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1

Introduction

This report is meant to be a short explanatory background document for a Power Point
presentation held at the “sustainability platform” of PlasticsEurope on February 27 th
(draft version), on June 11th 2014 (extended and improved version), and subsequently
finalised until July 23rd 2014 (final version). It is not an LCA or CBA (cost-benefit analysis) study in itself, but rather summarises results of such previous studies and presents
those results in a new form.
Based on the experiences of these earlier studies, some simple decision criteria for the
identification of eco-efficient plastic recycling and recovery options are proposed. In addition maximum eco-efficient recycling levels (ranges) for all important plastic waste
streams are roughly estimated. To identify these recycling limits in detail, some additional LCA and CBA studies are needed as a next step as described in chapter 6.3.
The report intends to contribute to a constructive, fact based dialog on eco-efficient and
sustainable strategies and targets for recycling and recovery of plastic waste.

2

Influence of recycling rates on resource efficiency
of packaging

To measure resource efficiency of packaging, various parameters can be investigated. A
starting point is the packaging mass per kg packed good. From an LCA perspective, environmental impacts like global warming potential and cumulative energy consumption are
especially relevant for plastic packaging and have to be quantified for the same amount
of equal packed goods in the total life-cycle. Two of such assessments are presented below.

2.1

Scope and sources of packaging resource efficiency calculations (slide 3)

The following graphs compare the resource efficiency / energy efficiency / carbon footprint efficiency of packaging per kg packed good for plastic packaging compared to alternative materials in the total life-cycle for two selected scopes:



all plastic packaging and respective alternatives, waste management varied from
2007 residual waste management + zero recycling to estimated optimum recycling and residual waste management situation
PET bottles vs. alternative materials, waste management varied from estimated
worst to estimated optimum situation

Results were calculated with the model elaborated for the Denkstatt study “The impact of
plastic packaging on life cycle energy consumption and greenhouse gas emissions in Europe” [Denkstatt 2011]. The model first produces results per kg of packaging, which are
then combined with data for (average) packaging mass per kg packed good.
For all plastic packaging such average data were contributed by [GVM 2014]
(www.gvmonline.de): 22 g of plastic packaging are needed on average to pack 1 kg of
goods.
Other important data sources and assumptions used for the investigated examples:
All plastic packaging and alternatives
The basic data and assumptions of this comparison are described in [Denkstatt 2011].
According to the substitution model developed by the German market research institute
GVM (based on 32 packaging categories, more than 70 different materials, and a database containing 26,000 data sets of packaging materials, sizes, volumes, and masses) in
[Denkstatt 2011], 1 kg of plastic packaging can be substituted by a mix of alternative
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packaging materials as given in Figure 1. This mix represents the market mix of alternative packaging for goods packed in plastics in 2007 in Germany.

Figure 1:

Composition of packaging materials for substitution of plastic packaging

To produce the results presented below, some parameters in the Denkstatt model were
changed or varied:


Impacts of PET production were taken from the respective updated eco-profile of
PlasticsEurope (2010)



Credits for open loop recycling were only allocated with 50 % to the investigated
packaging applications. Recycled content in packaging production is taken into account as well for PET bottles (20 % of recycled waste is considered as closed loop
recycling) and for alternative packaging materials (the overlap of recycled content
and recycled waste is considered as closed loop recycling).



Waste management situation in 2007 (reference year of original Denkstatt study):
27 % recycling rate for plastic packaging, 60 % for steel, 25 – 50 % for aluminium, 50 – 60 % for glass, 50 – 85 % for paper and cardboard (recycling ranges
depending on application sector). 65 % of residual waste was put to landfills, 35
% to municipal solid waste incineration (MSWI).



Assumptions for optimum waste management conditions: 50 % plastic recycling
(78 % for commercial films, 65% for beverage bottles, 60 % for other bottles, 42
% for other packaging); 90 % steel recycling, 60 % aluminium recycling, 90%
glass recycling, 85 % paper and cardboard recycling. 70 % of combustible residual waste is going to MSWI, 30 % to industrial energy recovery (cement kilns, fluidised bed combustion, etc.).

The assumption of 50 % recycling for plastic packaging already reflects a very extreme
situation. The potential of reasonable, eco-efficient recycling might very well be lower
(see section 6.2), and recycling beyond 50 % will not show environmental benefits if realised at reasonable costs (see mixed plastic recycling, section 4.2)
PET bottles vs. alternative materials
For the average PET mass per litre of beverages packed in PET today (all beverage sectors, all filling volumes) an Austrian value of 28 g per litre was used. The number is
Criteria for eco-efficient plastic recycling
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based on beverage statistics used for the “Austrian sustainability agenda for beverage
packaging”, where Denkstatt is commissioned to monitor changes in beverage packaging
(and resulting GHG emissions) from 2008 – 2017.
According to the substitution model developed by GMV and Denkstatt in [Denkstatt
2011], 1 kg of PET can be substituted by a mix of 14 kg Glass bottles, 40 g Steel cans,
90 g Aluminum cans, and 80 g beverage carton. The mixture of materials represents
partly German and partly EU market conditions in the same beverage categories in
2007.1
Waste management assumptions for 2012:




PET recycling: www.petcore-europe.org: 52 % collection rate times 90 % sorting
rate (assumption) for recycling = 47 % recycling
Recycling other materials: glass 71 % (Eustat for 2011), steel 70 %, aluminium
50 %
Packaging collected with residual waste: 50 % MSWI, 50 % landfill

Waste management assumptions for optimum situation:



Recycling: PET 65 %, glass and steel 90 %, aluminium 60 %
Packaging collected with residual waste: 50 % MSWI, 50 % industrial energy recovery

Worst case waste management assumptions: 0% recycling combined with 100% landfill
(energy) or 100 % MSWI (GHG emissions).

1

Beverage substitution model includes 10 % refillable share in both options (for details see [Denkstatt 2010]).
Here different materials are compared; this should not be mixed with different assumptions on distribution
systems.
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2.2

Results for average plastic packaging (slides 4 – 6)

The results presented below show that recycling rates are just one influence on the overall resource efficiency of packaging. Compared to the main effects of



material choice (packaging mass per kg packed good x impact per kg packaging mass)
effects in the use phase (like a better performance regarding prevented food losses)

the contribution of recycling is often small. As a consequence, even packaging with low
recycling rates can show the highest resource/energy/GHG efficiency.
The following graphs show the results for the comparison of all plastic packaging with the
respective mix of alternative materials.
Energy Resource Efficiency of average plastic packaging compared to alternative materials:

Figure 2:

Average life-cycle energy demand of plastic packaging per kg of product
packed in plastic today, and of mix of alternative packaging for the same
products (material mix as used on the market). Influence of waste management is shown, including changes in residual waste management; parameters are described in previous section.

In 2007 the energy resource efficiency of plastic packaging was 1.9 times higher than the
efficiency of alternative packaging materials (even if plastic recycling rate was lower).
The energy saving already realised by the switch from other materials to plastic packaging is 3.3 times higher than the remaining potential for higher plastic recycling.
Please note that the calculation also includes use-phase benefits, which already outweigh
part of the production impact. Therefore the column with 0% recycling is already smaller
than the pure production impact, which lets the effect of recycling appear bigger than
compared to 100 % production impact without including use benefits.
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Carbon Footprint Efficiency of average plastic packaging compared to alternative materials:

Figure 3:

Average life-cycle GHG emissions of plastic packaging per kg of product
packed in plastic today, and of mix of alternative packaging for the same
products (material mix as used on the market). Influence of waste management is shown, including changes in residual waste management; parameters are described in previous section.

In 2007 the carbon footprint efficiency of plastic packaging was 2.6 times higher than the
efficiency of alternative pack-aging materials (even if plastic recycling rate was lower)
The GHG reduction already realised by the switch from other materials to plastic packaging is 9.2 times higher than the remaining potential for higher plastic recycling.
Absolute energy and GHG savings realised by plastic packaging in EU-27 in 2012
The benefits of plastic packaging (differences to results of alternative materials) shown in
figures above are:


57.8 MJ/kg plastic packaging



3,3 kg CO2e/kg plastic packaging

Combined with the plastic packaging mass produced in EU-27 in 2012 (18,1 Mill. tonnes,
[PlasticsEurope 2013]), the resulting absolute energy and GHG savings realised by plastic packaging in EU-27 in 2012 are


Energy benefit:



GHG benefit: 60 Mill tonnes CO2e/a

2.3

1045 Mill GJ/a

Results for beverage bottles (slides 7 – 8)

The following graphs show the results for the comparison of plastic beverage bottles with
the respective mix of alternative materials.
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Energy Resource Efficiency of different options to pack drinks which are offered
in plastic today:

MJ per liter of beverage
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0% recycling
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400 g
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pack.
materials
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28 g
plastic
per liter

65% recycling

0,0
Plastic bottle
Figure 4:

Alternative material

Average life-cycle energy demand of PET bottles per litre of beverage for
drinks packed in plastic today, and of mix of alternative packaging for the
same drinks (material mix as used on the market today). Influence of
waste management is shown, including changes in residual waste management; parameters are described in previous section.

Today the energy resource efficiency of plastic bottles is 2.9 times higher than the efficiency of alternative pack-aging materials (even if plastic recycling rate is lower)
The energy saving already realised by the switch from other materials to plastic is 14
times higher than the remaining potential for higher plastic recycling.
Carbon Footprint Efficiency of different options to pack drinks which are offered
in plastic today:
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Figure 5:

Alternative material

Average life-cycle GHG emissions of PET bottles per litre of beverage for
drinks packed in plastic today, and of mix of alternative packaging for the
same drinks (material mix as used on the market today). Influence of
waste management is shown, including changes in residual waste management; parameters are described in previous section.

Today the carbon footprint efficiency of plastic bottles is 4.6 times higher than the efficiency of alternative pack-aging materials (even if plastic recycling rate is lower)
The GHG reduction already realised by the switch from other materials to plastic is 22
times higher than the remaining potential for higher plastic recycling.

2.4

Tangible results (slides 9 – 11)

Here the absolute energy and GHG savings realised by plastic packaging in EU-27 in
2012 as presented in section 2.2 are transformed to “tangible units”.
Energy benefit: 1045 Mill GJ/a are equivalent to


23 Mill tonnes of crude oil, transported in



195 ultra large crude oil tankers, lined up for 89 kilometres;



heating and hot water for 41 million people (half of Germany) for a year;



the primary fuel input of 10 nuclear power plants with 1.000 MW

Conversion factors are documented in [Denkstatt/GUA 2005].
GHG benefit: 60 Mill tonnes CO2e/a are equivalent to


331 billion car kilometers
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22 million cars less on the road 2



comparable to the total greenhouse gas emissions of Norway (50 Mt) or Ireland
(69 Mt) [http://carbonfootprintofnations.com/content/
carbon_footprint_worldwide_1990_2010_/]

2.5

Conclusions (slide 12)

1. Resource/energy/GHG efficiency of packaging can be high (best)
even with low recycling rates
2. The influence of waste management options on packaging resource
efficiency is usually smaller than the influence of material choice
3. Resource efficiency of plastic packaging is considerably higher than
that of alternative packaging for the same goods, even with lower
recycling rates
4. The material/energy/GHG reduction already realised by the switch
from other materials to plastic packaging is often several times
higher than the remaining optimisation potential for higher plastic
recycling

2

Only direct CO2 emissions from fuel, based on a fuel consumption of 7 litres per 100 km and an average annual usage of 15,000 km per car.
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3

Aspects and Methodologies to Identify Eco-efficient
(Sustainable) Recycling Potentials

3.1



Important aspects related to sustainable recycling criteria
(slide 14)
Environmental benefits of main recycling & recovery options




Economic aspects, eco-efficiency, cost-benefit balance




High quality recycling vs. “down-cycling”3; quality of products containing
recyclates (both reflected in market prices of recyclates); export of waste;
usage of permitted facilities, safeguarding quality of imported recyclates

Sustainable management of substances / additives




Do environmental benefits of increased recycling justify additional costs?

Quality of recyclates, market demand/potentials for using recyclates




Does a simple hierarchy for plastic waste recovery options exist?

REACH/RoHS and recycling;
concentration, dissipation, and final sinks of substances

Social issues


Social costs of separate collection (time, space & costs in households)



Working conditions in sorting plants



Health, safety, convenience of consumers using recycled



Common understanding and commitment in stakeholder groups

The first two aspects are covered by the following report; the aspect of quality of recyclates is also covered by the economic data of cost-benefit analyses; sustainable substance management and social issues will not be discussed in detail in this document.
Excursus: sustainable management of additives
Sustainable substance management (including conflicts around “Reach and Recycling”) is
one of the key aspects within the criteria for sustainable plastic waste management. But
so far no quantitative parameter is available to show, how different waste management
options deal with substances (of concern) in a more or less sustainable way.
Prof. Rechberger at the Technical University of Vienna has developed a rather simple
methodology to measure increasing or decreasing entropy of substances (i.e. concentration versus dilution of substances) by a quantitative indicator which is called the “substance concentration efficiency”.
This methodology was for example also applied in a recent study of Denkstatt, which
compared various waste management options for mixed plastic waste: energy recovery
in cement kilns, in fluidised bed combustion plants, and feedstock recycling in a blast
furnace.

3

Here down-cycling is used for recycling processes and products which do not replace virgin plastics, but materials like concrete or wood (see section 0).
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The “substance concentration efficiency” could possibly be an excellent addition to the
criteria for sustainable plastic waste management which are currently under construction.
To find out more about the possible messages which could be produced by using this
methodology, it should be applied to a few simple scenarios of treating for example plastic waste containing various substances of concern.
On the background of phasing out landfills, the recycling of critical substances


prevents further dissipation of these substances in landfills but



increases the amount of substances which are concentrated in MSWI and put to
suitable final sinks

From our experience with the methodology so far we conclude that the entropy based
“substance concentration efficiency” will show that landfilling is by far the worst option.
For some applications it could show that either municipal solid waste incineration, or industrial energy recovery, or recycling is the best option regarding sustainable substance
management. The specific ranking or hierarchy will depend on several factors and will be
different for different products and circumstances.
Provisional ranking of waste management options, sorted by increasing ability to concentrate substances of concern:


landfill (highest dilution)



industrial energy recovery with little flue gas cleaning



recycling



industrial energy recovery and MSWI with advanced flue gas cleaning

3.2

Eco-efficiency: A key aspect of the full picture of sustainability (slide 15)

The further chapters of the report focus on two dimensions of sustainability:


Environmental aspects



Economic aspects

which are aggregated under the headlines of


Eco-efficiency: direct comparison of costs and environmental effects, e.g. in
form of GHG abatement costs, given in
EUR per tonne of CO2; and/or



Cost-Benefit Analysis: Integration of environmental impacts by monetising environmental impacts

Both concepts integrate environmental and economic aspects into one aggregated picture.
Social issues, but also subjects of sustainable substance flow management are not covered in this report.

3.3

LCA and CBA (cost-benefit analysis) in EU-Legislation

The methodical concepts of LCA (life-cycle assessment) and CBA (cost-benefit analysis)
are mentioned in various EU directives as tools to ensure that environmental legislation
actually helps to realise environmental improvements, and that the costs for respective
measures are within a reasonable relation to the gained environmental benefits.
Especially the use of CBA ensures effectiveness and cost-efficiency to reach certain overall environmental targets.
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European Parliament and Council Directive 94/62/EC of 20 December 1994 on
packaging and packaging waste, including amendments:
http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:1994L0062:20050405:EN:HTML
Introduction:
Whereas, until scientific and technological progress is made with regard to recovery processes, reuse and recycling should be considered preferable in terms of environmental
impact; whereas this requires the setting up in the Member States of systems guaranteeing the return of used packaging and/or packaging waste; whereas life-cycle assessments should be completed as soon as possible to justify a clear hierarchy between reusable, recyclable and recoverable packaging;
Article 10 – Standardization:
The Commission shall promote, as appropriate, the preparation of European standards
relating to the essential requirements referred to in Annex II.
The Commission shall promote, in particular, the preparation of European standards relating to:
— criteria and methodologies for life-cycle analysis of packaging,
— the methods for measuring and verifying the presence of heavy metals and other dangerous substances in the packaging and their release into the environment from packaging and packaging waste,
— criteria for a minimum content of recycled material in packaging for appropriate types
of packaging,
— criteria for recycling methods,
— criteria for composting methods and produced compost,
— criteria for the marking of packaging.
Article 6 - Recovery and recycling:
3. Member States shall, where appropriate, encourage energy recovery, where it is preferable to material-recycling for environmental and cost-benefit reasons. This could be
done by considering a sufficient margin between national recycling and recovery targets.
5. Not later than 31 December 2007, the European Parliament and the Council shall,
acting by qualified majority and on a proposal from the Commission, fix targets for the
third five-year phase 2009 until 2014, based on the practical experience gained in the
Member States in pursuit of the targets laid down in paragraph 1 and the findings of scientific research and evaluation techniques such as life-cycle assessments and costbenefit analysis.
This process shall be repeated every five years.
Directive 2000/53/EC of the European Parliament and of the Council of 18 September 2000 on end-of life vehicles - Commission Statements
http://eur-lex.europa.eu/legalcontent/EN/TXT/HTML/?uri=CELEX:32000L0053&qid=1401803062355&from=EN
No references to LCA or CBA
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Directive 2012/19/EU of the European Parliament and of the Council of 04 July
2012 on waste electrical and electronic equipment (WEEE)
http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32002L0096
Introduction
(4) The Council in its Resolution of 24 February 1997 on a Community strategy for waste
management(6) insisted on the need for promoting waste recovery with a view to reducing the quantity of waste for disposal and saving natural resources, in particular by reuse, recycling, composting and recovering energy from waste and recognised that the
choice of options in any particular case must have regard to environmental and economic
effects but that until scientific and technological progress is made and life-cycle analyses are further developed, reuse and material recovery should be considered preferable
where and in so far as they are the best environmental options. The Council also invited
the Commission to develop, as soon as possible, an appropriate follow-up to the projects
of the priority waste streams programme, including WEEE.
Waste framework directive (Directive 2008/98/Ec Of The European Parliament
And Of The Council of 19 November 2008 on waste and repealing certain Directives)
http://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32008L0098&from=EN
Introduction:
(6) The first objective of any waste policy should be to minimise the negative effects of
the generation and management of waste on human health and the environment. Waste
policy should also aim at reducing the use of resources, and favour the practical application of the waste hierarchy.
(7) In its Resolution of 24 February 1997 on a Community strategy for waste management [8], the Council confirmed that waste prevention should be the first priority of
waste management, and that re-use and material recycling should be preferred to energy recovery from waste, where and insofar as they are the best ecological options.
(8) It is therefore necessary to revise Directive 2006/12/EC in order to clarify key concepts such as the definitions of waste, recovery and disposal, to strengthen the measures
that must be taken in regard to waste prevention, to introduce an approach that takes
into account the whole life-cycle of products and materials and not only the waste
phase, and to focus on reducing the environmental impacts of waste generation and
waste management, thereby strengthening the economic value of waste. Furthermore,
the recovery of waste and the use of recovered materials should be encouraged in order
to conserve natural resources. In the interests of clarity and readability, Directive
2006/12/EC should be repealed and replaced by a new directive.
(9) Since most significant waste management operations are now covered by Community
legislation in the field of environment, it is important that this Directive be adapted to
that approach. An emphasis on the environmental objectives laid down in Article 174 of
the Treaty would bring the environmental impacts of waste generation and waste management more sharply into focus throughout the life-cycle of resources. Consequently,
the legal basis for this Directive should be Article 175.
(27) The introduction of extended producer responsibility in this Directive is one of the
means to support the design and production of goods which take into full account and
facilitate the efficient use of resources during their whole life-cycle including their repair, re-use, disassembly and recycling without compromising the free circulation of
goods on the internal market.
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(40) In order to improve the way in which waste prevention actions are taken forward in
the Member States and to facilitate the circulation of best practice in this area, it is necessary to strengthen the provisions relating to waste prevention and to introduce a requirement for the Member States to develop waste prevention programmes concentrating on the key environmental impacts and taking into account the whole life-cycle of
products and materials. Such measures should pursue the objective of breaking the link
between economic growth and the environmental impacts associated with the generation
of waste. Stakeholders, as well as the general public, should have the opportunity to participate in the drawing up of the programmes, and should have access to them once
drawn up, in line with Directive 2003/35/EC of the European Parliament and of the Council of 26 May 2003 providing for public participation in respect of the drawing up of certain plans and programmes relating to the environment [17]. Waste prevention and decoupling objectives should be developed covering, as appropriate, the reduction of the
adverse impacts of waste and of the amounts of waste generated.
Article 4: Waste hierarchy
1. The following waste hierarchy shall apply as a priority order in waste prevention and
management legislation and policy:
(a)

prevention;

(b)

preparing for re-use;

(c)

recycling;

(d)

other recovery, e.g. energy recovery; and

(e)

disposal.

When applying the waste hierarchy referred to in paragraph 1, Member States shall take
measures to encourage the options that deliver the best overall environmental outcome.
This may require specific waste streams departing from the hierarchy where this is justified by life-cycle thinking on the overall impacts of the generation and management of
such waste.
Member States shall ensure that the development of waste legislation and policy is a fully
transparent process, observing existing national rules about the consultation and involvement of citizens and stakeholders.
Member States shall take into account the general environmental protection principles of
precaution and sustainability, technical feasibility and economic viability, protection of
resources as well as the overall environmental, human health, economic and social impacts, in accordance with Articles 1 and 13.
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4

Environmental Assessment of Various Recycling
and Recovery Options for Plastic Waste

This topic has often been investigated. One of the major early and comprehensive studies was worked out by HEYDE & KREMER [1999], many others followed, some of them
are quoted further below.
The chapters below summarise results of four different recent studies.

4.1

Benefits of Recycling & Recovery for Energy & GHG Emissions (slide 19)

Source: Denkstatt (2010)
In the last decades a wide variety of recycling & recovery processes were successfully
developed for different kinds of plastic waste streams. Today plastic waste should always
be seen as a valuable secondary resource that can be used to save energy and prevent
GHG emissions.
In this chapter, a quick overview on the benefits of recycling & recovery for energy &
GHG emissions is given for the example of LDPE and for the most important recycling
and recovery processes:


mechanical (material) recycling of “pure” polymer waste fractions, which
shows high environmental benefits due to substituted primary production, but
which has limited mass potentials where recycling is possible at a positive
cost/benefit balance (due to often considerable efforts (& costs) of separate collection and sorting to reach pure fractions of certain polymers, and due to needs
of the market for high quality recyclates)



feedstock recycling, where especially mixed plastic waste is transformed into
chemical components of small molecular weight (e.g. methanol, or CO and H 2),
which is used as feedstock in chemical processes or as reduction gas in blast furnace processes (for reduction of iron ore to metallic iron) – thereby plastic waste
is substituting fossil resources like heavy fuel oil, coke, coal or gas



industrial energy recovery, where especially mixed plastic waste (with preferably low content of heavy metals and halogens) is used as a fuel in cement
kilns, fluidised bed combustion processes (paper industry) or coal fired power
plants – processes where plastic waste directly substitutes fossil fuels



municipal solid waste incineration (MSWI), where all kinds of mixed plastic
waste can be used for energy recovery (i.e. production of electricity and/or district
heat) in combination with high standards of flue gas cleaning; nevertheless the
average energy efficiency of MSWI plants is considerably lower than energy efficiency of industrial energy recovery, and substituted electricity & district heat production is not always based on fossil fuels – therefore energy benefits are smaller
than for industrial energy recovery, and emitted CO2 emissions are higher than
prevented CO2 emissions (due to substitution effects), resulting in positive netCO2-emissions for current average European conditions.

In comparison, landfilling of plastic waste produces no energy benefits, no GHG emissions, and also no GHG benefits. Landfilling plastic waste therefore is like wasting valuable resources.
Table 1 shows energy and GHG emission data on “net effects” of recycling, recovery and
disposal processes for LDPE, which were taken from the calculation model used in Part 1
of this study. Net effect means that the impacts of the collection, sorting and recycling
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processes and the credits due to substituted primary production and substituted primary
fuels are already summed up in the figures below.

Energy
MJ/kg

GHG
kg CO2-e./kg

1

0,1

MSWI with average energy efficiency (38%)

-32

1,5

Energy recovery with high energy efficiency (90%)

-49

-1,2

Material recycling (plastic to plastic)

-63

-1,4

Feedstock recycling (e.g. blast furnace)

-49

-1,2

Net effects of LDPE-recycling/recovery/disposal
Landfilling

Table 1:

Net-energy/GHG- effects of recycling, recovery and disposal processes for
LDPE, extracted from the waste management calculation model used in
Part 1 of this study. Impacts of collection, sorting and recycling processes
as well as credits due to substituted primary production and substituted
primary fuels are already summed up in the figures above.

Figure 6:

Net-energy/GHG- effects of recycling, recovery and disposal processes for
LDPE, extracted from the waste management calculation model used in
Part 1 of this study. Impacts of collection, sorting and recycling processes
as well as credits due to substituted primary production and substituted
primary fuels are already summed up in the figures above
(1) Values for material recycling are based on 10 % material losses during
recycling process and assume that recycling product substitutes same
mass of virgin material.
(2) Benefits of material recycling considerably decrease with higher material losses and/or if not virgin plastics, but materials like concrete or wood
are substituted (e.g. poles, roofing tiles, etc. [IVV, 1999])
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Figure 6 shows that all recycling and recovery options result in net-savings of energy
resources. Also GHG emissions are prevented by material and feedstock recycling and by
energy recovery with high energy efficiency. At current average European conditions (regarding energy efficiency and substitution effects) energy recovery of plastic waste in
MSWI produces more CO2 emissions than it prevents due to substituted electricity & district heat production.
Figure 6 also shows that the benefits of material recycling can become comparable or
even lower than the benefits of feedstock recycling or industrial energy recovery, if material recycling produces high material losses (here assumed at 10 %) or if the mass of
substituted virgin material is considerably lower than the recycled plastic mass (here a
1:1 substitution was assumed).
This shows that in the future it will be important


to divert plastic waste from landfills, as it turns out that it is a valuable secondary
resource for many different recovery and recycling processes



to support mechanical recycling of plastics, where it can be done with little losses
during sorting and recycling, and where it can substitute (almost) the same mass
of virgin plastic (various cost-benefit analyses of denkstatt have showed that high
additional costs of separate collection, sorting and recycling are not justified by rather small environmental advantages compared to efficient energy recovery)



to extract high calorific mixed plastic waste fractions from mixed residual waste
(e.g. by air separation) for utilisation in industrial energy recovery or feedstock
recycling processes



to improve energy efficiency of MSWI plants by combined electricity production
and heat utilisation in a district heat system.

4.2

Reviewed Carbon Footprint Model of Austrian Packaging
Recovery System ARA (slides 20 – 21)

In 2008 Denkstatt has developed a calculation model to assess the impacts and benefits
of packaging collection, sorting, recycling and recovery by ARA Austria in terms of carbon
footprint and cumulated energy demand. The model was critically reviewed by the Austrian Environmental Agency and the Vienna University of Technology. Now ARA is periodically using it to annually update the results.
The following graph shows carbon footprint results for 2010, and at the same time the
elements of the calculation become clear:
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Figure 7:

Carbon footprint impacts and benefits of packaging collection, sorting, recycling and recovery by ARA Austria in 2010

The same model and calculation route as presented above was to calculate up to date
results for various plastic packaging recycling and recovery options for the example polyethylene (PE) for this information pack.

100 %
material
recycling

40 % recycling,
60 % industr.
energy recov.

mechanical
recycling of
mixed plastics

ind. en. recov.
substituting
coal/oil/gas

ind. en. recov.
substituting coal

blast furnace
feedstock
recycling

MSWI, av.
energy
utilisation

Collection & Transport

55

55

55

55

55

48

60

Sorting

19

19

19

19

19

19

19

358

143

370

0

0

0

0

Mechanical Recycling
Substituted Primary Production

-1.811

-724

-739

0

0

0

0

Emissions from energy recovery

141

1.754

141

2.829

2.829

2.829

2.829

Substituted fossil fuels

-175

-2.417

-175

-3.911

-4.344

-3.895

-1.867

System Administration

0

0

0

0

0

0

0

-1.412

-1.148

-329

-972

-1.405

-934

1.041

Sum = Net-Benefit

Table 2:

GHG net benefit (impact) of various recycling and recovery options for PE,
calculated for Austrian conditions
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Figure 8:

GHG net benefit (impact) of various recycling and recovery options for PE,
calculated for Austrian conditions. Impacts of collection, sorting and recycling processes as well as credits due to substituted primary production
and substituted primary fuels are already summed up in the figures above.

Comments:



The case of 100 % material recycling is only realistic for very clean homogeneous
fractions which are easily collectable
A comment on feedstock recycling: Today (after experiences with many different
research activities, pilot plants and intermediate big scale applications like gasification at the German „Schwarze Pumpe“) only the utilisation of plastic waste as a
reduction agent in blast furnaces is (still) the only feedstock recycling process
with relevant input masses (see also respective PlasticsEurope brochure).

Conclusions:


No simple hierarchy of recycling/recovery options can be derived for plastic waste



Industrial energy recovery is definitely more beneficial than mixed plastic recycling, leading to thick section products which substitute only concrete or wood



Comparison of recycling with MSWI leads to a net benefit of recycling of approximately 2 – 3 kg CO2e / kg PE

4.3

Simplified comparison of benefits of mechanical and feedstock recycling (slide 22)

Source: Denkstatt/GUA [2007], a study on environmental assessment of the use of plastics in a blast furnace, in comparison with mechanical recycling and energy recovery,
which was guided by reference board of external critical reviewers, representatives of the
Austrian Environmental Ministry, and representatives of voestalpine.
Recycling can be a desirable option within waste management, not because cyclic use of
materials is good in itself, but because recycling usually enables considerable savings of
natural resources and savings of emissions from processing these resources.
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Especially for plastics recycling, these benefits can be very different for various recycling
processes. The benefit of saved resources of material recycling (mechanical recycling) of
plastic waste is for example within a range of 0 to 60 MJ per kg recycled plastic waste for
different processes. 60 MJ/kg are realised in recycling processes, where homogeneous
plastic waste fractions are transformed to granulate, a valuable secondary raw material.
In many material recycling processes for mixed plastic waste (producing palisades, roofing tiles, etc.), the recycling benefit is actually very small or even 0 MJ/kg (energy needed for recycling is equal to credit of substitution), because the materials substituted by
recycling (concrete, wood, roofing tiles, etc.) do not need much energy to be produced.
Compared to this range of benefits from 0 to 60 MJ/kg, the benefit of feedstock recycling
in blast furnaces is approx. 47 MJ/kg [Denkstatt/GUA 2007], which is undoubtedly higher
than the benefits of material recycling processes for mixed plastic waste, but also clearly
higher than the average benefit of material recycling processes. Other studies have come
to similar conclusions like [HEYDE & KREMER, 1999], Öko-Institut [2003].

Figure 9:

4.4

Saved energy resources by different recycling processes for plastics waste

Overlapping benefit ranges of recycling and recovery options (slides 23 – 24)

Source: Denkstatt/GUA [2003]
This study compares different options for plastics recycling and recovery with regard to
different indicators. Whereas in the EU waste framework directive there is a clear hierarchy of recycling options, this study shows that the main categories (material recycling,
feedstock recycling and energy recovery) overlap regarding most indicators. This means,
that the strict application of any hierarchy can, at least in some cases, lead to environmentally less beneficial decisions.
The waste options compared are:










Material recycling of polyolefins (50% sorted out)
Material recycling of polyolefins (60% sorted out)
Material recycling mixed plastics substituting wood (palisades)
Material recycling mixed plastics substituting concrete (palisades)
Recycling by solving
Gasification (in SVZ, which is not operating any more)
Blast furnace
Fluidised bed incineration
MSWI (Municipal Solid Waste Incineration) as a reference scenario
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Figure 10:

Net benefits (+) and net-impacts (–) of different options of plastics recycling and recovery with regard to non-renewable energy; impacts of collection, sorting and recycling processes as well as credits due to substituted primary production and substituted primary fuels are already summed
up in the figures above.

Figure 11:

Net benefits (+) and net-impacts (–) of different options of plastics recycling and recovery with regard to GHG emissions; impacts of collection,
sorting and recycling processes as well as credits due to substituted primary production and substituted primary fuels are already summed up in the
figures above.

Conclusion: Ranges for mechanical recycling, feedstock recycling and energy
recovery widely overlap; no clear hierarchy can be derived!
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4.5

Criteria to choose optimal feedstock recycling or energy recovery route (slide 25)

Source: Pilz [2007]
The challenge to utilise mixed plastic waste for recovery
Landfilling of plastic waste is not allowed any more in Austria since 2004 (with some exceptions until 2008). This makes sure that the valuable energy resource in plastic waste
is utilised in some kind of recovery process. But still the utilisation of mixed plastic waste
remains a challenge. Based on the fact, that mechanical recycling of mixed plastic waste
produces significantly less benefits than feedstock recycling or industrial energy recovery
(see Figure 8), there remain three different environmentally sound and economically feasible options to utilise mixed plastic waste in residual waste streams:
1. Municipal solid waste incineration (MSWI): This is certainly a suitable recovery
process, especially for plastic waste containing significant amounts of heavy metals, bromine, etc., if the energy in the waste input is recovered as electricity
and/or heat and if the plant is equipped with a state of the art flue gas cleaning
system. Nevertheless, too much plastic waste in the input of MSWI plants can significantly reduce their throughput, as most of these plants are limited to a maximum thermal capacity.
2. Industrial energy recovery of waste with medium calorific value in fluidised bed
combustion plants, which use the energy contained in the waste with high efficiency and also have flue gas cleaning systems comparable to MSWI plants. The
input of such plants are “light fractions” of splitting plants for domestic and commercial residual waste or mixed residues from separate collection and sorting of
plastic.
3. A third option, which is also an environmentally sound and economically beneficial
strategy, is to extract plastics from residual waste and from sorting residues mechanically and to further upgrade the material to a high quality secondary raw
material or secondary fuel with high calorific value and low contents of hazardous
substances. These secondary resources can be used in cement kilns, blast furnaces, gasification processes and similar feedstock recycling and energy recovery
plants. The more sophisticated the flue gas cleaning in these plants, the less quality has to be demanded of the input and vice versa.
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Table 3:

4.6

The “three worlds” of utilisation of mixed plastic waste

Conclusions (slide 26)

1. Plastic waste is a valuable secondary resource
2. A wide variety of different recycling and recovery options
is available and helps to substitute virgin raw material and nonrenewable fuels
3. For plastic waste, NO general waste management hierarchy like
“mechanical recycling > feedstock recycling > energy recovery” can
be derived from facts on environmental benefits
4. Net benefit ranges of mechanical recycling, feedstock recycling and
energy recovery widely overlap
5. Benefits of industrial energy recovery are better than mixed plastic
recycling, where thick section products substitute only wood or concrete
6. For mixed plastic waste the optimal energy recovery process can be
determined based on few criteria (calorific value, quality, ...)
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5

Cost-Benefit Analyses of Waste Management
Options for Plastic Waste

Chapter 3.3 has shown that Cost-Benefit Analyses (CBA) are explicitly mentioned by EU
directives on waste management as a tool to ensure effectiveness and cost-efficiency to
reach certain over-all environmental targets.
A famous CBA commissioned by DG Environment is the study of RDC-Environment & Pira
International [2001] on the evaluation of costs and benefits for the achievement of reuse
and recycling targets for the different packaging materials in the frame of the packaging
and packaging waste directive. Similar CBA studies were elaborated for tyre recycling,
battery recycling, etc. and can be found on the website of the Commission.
Denkstatt (and GUA, one of the forerunner companies) has been producing cost-benefit
studies since 1994. First projects were commissioned by ARGEV, the institution responsible for collection and recycling od plastic, metal, composite, and wood packaging. In
1997 first CBA results were published for plastic packaging recycling in Austria. CBA
studies commissioned by the Austrian Environmental Agency updated results for packaging in 1998 and for plastic non-packaging in 2000.
CBA studies for packaging recycling in Sweden [GUA/IVL 2000] and in Portugal followed,
as well as CBA studies comparing costs and benefits of one-way and refillable beverage
packaging in Austria [GUA 2000] and in Hungary. CBA results were also summarised for
Italy [GUA 2002]. From 2005 – 2007 CBA studies for packaging recycling (all materials)
were established for ARA Austria [Denkstatt 2007], and the CBA study for plastic packaging recycling in Sweden was updated [Denkstatt/IVL 2007].
Most of these studies have influenced the legislation on recycling and re-use in the respective countries. Especially in Austria CBA studies have supported reasonable recycling
targets, and inefficient measures related to refillable and one-way bottles could be avoided.
The methodology used was reviewed several times, for example by the Austrian University of Economics, or by the Department of Economics at the Umeå University, Sweden.

5.1

CBA methodology to assess recycling options
(slides 28 – 29)

The key question of Cost-Benefit Analyses of recycling options is: Are the (additional)
costs of collection, sorting & recycling justified by environmental and economic benefits
of recycling?
From the perspective of eco-efficiency, recycling should only be done when possible at a
positive cost-benefit balance, i.e. when the benefits outweigh the costs. Such recycling is
called “eco-efficient recycling” in this information package.
The remaining text on CBA methodology in this chapter was extracted from
[Denkstatt/IVL 2007]:
To integrate environmental and economic effects into one aggregated result, the methodology of Welfare Cost-Benefit Analysis (WCBA)4 is applied in this study
In the WCBA the main goal is to measure and maximise human well-being (welfare).
Therefore the quantification of external effects is striving to measure human preferences.

4

In Anglo-Saxon literature the term cost-benefit analysis usually refers to a methodology including external
costs. This is not naturally the case in German literature. Therefore the term welfare cost-benefit analysis is
often used to clearly indicate that externalities are included. In this study the terms cost-benefit analysis (CBA)
and welfare cost-benefit analysis (WCBA) are used synonymously and refer to a cost-benefit analysis including
external costs.
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This is done by various methods to determine the willingness to pay to prevent environmental damage or the willingness to accept in compensation to tolerate environmental
damage.
Within the CBA of this study the quantification of environmental effects is based on the
life cycle inventory of the investigated system.
The following methodological approaches have been selected for transformation of environmental effects into monetary units:



damage costs, e.g. NewExt5-values
avoidance costs

The approach of avoidance costs has been chosen as a second, alternative monetization
method in order to measure the environmental efficiency (or “eco-efficiency”) of the investigated recycling activities by comparing them with the eco-efficiency of alternative,
efficient environmental activities. This analysis shows whether or not the assessed recycling and recovery routes are an efficient contribution to the fulfilment of the given political targets, e.g. to reduce emissions, especially represented by the Kyoto-target to reduce greenhouse gas emissions.
The following figure gives an overview of the procedure in realizing a WCBA.

1) Definition of investigated system
including production, use and
waste management;
definition of compared scenarios

Shop

Use

Landfill

Filling

Separate
Collection

Residual
Waste
Collection

Incineration

Primary
Production
Packaging

Sorting &
Recovery

Substituted
Primary
Production

Substituted
Energy
Conversion

2) Quantification of economic and
environmental (& social) effects
3) Monetisation of environmental
(& social) effects = conversion into
comparable (!) monetary units

kg

4) Calculation of integrated result that is
weighed against those effects that
could not be monetised.

Figure 12:

WCBA procedure

Within WCBA every scenario examined is compared to defined reference scenarios. The
internal as well as the external costs of the analysed scenario are subtracted from the
respective costs of a specific reference scenario. Finally, the sum of the two “deltas” is
equal to the cost-benefit balance6 (CBB), the result of the analysis. This is illustrated in
Figure 13. It is important to note that the analyzed masses in both scenarios must be
equal.
The cost-benefit balance represents the difference between the analysed scenario and
the reference scenario. A positive sign means that the analysed scenario is “better” than

5

New Elements for the Assessment of External Costs from Energy Technologies, Final Report to the European
Commission, DG Research, Technological Development and Demonstration (RTD), Friedrich, R. et al. (2004)
6

The use of the term “cost-benefit balance” in this study is the result of translating German terminology. Within the Anglo-Saxon literature about CBA the expressions “net social benefit (or loss)” or “net welfare benefit (or
loss)” are much more common to describe the balance of costs and benefits.
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the reference scenario. In this case the sum of internal and external costs of the reference scenario is higher than the costs of the analysed scenario. These positive “difference-costs” can also be addressed as “benefits”. Table 4 displays the steps for the calculation of the cost-benefit balance.

Reference
Scenario

+

-

emissions

emissions

p1

p2
sub. p

px

Calculation of
Cost- Benefit Balance:
=> external
costs
=> internal
costs

Δ internal costs
+

Scenario 1

-

emissions

emissions

=> external
costs

sub. p

=> internal
costs

p1
p3

Figure 13:

Δ external costs

+

p2
px

-------------------------Cost- Benefit Balance
(CBB1)

Calculation of the cost-benefit balance (p. … processes, sub. p. … substituted processes). As within this project several CBBs will be calculated, in
this figure the CBB of a certain “scenario 1” is defined as “CBB1”.
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Aggregated steps for the calculation of the
cost-benefit balance of recovery routes

+ Costs of separate collection and sorting scenario 1
+ Net costs7 of mechanical recycling scenario 1
+ Net costs of energy recovery (of energy fractions or residues) scenario 1
+ Costs of residual waste collection scenario 1
+ Net costs of residual waste treatment and disposal scenario 1
– Costs of separate collection and sorting reference scenario
– Net costs of mechanical recycling reference scenario
– Net costs of energy recovery (of energy fractions or residues) reference scenario
– Costs of residual waste collection reference scenario
– Net costs of residual waste treatment and disposal reference scenario
= Waste management net cost balance

(A)

– Savings on costs of primary production (substitution effects) scenario 1
+ Savings on costs of primary production (substitution effects) reference scenario
= Savings on costs of primary production

(B)

+ Savings on environmental costs (external effects) scenario 1
– Savings on environmental costs (external effects) reference scenario
= Savings on costs of emission avoidance (external effects)
= Cost-benefit balance of recovery route

Table 4:

(C)
(= A + B + C)

Procedure to calculate the cost-benefit balance of an investigated recovery
route in comparison with the reference scenario, in which all plastic packaging is collected and treated together with residual waste8

Revenues are part of the waste management net cost balance (see Table 4: net costs for
recycling/recovery). As they are not an element of the socio-economic result, they have
to be subtracted from the waste management net cost balance in one of the intermediate
steps to calculate the socio-economic cost-benefit balance (usually they are subtracted
from costs for primary production (B)).
The two approaches in monetisation (damage costs, avoidance costs) result in two different versions of the cost-benefit balance. In WCBA with damage costs, this cost-benefit
balance expresses the loss or gain of welfare, or the forward or backward step in sustainable development generated by the examined scenario in comparison to the reference situation. In the WCBA with avoidance costs it expresses the eco-efficiency.
The strengths of the methodology of cost-benefit analysis are:


Structured methodology



Account for system-wide consequences



Account for many impacts, including costs

7

Net-costs (costs minus revenues) are business costs including revenues for the products of a process. The
term “net-costs” is used for processes which sell products, “costs” is used for processes which don’t sell products.
8

Table 4 is a detailed and more general version of the calculation steps, slide 29 shows an aggregated version.
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Allows for transparency



Aggregated results

An additional motivation for using the CBA methodology is that by transformation of
emissions into comparable units by monetary valuation, CBA allows comparison of the
different relative weights of different emissions.
Nevertheless, significant objections to CBA have been raised (see, e.g. [PEARCE 2001,
175ff]):


Credibility: the costs and benefits of an option, and their monetary value, are often highly uncertain. The CBA results also depend on subjective methodological
choices.



Moral objections: CBA is based on utilitarian moral philosophy, which means it is
based on the assumption that all types of negative effects can be compensated by
positive effects.



The efficiency focus: CBA assesses how efficient different options are when they
are implemented in the current economic, technological and social context, but it
does not assess other aspects such as fairness, equity, long-term sustainability,
competitiveness, employment, regional balance, etc.



Flexibility and participation: decision-makers and stakeholders may feel that CBA
results, by indicating the most efficient option, closes the door for debate and
usurps the freedom of choice from the decision-makers.



Capacity: expertise in both economics and natural science is necessary to perform
a CBA. A certain level of expertise is also necessary to interpret and use the results, for example to participate in a debate that is based on CBA results.

Therefore it is important to remember that CBA, as many other valuation methods and
procedures, neither produces results of “absolute truth”, nor does it replace final judgements needed in political decision making processes. Instead, CBA results, if clearly presented, provide important parts of the basis for debate and decision making.
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5.2

Selected CBA results for plastic packaging recycling

The following graph shows the elements and final result of the cost-benefit balance of
domestic plastic packaging recycling in Sweden in 2006 [Denkstatt/IVL 2007]. The figures show that the recycling benefits cannot outweigh the additional costs, if all domestic
plastic packaging is collected. A different scenario investigated how the results would
change if only rigid domestic plastic packaging is collected: In that case the CBA result
was positive!

Separate collection

Presorting
Sorting + mechanical recycling

Energy recovery
Overhead Plastkretsen

Collection in
residual waste

1

MSWI
Overhead residual waste
Waste-Management
net cost balance

Subst. primary
production
Environmental
benefits

CBA-result
[Mill. Swedish Krona per year]

80

Figure 14:

40
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Elements and final result of the cost-benefit analysis of domestic plastic
packaging recycling in Sweden in 2006. The figure shows the result of the
status quo (collection & recycling of rigid AND flexible domestic plastic
packaging) compared to a reference scenario without any separate collection (all plastic packaging is treated together with residual waste). Costs
(negative sign) are higher than benefits (positive sign), leading to a negative cost-benefit balance.

In the first CBA study for Sweden [GUA/IVL 2000], rigid and flexible plastic packaging
were investigated in the domestic and in the commercial sector. The following graph presents the CBA results in a form where the cost-benefit balances are shown on a vertical
axis, while the tonnes of material collected are shown on the horizontal axis. Therefore
the resulting rectangle shows the absolute annual cost-benefit effect of the recycling options.
The graph shows that recycling of domestic rigid plastic packaging is OK if the material is
collected within a drop-off system. The kerbside collection is more expensive and leads to
a negative cost-benefit balance. Domestic flexible packaging cannot be recycled with a
positive cost-benefit balance. The recycling of commercial plastic packaging is clearly
positive, for rigid packaging and even more for commercial films.
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Figure 15:

Cost-benefit analysis for recycling of rigid and flexible plastic packaging in
the domestic and in the commercial sector; results of an optimised recycling scenario for Sweden produced in 2000, in comparison to a reference
scenario without any separate collection (all plastic packaging is treated
together with residual waste).

The following graph shows how the cost-benefit balance of domestic and commercial
plastic packaging recycling could be improved as a consequence of 10 years of intense
and ambitious analysis and optimisation of costs and efficiencies [Denkstatt 2007]. A
significantly negative cost-benefit balance for domestic plastic packaging recycling could
be improved in a way that the benefits almost compensate the additional costs. Recycling
of commercial plastic packaging was beneficial already in 1995, but could be significantly
improved as well. With a focus on collecting only bottles and big films in many Austrian
regions, domestic plastic packaging recycling has reached a balanced cost-benefit optimum/maximum. Total current plastic packaging recycling rate in Austria is approx. 35 %.
Figure 16 presents the CBA results in a form where the cost-benefit balances are shown
on a vertical axis, while the tonnes of material collected are shown on the horizontal axis.
Therefore the resulting rectangle shows the absolute annual cost-benefit effect of the
recycling options.
Household labour costs for collection & sorting at home are NOT included in the examples
presented in this chapter. Consideration of such additional costs would decrease positive
cost-benefit balances and further increase negative cost-benefit balances.
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Figure 16:

5.3

Results of cost-benefit analyses for recycling of domestic and commercial
plastic packaging in Austria show the improvements after 10 years of optimisation, in comparison to a reference scenario without any separate collection (all plastic packaging is treated together with residual waste).

Simplified results of cost-benefit analyses (slide 33)

The most important aspects of the results of eco-efficiency investigations and costbenefit analyses can also be shown by dividing the additional costs by the amount of reduced CO2e emissions. (The reason is that GHG emissions usually form by far the biggest
contribution within the total monetised environmental benefits).
Such figures can be compared to typical GHG abatement costs. This comparison shows
how eco-efficient the investigated environmental measures are: If they show lower or
similar GHG abatement costs than the marginal abatement costs of current political GHG
reduction targets, then the measures are eco-efficient.
One of the possible references is a study of McKinsey (quoted in Stern [2007]) which
shows that 38 % of global GHG emissions can be avoided with marginal costs of less
than 60 EUR/t CO2.
The examples below show that the GHG abatement costs of refillable bottles and of environmental fees for plastic bags are more than a factor 10 higher. This means that the
same environmental benefits can be achieved with much less expensive activities.


Exchanging PET one-way bottles by PET refillable bottles costs 500 – 700 EUR/t
CO2 [Denkstatt 2010 b]



Exchanging PET one-way bottles by alternative material refillable bottles costs
4,000 EUR/t CO2 [Denkstatt 2010 b]
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5.4

10 cent environmental fee per plastic bag equals
2000 EUR / tonne CO2 [Denkstatt 2011 b]9

Limits for additional net-costs based on eco-efficiency criteria (slide 34 – 35)

Using 60 EUR/t CO2 as a benchmark for eco-efficiency (38 % of global GHG emissions
can be avoided with marginal costs of less than 60 EUR/t CO2 [McKinsey quoted in Stern
[2007]), then the additional costs for recycling (compared to MSWI) should not exceed
60 EUR/t CO2e.
If we multiply this value with the approximate net benefit of recycling compared to energy recovery in MSWI (2 – 3 t CO2 / t plastic waste; see chapter 4.2), then the maximum
additional net-costs per tonne plastic waste should not exceed 180 EUR/t!
Additional net-costs are here defined as net-costs of collection, sorting, recycling
and associated energy recovery of residues, minus saved residual waste costs, minus
macroeconomic benefit of saved primary production which is not included in revenues for
recyclates10; see also Table 4.
Exemplary eco-efficiency data for plastic recycling
Additional net-costs (as defined above) of domestic packaging collection and recycling in
Austria: 100 EUR/t [Denkstatt 2007]
o

100 EUR/t is smaller than 180 EUR/t  eco-efficient

o

recycling rate for domestic plastic packaging is approx. 25 - 28 %

Additional net-costs Sweden [Denkstatt/IVL 2007]:




Situation in 2006: Collection and recycling of ALL domestic plastic packaging
(flexible and rigid): Additional net-costs are 390 EUR/t (corresponding CO2
abatement costs are 170 EUR/t CO2)
o

390 EUR/t is higher than 180 EUR/t  NOT eco-efficient

o

total plastic packaging recycling rate is currently approx. 32 %, including
commercial packaging

Collection & recycling of ONLY RIGID domestic plastic packaging would cause additional net-costs of only 120 EUR/t
o

120 EUR/t is smaller than 180 EUR/t  eco-efficient

Germany: Based on the examples above, we assume that the additional net-costs of
plastic packaging recycling (at a recycling rate of 49 %11 for plastic packaging recycling)
must be more than 180 EUR/t!
Additional net-costs bumper recycling: 700 EUR/t [Denkstatt 2007 b]

9

0.1 EUR per plastic bag divided by 50 g CO2e per plastic bag (for a bag with 20 g, production and recovery
included) = 2,000 EUR per tonne of CO2e
10

“The macroeconomic benefit of saved primary production which is not included in revenues for recyclates” is
equal to “(Selling price of virgin resin – selling price of recyclate) * (recycling output / collected plastic waste
mass)”
11

Consultic/PlasticsEurope report a 40 % mechanical recycling rate in 2012 (42 % including feedstock recycling); but EUSTAT reports 49.4 and 48.5% for 2010/2011

Criteria for eco-efficient plastic recycling

Page 34

Background Report Sept. 11th 2014

Example CBA pacifier recycling: [Denkstatt 2012]


Costs of planned recycling project would be 60,000 EUR/a; 6 tonnes of CO2 are
saved
o

CO2 abatemet costs are 10,000 EUR/t CO2  NOT eco-efficient



The benefit of 6 tonnes of CO2 reduction can also be reached by investing 6 x 20
=120 EUR instead of 60,000 EUR



Remark: The LCA result for the recycling project is positive!
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6

Rough estimation of maximum eco-efficient material recycling potentials for plastics

Based on the experiences of studies mentioned above, maximum eco-efficient recycling
levels (ranges) for all important plastic waste streams were roughly estimated for this
first information pack. To identify these recycling limits in detail, a small number of additional LCA and CBA studies are needed as a next step as described in chapter 6.3.

6.1

Estimated recycling potential for total plastic waste
(slide 37)

The estimated maximum recycling potential for total plastic waste is strongly influenced
by two factors:


The relation of costs and benefits of recycling for a certain waste stream; related
investigations must differentiate between at least 32 different product groups (see
Table 5)



The share of a certain application sector or product group within the total mass of
plastic waste

Table 5 presents the result of this first rough estimation of maximum eco-efficient material recycling potentials for plastics on the level of 32 product groups. Arguments in the
last column influenced the estimated ranges.
The shares of product groups within total mass of plastic waste were taken from Consultic/PlasticsEurope data for 2012, from Denkstatt [2010], from Consultic [2012], from
[Briassoulis et al. 2012], and from a few confidential sources.
Current recycling rates were taken from Consultic/PlasticsEurope data for 2012. Feedstock recycling is NOT included in current or estimated maximum recycling rates.
If listed current recycling rates are close to or above the lower estimation of a sensible
recycling maximum, it means that


today not 100 % of the respective input flows into recycling plants are actually recycled (delta = losses due to sorting and recycling residues as well as dirt &
moisture)



in some sectors and countries the costs and recycling levels are already above
reasonable levels today.
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Share in
waste
39,3%

Application sector
Packaging, domestic
beverage bottles

Recycling
2012
32%

Max. recycl. Max. recycl.
(low estim.) (high estim.)
27%
42%

10,0%

60%

72%

other bottles

3,7%

50%

70%

other rigid packaging

17,1%

10%

30%

shopping bags

2,0%

40%

60%

other flexible packaging

1,8%

10%

30%

small packaging

4,7%

0%

0%

Packaging, commercial

22,9%

38%

50%

70%

20,6%

50%

70%

rigid, commercial

2,3%

50%

70%

5,6%

22%

27%

45%

27% - 45%

Pipes and ducts

1,1%

40%

60%

Windows

0,4%

40%

60%

Other profiles

0,6%

20%

40%

Flooring+Wallcovering

1,1%

40%

60%

Insulation

1,2%

10%

30%

Lining

0,5%

0%

0%

Others (incl. Cables)

Electric/electronic

0,7%

4,9%

30%

16%

16%

Comments; hurdles for more eco-efficient recycling
Austrian & Swedish CBA indicate negative cost-benefit balance for more than 30 % domestic recycl.
max. 80 % separate collection & 90% sort.depth on average; 2012: Austria 57 %, Switzerland 77%
more smaller & more diverse applications; higher sorting costs, lower collectability
many small and very diverse items; high sorting costs; lower collectability; see CBA results AT + SE
higher sorting costs for smaller bags
many small and diverse film applications; high sorting costs; lower collectability; see CBA results
small & diverse items; high collection and sorting costs; lower collectability

50% - 70%

flexible, commercial

Building

Maximum
recycling
27% - 42%

50%

33%

16% - 33%

large household appliances

1,8%

30%

50%

IT and telecommunications

1,5%

10%

30%

consumer equipment

0,6%

0%

10%

small household appl. & others

0,5%

0%

10%

electrical equipment

0,6%

20%

30%

max. 80 % separate collection & 90% sort.depth on average? Black films, adhesive tapes, ...
max. 80 % separate collection & 90% sort.depth on average? Small rigids, contaminations, ...
For building waste in general: "Reach & recycling" issues!?
approx. 30-40 % collection rates in ambitious systems working for >10 years
Multi-material product; waste availability / reuse? "Reach & recycling" issues!?
Many diverse applications; collectability? Collection and sorting costs?
Diverse applications; quality of recyclates? Environmental net benefit of recycling?
Collectability? Contaminations? Substitution of virgin material? Small delta to energy recovery?
Coatings and other(?) applications; so simple way to generate high quality input for recycling
Some potential for bigger cables
For WEEE waste in general: "Reach & recycling" issues!?
Dismantling / sorting costs; quality/purity of recyclates?
More smaller parts, more difficult/costly to collect/dismantle/sort; quality of recyclates?
Many diverse, small, multi-material applications; no efficient way to produce pure recycling input
Many diverse, small, multi-material applications; no efficient way to produce pure recycling input
Installations with long lifetime; potential for big industrial components?

Table is continued on next page
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Share in
waste
4,9%

Application sector
Automotive

Recycling
2012
15%

Max. recycl. Max. recycl.
(low estim.) (high estim.)
18%
38%

bumpers, exterior trim, lighting

0,9%

40%

60%

under the hood + fuel systems

0,7%

30%

50%

dashboard, seats, body (panels)

1,6%

10%

30%

interior trim, upholstery, electr.

Ariculture

1,7%

5,2%

10%

26%

29%

Maximum
recycling
18% - 38%

Optimistic; see high bumper dismantling costs
High dismantling / sorting costs; quality of recyclates (contaminations)?
Diverse applications; high dismantling / sorting costs; quality/purity of recyclates?
Diverse applications; high dismantling / sorting costs; quality/purity of recyclates?

30%

55%

29% - 55%

Silage films (+bale wraps)

1,6%

40%

70%

Mulching + small tunnels

1,2%

10%

30%

Irrigation systems

0,9%

40%

70%

Greenhouse films

0,7%

40%

70%

PP strings + nets

0,4%

10%

30%

NW covers

0,3%

10%

30%

Housew., leisure, sports, etc.
Others

3,5%
13,7%

2%
14%

5%
15%

10%
20%

5% - 10%
15% - 20%

Total

100%

27%

29%

45%

29% - 45%

Table 5:

Comments; hurdles for more eco-efficient recycling

See Irish recycling system and experiences
Much dirt; partly biodegradable
See building pipes; better availability
Large films; low collection costs
Collection costs? Market for secondary products?
Collection costs? Market for secondary products?
Many diverse, small, multi-material applications; no efficient way to produce pure recycling input
see current level; some potentials in furniture, non-automotive transport and for large products?

Rough estimation of maximum eco-efficient material recycling potentials for plastics on the level of 32 product groups
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Table 6 shows how results could look like after performing selected cost-benefit analyses.

Application sector
Packaging, domestic
Packaging, commercial
Building
Electric/electronic
Automotive
Ariculture
Housew., leisure, sports, etc.
Others

Total
Table 6:

Share in
waste
39,3%
22,9%
5,6%
4,9%
4,9%
5,2%
3,5%
13,7%

Recycling
2012
32%
38%
22%
16%
15%
26%
2%
14%

Maximum
recycling
27% - 42%
50% - 70%
27% - 45%
16% - 33%
18% - 38%
29% - 55%
5% - 10%
15% - 20%

100%

27%

29% - 45%

Rough estimation of maximum eco-efficient material recycling potentials
for plastics (summary)

Provisional conclusion:
From an optimistic point of view, the overall maximum eco-efficient recycling
level might be between 29% and 45% (not around 60 – 75%).
Recycling beyond the levels listed above


will either be low quality recycling (no environmental benefits)



or will not be eco-efficient due to relatively high costs

Drivers for improvements but also for boundaries:


(optimisation of) collection and sorting costs



prices virgin materials and fossil fuels



technology improvement/costs and available infrastructure



etc.

6.2

Estimated recycling potential for plastic packaging waste
(slide 38)

The general approach for this estimation was already explained in the two previous chapters. Table 7Table 6 shows how results could look like after performing selected costbenefit analyses.
The estimations considered that Austrian & Swedish cost-benefit studies indicate a negative cost-benefit balance for more than 30 % of domestic plastic packaging recycling.
Arguments in the last column of Table 5 also influenced the estimated ranges.
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Application sector
Packaging, domestic

Share in
waste
63,1%

Recycling
2012
32%

Max. recycl. Max. recycl.
(low estim.) (high estim.)
27%
42%

beverage bottles

16,0%

60%

72%

other bottles

6,0%

50%

70%

other rigid packaging

27,4%

10%

30%

shopping bags

3,2%

40%

60%

other flexible packaging

2,9%

10%

30%

small packaging

7,5%

0%

0%

Packaging, commercial

38%

50%

70%

flexible, commercial

33,2%

50%

70%

rigid, commercial

3,7%

50%

70%

Total plastic packaging
Table 7:

36,9%

100,0%

35%

53%

Rough estimation of maximum eco-efficient material recycling potentials
for plastic packaging on the level of 8 different product groups

Provisional conclusion:
A maximum overall eco-efficient packaging recycling level will be somewhere
around 40 % (35 % - 53 %, to be confirmed by CBA studies; those higher rates
are only realistic for optimised conditions on all levels)

6.3

Priority list for future cost-benefit analyses to clarify maximum sustainable recycling (slide 39)

Based in data presented in Table 5, Figure 17 shows contributions of different product
groups to total estimated eco-efficient recycling potential (= 100 %) in terms of mass
percent. It turns out that


only four (!!!) product groups cover 2/3 of the estimated maximum recycling potential



only 15 (!) product groups cover 86 % of the estimated maximum recycling potential; other sectors/product groups contribute less than 1 % each

This means that only four CBA studies can clarify eco-efficient maxima for 2/3
of the total maximum recycling potential!
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Figure 17:

6.4

Contributions of different product groups to total estimated eco-efficient
recycling potential (= 100 %) in terms of mass percent.

Roughly estimated cost-benefit balances for recycling of
most relevant plastic waste streams (slides 40 – 41)

Based on the experiences described above, recycling is possible at a positive cost-benefit
balance for some waste streams: Commercial packaging, silage films, bottles, shopping
bags, bigger items in domestic rigid packaging.
Other waste streams get increasingly smaller (each of them < 1% of total plastic waste
mass), and at the same time costs for collection, sorting and recycling increase significantly (especially with decreasing mass per piece), and environmental benefits get
smaller, which leads to increasingly negative cost-benefit balances.
The table below shows potentials for feasible recycling as estimated above, as well as
exemplary or estimated results of cost-benefit analyses, based on respective studies for
Austria and Sweden.
Interestingly commercial packaging and bottles cover more than 90 % of total
estimated net benefits, which are calculated by multiplying the respective masses with
the specific cost-benefit balances. The areas of the individual blocks in Figure 18 represent the absolute net benefits of the different recycling potentials as well.
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Sector
Commercial packaging films
Rigid commercial packaging
Silage films
Beverage bottles
Other bottles
Shopping bags
Domestic rigid packaging
≈ 25 other sectors
Other plastic waste
Total

Plastic waste mass
[% of total waste]
14,4%
1,6%
1,2%
7,2%
2,6%
1,2%
5,1%
11,3%
55,3%
100,0%

Cost-Benefit
balance
[EUR/t]
450
250
150
130
60
40
20
–10 to +20?
negative

Table 8:

Roughly estimated cost-benefit balances for recycling of most relevant
plastic waste streams. The line “≈25 other sectors” represent the estimated
average result of various sectors with 0.5% of total waste mass each,
where a positive cost-benefit-balance is already difficult to reach.

Figure 18:

Roughly estimated cost-benefit balances for recycling of most relevant
plastic waste streams. The cost-benefit balances (EUR/t of collected material) are shown on the vertical axis, while the tonnes of material collected
are shown on the horizontal axis. Therefore the resulting rectangles show
the absolute annual net-benefit of the recycling options.
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CBB results shown above can vary due to different conditions in different countries (cost
levels, technology) and due to the share of waste which is actually recycled within a certain waste stream (the first tonnes are cheaper than the last tonnes).

6.5

Can’t eco-design increase the sustainable recycling level?
(slide 42)

This is indeed a frequently asked question, and many aspects have to be considered for
correct answers, especially influences of changes motivated by “design for recycling” in
total life-cycle. The subject cannot be elaborated within this information pack, but facts
and explanation are definitely needed to explain why the potential influence of “design
for recycling is very limited.
Clearly any “design for recycling” should not be realised if resulting disadvantages in the
production and use phase are higher that the benefits for the end-of-life phase.
As a kind of meta-conclusion from many LCA projects Denkstatt has extracted the following “Sustainable Design Formula” (the bigger the text, the more important is the respective influence):

The “formula” wants to communicate that in many cases it is an optimised functionality
and quality, which gives the biggest influence to the total life-cycle balance. Therefore
eco-designers should not look so much for an “environmentally friendly material”, but
should ask, which material enables the best performance/quality/functionality with respect to the intended benefits in the use phase.
Beside this key factor also a small material demand per functional unit and an optimal
recovery/recycling-mix are important factors to reach a low eco-footprint.
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7

First Conclusions and Simple Criteria for EcoEfficient (Sustainable) Plastic Waste Management

7.1

Some general conclusions (slides 44 – 45)

1. Plastics contribute significantly to increased resource efficiency,
even at low recycling levels.
2. Simple but crucial facts are NOT KNOWN by the public.
3. No simple general waste hierarchy can be derived from LCA facts for
plastic waste streams. Individual LCA and CBA studies are needed to
check find eco-efficient and sustainable solutions.
4. Feedstock recycling and industrial energy recovery enable higher
environmental benefits than medium quality recycling
5. Eco-efficient recycling levels can be identified by cost-benefit analyses.
6. In some sectors recycling can be increased. Higher recycling rates
can be reached for certain applications like commercial films and
domestic bottles.
7. Beyond a certain level of recycling the additional (increasing) costs
cannot be justified by environmental benefits. Recycling beyond this
level will either be low quality recycling (no environmental benefits)
or will not be eco-efficient due to relatively high costs.
8. Other forms of recovery get more beneficial from LCA/CBA perspective beyond a certain level of mechanical recycling.
9. Every material and application has its specific beneficial recycling
range; the range can change with technology innovations, cost savings, available infrastructure, etc.
10.Future innovation can help to increase the potentials for ecoefficient recycling if costs of collection, sorting and recycling can
considerably be reduced
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7.2

Basic criteria for eco-efficient (sustainable) plastic waste
management (slide 46)

From the arguments presented in this first information package, the following basic criteria for eco-efficient (sustainable) plastic waste management can be derived:


For all recovery options: Do credits of substituted virgin materials or fuels
outweigh impacts of collection, pre-treatment, recycling?



Recycling: Only if





the additional costs (compared to energy recovery) divided by the
CO2-benefits are lower than e.g. 60 EUR/t CO2
(the selected value can be related to existing or future CO 2 reduction targets
and related marginal costs)



there are no risks of keeping restricted substances in products

Feedstock Recycling, Industrial Energy Recovery: criteria for finding optimal process:


Calorific value; substitution effects



Quality of waste stream (relevant material and chemical parameters; concentration of substances which are relevant for emissions or relevant from the
perspective of sustainable substance management)



Installed flue gas cleaning systems



Rest to MSWI with energy recovery; no landfilling; no littering



Social aspects: Social costs of separate collection, working conditions; consumer
health, safety, convenience

7.3

Proposed next steps

Denkstatt recommends upgrading available information and benchmarking values to identify most sustainable recycling/recovery options/levels for main relevant waste streams (4 – 10 CBA studies)


4 – 15 CBA studies would cover 66 – 85% of recycling potential



Add missing key information together with value chain experts



Develop list of criteria and benchmarking values further

Combine “facts” and “concerns” in stakeholder events


Many important facts are not common knowledge!



Present facts to key stakeholders; hear concerns of stakeholders



Clarify/define remaining questions to be solved together with those stakeholders



Present new answers to those questions to stakeholders
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7.4

Relevance of plastic packaging recycling (slide 48)

The relevance of environmental benefits resulting from plastic packaging recycling should
not be overestimated. From results of [Denkstatt 2007] we can derive:
The benefit of 1 year of separate collection & recycling/recovery of plastic
packaging (per person) is equal to saving 70 – 100 car kilometres.12

12

In Austria the current recycling of all plastic packaging generates a GHG net-benefit of 15.4 kg CO2e per
person and year. Using a fuel consumption of 7 litres per 100 km, and considering only direct emissions (no
emissions from oil extraction and fuel production), this is equivalent to 85 car kilometres.
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8
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