarchy (Waste Framework Directive,
2008/98/EC). The waste which is not source-separated as pure material fraction ends up
usually in mixed waste or is source-separated as energy fraction or biowaste.

3.1.2.3 MSW

The average annual MSW generation per capita in Finland is approximately 500
kg, of which the household waste makes up approximately 60% and the C&l the
remaining 40%. In total approximately 2.5 Mt of MSW was generated in 2008 in
Finland. Figure 9 illustrates the material content of the MSW stream (including C&l
waste). However, currently approximately 60% of the MSW stream is collected as
mixed waste, and the content of the mixed waste is presented in Figure 10.

M Paper and cardboard
M Bio waste
B Glass
Metals
H Wood
M Plastics

Electrical & electronic equipment

Others

Figure 9. Composition of the MSW (including C&l) waste stream. Others include
e.g. textiles and clothing, sanitary towels and nappies, mixed packaging, other
combustible waste, other non-combustible waste, mixed waste (not packaging)
and hazardous waste.
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Figure 10. Content of the mixed MSW. Others include e.g. textiles and clothing,
sanitary towels and nappies, mixed packaging, other combustible waste, other
non-combustible waste, mixed waste (not packaging) and hazardous waste.

Figure 11 presents the results of the MFA analysis. MSW treatment in Finland is
still based mainly on landfilling of mixed waste, although paper, glass and metals
are rather efficiently separated and recycled. Biowaste separation is rather com-
mon and steadily increasing. In the past a decrease in landfilling and an increase
in recycling and especially incineration have been seen.
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Figure 11. Results from the MFA analysis of MSW (including C&l) waste genera-
tion and treatment. Others include e.g. textiles and clothing, sanitary towels and
nappies, mixed packaging, other combustible waste, other non-combustible waste,
mixed waste (not packaging) and hazardous waste.

The MSW generation (including C&l) of a nation is commonly interconnected with
its wealth; as a country develops, its waste generation increases, to slowly de-
crease when a certain level of prosperity is reached. In some of the European
countries, indications of decoupling are already seen, and even in Finland it
seems that the MSW amounts may be decreasing (Figure 12). The most signifi-
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3. Analysis of selected waste chains

cant changes in MSW composition result from the development of packaging
materials and reduction in paper use. The share of plastics in MSW has been
growing, and a further increase is expected. The market share of bio-based plas-
tics will also slowly rise. The use of glass packages is expected to decrease due to
substitution with plastics or other materials.
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Figure 12. Development of MSW generation and treatment in Finland and the
interconnection between MSW and GDP in Finland during the years 1997-2010
(Statistics Finland 2011a; 2011b).
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Figure 13. Three prognoses for MSW stream composition changes by the year
2030 (based on Moliis et al., 2009)

31

W Other fractions
M Metal
m Textiles
Glass
M Plastic
Paper waste

M Biowaste



3. Analysis of selected waste chains

Figure 13 presents the estimates of composition changes from three different
forecast methods. Three different MFA scenarios were modelled; both quantity
and composition changes has been considered in the modelling. Only changes
compared with the current state have been made on the quantities and composi-
tion, none with efficiencies. In addition, the models were run to estimate the situa-
tion in 2020. In Table 6 the compositions and quantities of MSW (including C&l)
scenarios and current state are presented.

1997-2007 IPAT' (Moliis et al., 2009). The 1997-2007 IPAT which simp-
ly follows the trend measured shows a slight increase in total waste
(+10%) with paper waste being the only diminishing fraction (-16%). Sort-
ing is estimated to remain as efficient as it is in the current state. Card-
board and paper fraction is assumed to distribute similarly as in the cur-
rent model (appr. 70% paper, appr. 30% cardboard). REF and energy
use streams are higher in Scenario 1 than in the current model, since
they also include the wood fraction.

Expert Team Estimate. The Expert Team Estimate shows a more rapid
growth (+ 16%) with biowaste (+ 24%) and plastics (+32%) growing rap-
idly and glass being the only diminishing fraction (-10%). The model of
Scenario 2 is similar to Scenario 1 except for the sorting distribution
which is different due the differing composition of the waste.

The Finnish National waste plan has set a goal of cutting MSW produc-
tion to the year 2000 level by 2016. The National Continuous Waste Plan
expects all fractions except plastics (+ 7%) to diminish rapidly (-22% total
waste decrease). The model is otherwise the same as in previous sce-
narios except for the sorting distribution. In addition, the entire waste
quantity is significantly smaller than in previous scenarios.

Table 6. Estimated compositions and quantities for 2020 based on three scenarios
and the current situation.

Current (2008) Scenario 1 Scenario 2 Scenario 3
MSW t/a 2 706 646 2 811 000 2 897 000 2 255 000
Metals % 4 3 3 3
Glass % 5 7 6 6
Paper % 25 21 23 22
Organic waste % 33 36 37 32
Other % 33 33 31 37

"IPAT is a simple forecast model based on the following equation: | = P*A*T, where | =

population, A = GDP and T = Technology level factor, here MSW/BKT. In 1997-2007 IPAT T
is based on development between years 1997-2007.
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In Figure 14, a comparison of the quantities for different utilizations and losses
(exhaust gases from composting) as well as landfilling are presented for the cur-
rent state and three scenarios. The MSW quantity produced will increase in Sce-
nario 1 and 2, while in Scenario 3 the quantity will decrease compared with the
current state. Approximately 1.55 Mt/a of MSW will be landfilled in future (Scenari-
os 1 and 2) if the efficiencies of the processes do not change. Based on the esti-
mation of the National Continuous Plan (Scenario 3), the landfiled MSW amount
would decrease to 1,2 Mt/a from current 1,47 Mt/a. The quantity of MSW directed
for material utilization would be between 430 kt/a and 550 kt/a. Energy utilization
and incineration would together be between 440 kt/a and 540 kt/a.
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Current Scenario 1 Scenario 2 Scenario 3
B Material utilization " Energy utilization Incineartion
M Losses H Landfilling

Figure 14. Utilization, loss and landfilling quantities for different scenarios.

Since the separation and sorting efficiencies are not changed, the utilization rates
are in the same category as in the current situation. Some small differences can
be noticed in the rates, since the MSW composition is slightly different in each
scenario. Utilization rates and shares of losses as well as landfilling are presented
in Figure 15. The composition and quantity changes seem not to have a major
effect on the utilization rates; the results of Scenarios 1 and 2 in particular are
rather similar. The only noticeable difference between these scenarios is the high-
er material utilization rate in Scenario 2, which may be caused by the higher paper
share in the MSW composition. Scenario 3 differs more from the previous scenari-
os both in composition and results. The higher energy utilization may be caused
by a greater share of “other” fractions, which have higher energy utilization rates
than the other waste fractions. In addition, a smaller share of losses in Scenario 3
is probably caused by a smaller proportion of organic waste in the MSW composi-
tion.
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Figure 15. Utilization efficiencies, loss and landfill shares.

3.1.2.4 WEEE

The WEEE stream is commonly divided based not on materials but on the catego-
ries defined in the WEEE-directive (EU, 2003). Figure 16 illustrates the breakdown
into the categories of WEEE for the generated WEEE before separation into the
reuse/storage and collection streams.
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m Category 1 - Large Household Appliances
m Category 2 - Small Household Appliances
m Category 3 - IT and Telecommunications Equipment
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m Category 6 - Electrical and Electronic Tools
m Category 7 - Toys, Leisure and Sports Equipment
m Category 8 - Medical Devices
Category 9 - Monitoring and Control Instruments
m Category 10 - Automatic Dispensers

Figure 16. Breakdown of average arising WEEE categories in 2005 (United Na-
tions University, 2007). The breakdown of the WEEE entering the waste stream
will differ from this due to different collection rates of the different categories.

The collection of WEEE in Finland was approximately 54 kt in 2008 (Eurostat,
2008). Figure 17 illustrates an estimation of the material content of the collected
WEEE. The utilisation rate of the WEEE stream is quite high, as can be seen in
Figure 18. The Finnish legislation recommends reuse before recycling for all
waste, but only a very small amount of the collected WEEE is reused. In reality the
rate of WEEE reuse is higher, due to devices handed on to relatives or friends
when purchasing new ones; another common alternative is to store old appliances
in case of later need instead of discarding as waste. Also a part of the WEEE is
collected with the mixed waste. These reused/stored items do not enter the WEEE
waste stream, and therefore is not part of the statistics for collected WEEE. How-
ever, this alone cannot explain the high rate of WEEE missing from the statistics.
(Ignatius et al., 2009.)
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Figure 17. Composition of the collected WEEE (United Nations University, 2007).
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Figure 18. Assessment of the treatment of WEEE; note the logarithmic scale
(Eurostat, 2008). (The results of the MFA analysis of the WEEE chain will be pub-
lished in a separate report.)

In this research the focus is on the material value of the waste, and two groups of
devices are examined: high and low value WEEE products. Low value WEEE
products are composed mainly of small household appliances, such as vacuum
cleaners, toasters or coffee machines (devices with a lot of plastic parts and only a
small amount of valuable materials). High value WEEE products compose mainly
of metals, plastics, printed circuit boards, cables and wires, power supplies, DVD
and CD stations, hard drives and batteries. Most of the value in high value prod-
ucts lies in the printed circuit boards. The material contents of two examples rep-
resenting high and low value WEEE are presented in Figure 19.
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Figure 19. Two examples of the composition of low and high value WEEE, to the
left a PC represents high value and to the right a coffee machine represents low
value WEEE (Chancerel & Rotter, 2009).

The hazardous substances of WEEE include heavy metals (e.g. lead, mercury,
cadmium, chromium), PCB, flame retardants among others (Ogilvie, 2004). Stor-
ing WEEE outside exposes equipment to wear and sun radiation and enables, for
example, phthalates and brominated flame retardants (BRFs) to migrate to the
environment producing the risk of soil contamination. In separation and shredder
processes, heavy metals and BRFs can be released but also dioxin formation can
occur due to heat and high pressures developed in the processes. There is also a
risk of the emission of ozone-depleting substances through improper handling of
cooling and freezing appliances. In the incineration process, some environmentally
hazardous organic substances (e.g. BFRs) are converted into less hazardous
compounds, but there is a risk of emission of dioxins as well as a risk of volatile
heavy metals and their oxides. (Crowe et al., 2003)

Waste electrical and electronic equipment consists of a large amount and varie-
ty of recyclable materials. The concentrations of most valuable materials are very
small and becoming even smaller. In the future, more electronics will be found in
other sources than consumer appliances, including end-of-life vehicles, demol-
ished buildings, infra networks, etc. The consumption of critical metals in energy
applications, such as permanent magnets, solar panels, etc. is expected to grow
considerably.

The amount of waste electrical and electronic equipment, WEEE, is probably
the fastest growing waste stream in the EU. The amount is expected to grow from
8.3-9.1 million tonnes in 2005 and to roughly 12.3 million tonnes by 2020. Both
the numbers of electrical and electronic devices put on the market as well as the
amounts collected are growing steadily, as is shown in Figure 20. The lifespan of
different products as well as for the different categories varies. |.e. for computer
products the average time in use is 5-6 years (EuP, 2007). The expectation of a
growing amount of WEEE in the future is based on the growth on electrical and
electronic equipment put on market (at present) in combination with the expected
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lifespan of each product. This explains the fact that the amounts put on the market
are much larger than the amounts collected. (Eurostat, 2008)
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Figure 20. EEE and WEEE put on the market and collected in Finland, develop-
ment 2005-2008 (Eurostat, 2008).

Characteristics of WEEE

Waste electrical and electronic equipment originates from households and industry.
WEEE is a very versatile waste fraction and includes a vast variety of different items.
WEEE items are divided into 10 categories, with several items in each category. (Di-
rective 2002/96/EC) These categories are defined by the type of product or the intended
use of the product, and not by the type of material composition of the items or similar
treatment options, which would be more logical from a waste management viewpoint.

Waste electrical and electronic equipment consist of a large number and variety of
recyclable materials, some of which are valuable, as well as a considerable variety of
hazardous materials (Térn et al., 2010). Typical materials are various metals, plastics,
composite materials, and glass. The most valuable components contain metals with a
high market value, while some items mainly consist of plastic which can be used for
energy recovery (United Nations University, 2007). The hazardous substances of WEEE
include heavy metals, PCB and flame retardants among others (Ogilvie, 2004).

3.1.25 ELV
The End-of-Life vehicle (ELV) waste generation in Finland was approximately 64
kt in 2011 (Data source: Finnish Car Recycling, 2012a). Figure 21 illustrates the

material content of the ELV stream. Currently, mainly the metals (75%) are recov-
ered as raw materials, the remaining 25% which is called Automotive Shredder
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Residue (ASR or SR) or car fluff, is in Europe classified as hazardous waste
(Vermeulen et al., 2011). ASR is made of plastic (19-31%), rubber (20%), textiles
and fibre materials (10—-42%) and wood (2-5%), which are contaminated with
metals (8%), oils (5%), and other substances, some of which may be hazardous
(about 10%), e.g. PCB, cadmium and lead. (Nourreddine, 2007) The standard
method of ASR disposal has been landfilling, now limited by the stringent legisla-
tion and the objectives/legislation related to ELV treatment of various countries
and imposes an increased efficiency on the recovery and recycling of ELVs.

Other

Glass 2.8 %
Fluids 0.8 %
Miscellaneous 1.9 %
Other, total: 5.5 %

Metal

Steel sheet 41 %

Plain steel 18 %

Cast iron 7%

Stainless steel 1%
Aluminium 7 %

Zinc, copper, lead 1.5 %
Metals,total: 75.5 %

Organic compounds
Plastics 9.1 %

Rubber 6 %

Textiles 0.9 %
Adhesives, paints 3 %
Organic compounds,
total: 19.0 %

Figure 21. Average material content of ELV (data source: Finnish Car Recycling,
2012b).

On a new vehicle, for which component parts, materials or both can be taken into
account, the calculation of the recyclability and recoverability rates are carried out
through four main steps: depollution, dismantling, metals separation and non-
metallic residue treatment (ISO 22628:2002). Depollution concerns about 3% in
weight of ELV materials; it consists of the removal of batteries, fluids, heavy met-
als containing components, or potentially explosive elements (e.g. airbags) (Mor-
selli et al., 2010). During dismantling, parts and materials are removed for recov-
ery. The materials removed at this stage range from 9% for old (natural) ELVs to
47% for new (premature, e.g. damaged) (Morselli et al. 2010). The treatment of
the recovered materials of the dismantling process is illustrated in Figure 22. The
remaining materials are shredded, after which materials are separated, based on
physical and optical properties. The residue (ASR) consists of approximately 25%
of the ELV mass, which is partly incinerated and partly landfilled. The treatment of
the materials in the shredding process is illustrated in Figure 23.
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Figure 22. Assessment of the materials recovered at the dismantling and depollu-
tion stage (European Commission, 2012d) (The results of the MFA analysis of the
ELV chain will be published in a separate report).

tonnes
60000 M Recycling -
50000 - Energy recovery —

40000 - W Treatment and final disposal

30000 -

20000 A
10000 -+
0 <

Ferrous scrap (steel) from Non-ferrous materials (Al, Cu, Shredder Light Fraction (SLF)
shredding Zn, Pb, etc.) from shredding

Figure 23. Assessment of the recovered materials from the shredding process
(European Commission, 2012e). (The results of the MFA analysis of the ELV
chain will be published in a separate report.)

Every year, ELVs generate between 8 and 9 million tons of waste in the EU (Eu-
ropean Commission, 2012a). In 2007 about 73 million vehicles were produced
worldwide. Compared to about 38 million vehicles produced in 1980, the world-
wide production for cars is growing steadily (Vermeulen et al., 2011). The projec-
tion in Figure 24 shows that the number of ELVs for the EU25 will probably in-
crease by 45% between 2005 and 2030. Taking into account the mass of export of
used cars, which is about 2 million, it can be expected that by 2030 the total mass
of ELVs generated per year in the EU25 will reach 14-17 million tonnes. (Ver-
meulen et al., 2011.)
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Figure 24. Projected number of End-of-Life vehicles in the period 2005-2030 for
the EU member states without Romania and Bulgaria (EU25), for the older EU
countries (EU15) and for the new EU countries (EU10) (Vermeulen et al., 2011)

In the future, based on changes already made in vehicle design in order to reduce
the environmental impact of cars and to increase sustainability, both the weight
and composition of ELV will change. The average weight of ELVs will increase,
and the share of an ELV by weight accounted for by plastics will increase while the
share accounted for by ferrous metals (mainly steel) will decline. However, the
absolute weight of metals will increase. (European Commission, 2006a)

ASR recovery: Under evaluation by both car producer and recycling companies
at this time, great innovations are expected in the next few years, i.e. concerning
material separation enhancement, thermo-chemical conversion (gasification and
pyrolysis) and recycling/recovery routes of the residue (Vermeulen et al., 2011).
Possible upgrading by secondary recovery techniques can produce a fuel- or filler
grade ASR (the application in waste-to-