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0. Executive Summary
PVC products are made of PVC resin and additives. Regarding the possible move to
renewables, the focus should be put on PVC resin and plasticisers, for volumes and carbon
content reasons.
Chlorine content of PVC resin is 57%. Its source (common salt), although not renewable in
the strict sense, is almost inhexaustible, which positions PVC already rather well as part of
the debate on renewables.
Technically, the production of PVC resin from biomass is not an issue, whatever the biomass
type. Ethylene produced from biomass via ethanol has exactly the same characteristics as
ethylene produced from oil or gas, and there is absolutely no difference for the quality of the
produced resin.
The problem linked to the move to renewables is economic, environmental, and social.
The problem is economic because the attractiveness of the biobased raw materials is
directly connected to the respective prices of biomass, oil and gas, including shale gas. And
so far the cost of ethylene based on biomass production (including depreciation of new
specific investments) has not been low enough to give the possibility to sell the resin at the
price of the traditional raw material based resin. The consequence is that producers have not
significantly invested in that route and that customers have never been fighting for buying
biobased resin and pay a green “premium” which is difficult for them to pass on to their
markets.
Over the last few years, oil price have been high but not high enough to economically justify
a significant move to biomass. In addition, the development of shale gas production,
especially in the US, has been a serious competitor for biobased raw materials producers, to
such an extent that the ones who were committed to move to renewables have decided to
freeze their green plastics plans.
Seeing the rather low current traditional raw material prices, it is clear that no company will
move to renewables in the current circumstances, and put its financial sustainability at
serious risk.
In practice, only political measures would help move to renewables:
• developing legislation that removes duties on imports of biomass based feedstock;
• financing R&D and demo plants;
• supporting market development in order to ensure the concept is proven but stop at
the pre-competitive level in order to let the free market mechanism find the
appropriate balance;
• defining methodology for comparative sustainability assessments;
• encouraging green public procurement for bio-based products while avoiding
discrimination of products based on traditional feedstock having an equivalent
ecological performance on the basis of Life Cycle Analysis.

Regarding environmental aspects, there is some evidence that the use of biomass from
plants helps to reduce C02 emissions (because of the capture of C02 by the plants), but on
the other hand the environmental assessments results will very much depend on the
transport needs (location of the fields and of the facilities for ethanol and ethylene
production), the impact on nature (potential deforestation, agricultural land use, biodiversity),
and the location of the PVC resin production facilities.
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As regards the plasticisers, there are already many biobased plasticisers available on the
market. There are therefore technical possibilities to substitute traditional plasticisers, but
appropriate performance must be ensured, and market prices of biobased plasticisers must
be reasonable and competitive.
Finally, recycling potential should not be underestimated as part of the debate on the use of
renewables. With regard to the depletion of the non-renewable raw materials, recycling
achieves the same objective as moving to renewables, and even saving renewable raw
materials. In addition recycling helps to reduce energy consumption, and reduces use of
traditional waste management processes (incineration, landfilling). Because of its huge
recycling potential and its technical characteristics, PVC is definitely well positioned.

1. VinylPlus Commitment related to the use of Renewables
The
VinylPlus
voluntary
commitment
of
the
European
PVC
Industry
(http://www.vinylplus.eu/uploads/Modules/Documents/vinylplus_voluntarycommitment_2011.
pdf ) succeeded the Vinyl 2010 voluntary programme, and was published in June 2011.
Amongst the five challenges addressed by VinylPlus as part of the document, several subcommitments were made regarding the use of renewables (renewable raw materials), in
particular:
-

-

The setting up of a renewable materials task force (TF). VinylPlus wanted to develop
a plan to increase the use of renewable raw materials, if they are sustainable, as an
important pillar of sustainable development. The TF was aimed to coordinate the
discussion across the PVC value chain integrating all relevant stakeholders and
upstream manufacturers
The publication of a renewable materials task force status report

The process has encountered some delays because of the complexity of the topic.
This report is aimed to provide detailed information about the outcome of the discussion
across the PVC value chain, as part of the interim review of all VinylPlus voluntary
commitment targets foreseen in 2015.
It is important to mention that this report does not address the renewable energy issue,
which is a specific issue not really under the control of the PVC industry, and which will be
treated under the debate on the reduction of specific energy consumption, and the
subsequent corresponding report.

2. Definition of “Renewable”:
There is no single official / formal / legal definition of “Renewable”, but there is nevertheless
a common understanding of the meaning of the word.
A renewable raw material (RRM) is a material of plant, animal, or microbial biomass, which
are based on the photosynthetic primary production and are used by man outside the food
and feed area for material or energy production (Jering and Gunther, 2010). Hence it is in
principle an organic material containing carbon.
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Another interesting definition can be found on
Investopedia (http://www.investopedia.com/terms/r/renewable_resource.asp),
opposing “renewable” to “non-renewable”, and extending the scope to “resource”, not only
“material”:

'Renewable Resource'
A substance of economic value that can be replaced or replenished in the same amount or
less time as it takes to draw the supply down. Some renewable resources have essentially
an endless supply, such as solar energy, wind energy and geothermal pressure, while other
resources are considered renewable even though some time or effort must go into their
renewal, such as wood, oxygen, leather and fish. Most precious metals are considered
renewable as well; even though they are not naturally replaced, they can be
recycled because they are not destroyed during their extraction and use.
Renewable resources have become a focal point of the environmental movement, both
politically and economically. Energy obtained from renewable resources puts much less
strain on the limited supply of fossil fuels (non-renewable resources). The problem with using
renewable resources on a large scale is a cost problem and in most cases, more research is
needed to make their use cost-effective.

'Non-renewable Resource'
A resource of economic value that cannot be readily replaced by natural means on a level
equal to its consumption. Most fossil fuels, such as oil, natural gas and coal are considered
non renewable resources in that their use is not sustainable because their formation takes
billions of years.
Non-renewable resource fuels are still the primary source of all the power generated in the
world due to their affordability and high energy content.
Besides the environmental impact of burning fossil fuels, the economic impact of nonrenewable resources can also be very damaging. As non-renewable resources become
scarcer, the cost to obtain them will continue to rise. Eventually, the price will hit a point that
end users cannot afford, forcing a move toward alternative (sources).

3. Key existing documents from the EU institutions, Cefic, PlasticsEurope, VCI,
TNS on “Renewables”. VinylPlus views and comments
There are many documents and studies published on renewables and even more on
renewable energy. We have selected below a few ones which are representative and
provide on renewables the key views of the European institutions and from the industry
associations and bodies which are close to the European PVC industry.
3.1 Lead market initiative for Europe (LMI) - Communication from the Commission to the
Council , the European Parliament, the European Economic and Social Committee and the
Committee of the Regions - 21 December 2007
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52007DC0860&rid=7
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Following an invitation from the Competitiveness Council, the Commission presented in
2007 an initiative on lead markets, based on a broad stakeholder consultation for defining a
valid approach for fostering emergence of markets with high economic and societal value.
The LMI is an important component of the European Union’s strategic aim to promote
greater innovation in Europe that formed part of the
Lisbon agenda and is now a central feature of Europe 2020.
Six markets were identified for the initial stage of the initiative. They are highly innovative,
respond to customers’ needs, have a strong technological and industrial base in Europe and
depend more than other markets on the creation of favourable framework conditions through
public policy actions.
Out of them “recycling”, “biobased product” and “renewable energies”.
The document mentions:
-

-

-

Bio-based products are made from renewable, biological raw materials such as
plants and trees. The market segment chosen for the specific LMI includes non-food
new bio-based products and materials such as bio-plastics, bio-lubricants,
surfactants, enzymes and pharmaceuticals. It excludes traditional paper and wood
products, but also bio-mass as an energy source. The long term growth potential
for bio-based products will depend on their capacity to substitute fossil-based
products and to satisfy various end-used requirements at a competitive cost,
to create product cycles that are neutral in terms of greenhouse gas (GHG) and
to leave a smaller ecological footprint, i.e. generating less waste, using less
energy and water. Europe is well placed in the markets for innovative bio-based
products, building on a leading technological and industrial position.
Recycling reduces waste going to disposal, consumption of natural resources
and improves energy efficiency. It therefore plays an essential role in the move
towards sustainable consumption and production – not only in terms of energy but in
terms of all resources we produce. .......The EU has around 30% of world share of
eco-industries and 50% of the waste and recycling industries. Despite significant
market potential, barriers to market development remain. Potential is also significant
to improve efficiency and capacity, by encouraging innovation and introducing more
effective processes and technologies. This would save costs, energy, and natural
resources and help Europe to be less dependent on raw materials prices.
Renewable energy (RE): .....The development of renewable resources is held back
by three factors. First, the external costs of energy use are not fully reflected in
energy prices. Therefore, demand for RE, which on the whole has low external
costs, is sub-optimal. Second, important learning curve effects which would
lower prices in several technologies are exploited more slowly on account of
present low levels of demand. Finally, the fragmentation of RE support systems
and the existence of administrative and market barriers mean that the potential
of the internal market is not fully exploited.

This VinylPlus status report does not intend to address the renewable energy issue, but it is
worth to mention that it is clear that these three factors are not only valid for renewable
energy but also for all renewable resources.
A final evaluation report on the progress made, drafted by independent experts ( Centre for
Strategy and Evaluation Services –Oxford Research ) on the first round of the LMI was

presented in July 2011
(http://ec.europa.eu/enterprise/dg/files/evaluation/final-evallmi_en.pdf) and highlighted that :
-

In order to make progress, four different categories of policy instrument have to be
prioritised including:
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o

o
o

o

-

Legislation proposals (new legislation or modifications) and regulatory
measures to coordinate regulation that will foster innovation and remove
regulatory burdens and obstacles to innovation;
Promotion of the use of public procurement to foster the uptake of innovative
products and services;
Development of more consistent standardisation, labelling and certification to
encourage the diffusion of innovative practices and facilitate the development
of lead markets;
Other complementary actions to support the impact of the above instruments
including business and innovation support services or financial support
instruments for supply side activities.

Over the period 2007-2011 some progress was made regarding bio-based products
and recycling :
o

Bio-based products : With the co-operation of the European Committee of
Standardisation (CEN), several new standards have been produced that will
support the sector to work towards common innovative product goals. ......
However.....several policy barriers that restrict growth remain in place. If the
industry is to achieve sector wide competitiveness on a par with other regions
such as the U.S. and China, stakeholders have requested that the European
Commission appropriately align and develop the sector through its broader
innovation, agricultural and research policies.

o
Recycling : The recycling sector’s most notable achievement has been the
revision of the Waste Framework Directive. Importantly, this will provide the
market with a necessary framework with the introduction of, amongst other
things, end-of-waste criteria, which will reduce market barriers, encourage
innovation and leads to more harmonization and standardisation on an EUlevel.....
o

Overall, at this stage, it appears too early to assess causality between the
impact of the LMI and market growth.

The conclusion is that progress has been made, but is rather limited (e.g. end-of-waste
criteria for plastics issue is still in a dead end in 2015) and that further progress will be
depending on political willingness and budget allocation.

3.2 Taking bio-based from promise to market. Measures to promote the market
introduction of innovative bio-based products. A report from the Ad-hoc Advisory Group for
Bio-based Products in the framework of the European Commission’s Lead Market Initiative
(3 November 2009)
http://ec.europa.eu/enterprise/sectors/biotechnology/files/docs/bio_based_from_prom
ise_to_market_en.pdf
The Advisory Group's main recommendations to promote bio-based products are
summarised below:
Legislation promoting market development
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· The biological/biobased carbon contained in biobased products shall be deducted in
the calculation of the total CO2 equivalent emissions of the products.
· Consider setting indicative or binding targets for certain bio-based product
categories, drawing on the experience from biofuel quotas in the EU.
· Allow Member States to reduce taxes for sustainable bio-based product categories.
Product-specific legislation
· Allow bio-based plastic to enter all waste collection and recovery systems, including
composting, recycling and energetic recovery (depending on the type of plastic and
compliance with applicable standards). Bio-based plastics certified compostable
according to EN 13432 should gain unhindered access to biowaste collection.
· Study the possibility of mandating the use of biolubricants and hydraulic fluids in
environmentally sensitive areas. This could be implemented e.g. via soil protection
and water protection legislation.
· Bio-based construction materials (foams for insulation, composite material, mortar,
and concrete made of vegetative aggregate particles) have now become sufficiently
advanced to offer a real alternative. The Construction Products Directive should
promote the specificities of biobased products. In addition, new and transparent
standards showing the product capabilities are needed to help demonstrate that biobased materials comply with construction legislation.
Legislation related to biomass
-Legislation and policies must allow renewable raw materials for industrial use to be
available in sufficient quantity of good and guaranteed quality and at competitive
price.
· Increase investments in developing and optimising infrastructures and logistics for
an optimal use of all available biomass (including waste)
Encourage Green Public Procurement for biobased products
Encourage contracting authorities in all EU Member States to give preference to biobased products in tender specifications. A requirement or a recommendation to give
preference can be laid down in a national action plan adopted by the government.
Preference should be given to bio-based products unless the products are not readily
available on the market, the products are available only at excessive cost, or the
products do not have an acceptable performance.
Standards, labels and certification
· Develop clear and unambiguous European and international standards. The
standards will help to verify claims about bio-based products in the future (e.g. biodegradability, bio-based content, renewable carbon, recyclability, and sustainability).
· The sustainability assessment should be based on all three pillars of sustainability:
environmental, social and economic. While we need (to develop) tools to assess
sustainability of products, we need to ensure the tools used will stimulate and not
limit the development and implementation of bio-based products.
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· Begin a reflection process on what types of specific product labels are suitable for
bio-based products and what information to be given to the consumer.
Financing and funding of research
Continue to stimulate and enhance technological innovation and the development of
technology: setting up demonstration projects via public private partnerships.

Regarding the markets for bio-based products, the report mentions:
The Bio-based Products Lead Market covers a broad range of intermediate products,
product components, and ready-made products, e.g. bio-based plastics, bio-lubricants, biofibres for textiles, composite materials for construction and automotive, chemical and
pharmaceutical building blocks, organic acids, amino acids, and enzymes. Biological raw
material from plants and trees, or waste, is renewable in the short term (less than 10
years), as opposed to fossil material renewable in 10 million years. Bio-based products can
thus make a sizeable contribution to CO2 reductions.
There are already several bio-based products on the market in Europe; for instance, the
chemical industry is estimated to use 8-10% renewable raw materials to produce various
chemical substances.
In other market segments, the market shares for bio-based products are still very low.
Europe has a few small companies specialised in bio-based products and several major
chemical companies developing bio-based applications.
The aim is to enhance market demand for eco-efficient bio-based products, in order to
exploit the positive environmental impact of bio-based products. A limited availability and
increasing relative cost of fossil resources are driving factors for an increased demand for
bio-based products in the EU, as well as policy developments intended to mitigate climate
change and promote sustainable production and consumption.
In addition, bio-based products may offer specific innovative properties that have
advantages over other products. For example, in sensitive environments, hydraulics and
chains can use biodegradable lubricants that are non-toxic to soil and water.

3.3 Use of renewable raw materials with special emphasis on chemical
industry : ETC/SCP report 1/ 2010
http://scp.eionet.europa.eu/publications/Use%20of%20RRM/wp/WP2010_1

This is a working paper prepared by the European Topic Centre on Sustainable
Consumption and Production for the European Environment Agency (EEA) and published in
March 2010.
The EEA wants to support the sustainable use of natural resources and further develop
sustainable consumption and production patterns in the production sector.
A broader use of renewable raw materials (RRM) and the substitution of fossil based
materials and products by RRM could be an important step to that goal.
The study gives a general overview on the industrial material use of RRM in Europe
and a first assessment of the environmental aspects of RRM. It confirms that the
environmental impacts of RRM are highly complex and affect global, national and
regional levels. Therefore further research on the environmental implications of RRM
is needed to provide a more sophisticated basis for political decision makers.
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It confirms as well that no accurate data exists for the whole Europe; only rarely
updated estimations based on expert interviews. Moreover a periodic gathering of the
few existing figures does not take place, leading to insufficient and inadequate data
availability.
One of the key conclusions is that one of the most promising innovative biobased
products are bioplastics.

3.4 Renewable raw materials in the Industrial Chemical Industry (Christine
Dahlson-Rutherford, College of DuPage, Chemistry 1105, ESSAI: Vol. 10,
Article 15, 04.01.2012)
http://dc.cod.edu/cgi/viewcontent.cgi?article=1407&context=essai
The most interesting part of the article is related to ethanol and to cost considerations:
Of course no discussion of bio-based or RRM would complete without discussing ethanol.
Ethanol represents one of the most successful uses of RRM the world has seen. As of 2010,
less than 10% of world ethanol production for industrial use was produced by chemical
synthesis from crude oil or natural gas (Jering and Gunther, 2010). Biotechnical ethanol
production is the large-scale fermentation using agricultural biomass as feedstock
(sugarcane, sugar beet, or starch plants such as corn), followed by purification of the
resulting ethanol by distillation (McLaren and Faulkner, 2010).
Ethanol is then used to produce fuels, medicines, colourings, scents, flavourings, solvents,
and a host of other products (Jering and Gunther, 2010).
In all of the readings and government reports I saw, cost was never really brought up.
Considering the growth of plant based products in place of petroleum, and the fact that the
continents of Europe and Africa are ahead of North America in their use and production of
bio-based product, cost does not appear to a huge consideration. Considering myself and
many people I have spoken to, most of us would be willing to pay a little more for a biobased product that was considered ‘green’.
.

3.5 Commission proposed strategy for sustainable bioeconomy in Europe
http://ec.europa.eu/research/bioeconomy/news-events/news/20120213_en.htm
The European Commission adopted in February 2012 a strategy to shift the European
economy towards greater and more sustainable use of renewable resources. With the world
population approaching 9 billion by 2050 and natural resources finite, Europe needs
renewable biological resources for secure and healthy food and feed, as well as for
materials, energy, and other products. The Commission's strategy and action plan,
"Innovating for Sustainable Growth: a Bioeconomy for Europe", outlines a coherent, crosssectoral and inter-disciplinary approach to the issue. The goal is a more innovative and lowemissions economy, reconciling demands for sustainable agriculture and fisheries, food
security, and the sustainable use of renewable biological resources for industrial purposes,
while ensuring biodiversity and environmental protection. The plan therefore focuses on
three key aspects: developing new technologies and processes for the bioeconomy;
developing markets and competitiveness in bioeconomy sectors; and pushing policymakers
and stakeholders to work more closely together.

9

The term "Bioeconomy" means an economy using biological resources from the land and
sea, as well as waste, as inputs to food and feed, industrial and energy production. It also
covers the use of bio-based processes for sustainable industries. Bio-waste for example has
considerable potential as an alternative to chemical fertilizers or for conversion into bioenergy, and can meet 2% of the EU renewable energy target.
The EU bioeconomy already has a turnover of nearly €2 trillion and employs more than 22
million people, 9% of total employment in the EU. It includes agriculture, forestry, fisheries,
food and pulp and paper production, as well as parts of chemical, biotechnological and
energy industries. Each euro invested in EU-funded bioeconomy research and innovation is
estimated to trigger €10 of value added in bioeconomy sectors by 2025.
The Commission's proposal is one of the operational proposals under the Innovation Union
and Resource–efficient Europe flagships of the EU 2020 strategy. The need to increase
public funding for bioeconomy research and innovation has been recognised under the
Commission's future research programme Horizon 2020: €4.7 billion has been proposed for
the Challenge "Food security, sustainable agriculture, marine and maritime research, and
the bioeconomy", with complementary funding in other areas of Horizon 2020.
Cefic has commented on this EU Commission proposed strategy ( see Cefic views on
the
EU
Bioeconomy
–
June
2012
http://www.cefic.org/Documents/PolicyCentre/Industrial%20Policy/Cefic_Views_on_the%20_
Bioeconomy.pdf) and considers the bioeconomy’s implications for the chemical
industry as composed of three clear dimensions: access to renewable feedstock,
innovation and market-driven demand generation.

3.6 Cefic discussion paper on renewable feedstock for the chemical industry ambition and reality (30 November 2010)
(http://www.cefic.org/Documents/PolicyCentre/Industrial%20Policy/Cefic%20Renewable%20
feedstock%20paper%20final%2030%20November%202010%20%283%29.pdf)
This discussion paper was already preparing the comments on the EU Commission
proposed strategy dated June 2012, and highlighted as conclusions that:
There is huge potential to increase the share of biobased chemicals, in line with the
objectives set by the HLG (High Level Group) on the Competitiveness of the European
Chemicals Industry and in the EU 2020 Strategy. Given that industry cannot control
many of the factors that play a role, it cannot commit however to any fixed targets. In
order to reach the objective of increased use of sustainable feedstock, industry realizes that
it needs to invest in bio-based R&D, process facilities, demo plants and eventually in
production capacity. However, it should be a joint Public-Private Partnership or an Innovation
Partnership Initiative effort and investment in which governments and the European
Commission take like responsibilities. The EU needs to develop an integrated policy to
stimulate a sustainable European bio-based economy, covering the full value chain;
otherwise that ambition will not be feasible. Integrated means that the policies of the
various relevant DGs, EC programmes and potentially structural funds need to be
synchronized and aligned, according to the Flagship approach rationale to create a
favourable environment for a bio-based economy. Care needs to be taken that the bio-based
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products are not only green but also sustainable, and that market economy principles should
prevail with supports compliant with the EC competition rules and State Aid guidelines.
Indeed, whilst barriers to bio-based chemistry should be removed, this should not lead to
new discrimination against fossil-based chemicals that have an equivalent ecological profile.
The recommendations developed under the Lead Market Initiative on bio-based products
should serve as guidance for the EC‟s policies. And the Commission should develop and
implement a coherent strategy and action plan to capitalize on European bio-based
economy investments made hitherto. When developing policies, the EU needs to:
• develop legislation that removes discrimination of biomass for feedstock use
and is targeted towards sustainability rather than green only;
• support market development in order to ensure the concept is proven but stop
at the pre-competitive level in order to let the free market mechanism find the
appropriate balance;
• define standards, labels & certification (international sustainability
assessments, labelling);
• encourage green public procurement for bio-based products while avoiding
discrimination of products based on traditional feedstock having an equivalent
ecological performance on the basis of Life Cycle Analysis; and
• finance/fund R & D and demo plants, e.g. bio-refinery demos.
However, the key message is that Europe can only develop a robust bio-based economy
when industry has access to sustainable renewable feedstock in sufficient quantities, of
guaranteed quality and at competitive (world market) prices. Distortions caused by
regulations favouring fuel and energy over feedstock use should be
removed, and import duties for bio-based feedstock should be as low as for fossil based
feedstock. Therefore, the new Common Agricultural Policy (post 2013) should take into
consideration all uses (food and feedstock uses).
The EU 2020 flagship initiative Innovation Union can help fill the funding gap.
SusChem, with strong support from Cefic, has proposed four public private partnerships,
covering biotechnology and specific renewables opportunities that will ensure a stronger
private role and engagement in executing programme implementation and related call
proposals.

3.7. VCI ( Verband der Chemischen Industrie e.V.) : Chances and limitations
for the use of renewable raw materials in the chemical industry. October 2012.
See ANNEX 1
The core statements of the document are:
• Renewable raw materials have been established for a long time in the chemical
industry: they are used in applications where they bring technical and economic
advantages
• Resource efficiency and sustainability are important guiding principles for the
chemical industry. The use of renewable raw materials only contributes to a
sustainable development where it is advantageous also from ecological and
social aspects-beyond technical and economic feasibility
• Chemistry needs renewable raw materials at competitive world market prices ;
existing trade obstacles should be reduced or eliminated
• Further research and development efforts are required to open up new fields of
application for the material use of renewables in the chemical industry. It is essential
to have laws and regulations conducive to innovation so that research and market
potentials can be utilised to the full
11

•

•
•

Innovation is a major lever for a broader material use of renewables. For this
reason, actions by public administrations should focus more strongly on promoting
research and development ( R&D). By contrast, economic or fiscal steering
instruments are unsuitable and cannot achieve the identified goals
For the future, an integrated political strategy for the various use path of biomass
(energy, fuels and materials) should be striven for. This strategy needs to create
equal competitive conditions and aim for sustainability of the various uses
Already today, chemical companies use renewable raw materials in significant
volumes : without any support schemes and not in spite of but because of the
conditions set by the market for the chemical industry

3.8 TNS briefing note on Renewables ( 25 April 2014) . See ANNEX 2
This note was aimed to identify possibilities for progress in the implementation of the
VinylPlus renewables programme. It mainly highlights the absolute need to ensure that the
move into renewables is made in a responsible manner:
Responsible biotechnology – the emergence of biofuels highlighted issues like food vs
fuel and a shift into renewables as feedstocks will raise similar questions around trade-offs
and unintended consequences. We have only recently seen evidence of well-thought out
plans for responsible biotechnology and would like to present the following guiding principles
as an example of the types of considerations that should be made when moving into
renewables:
1. Aim to achieve substantial societal and environmental benefits, as well as business
benefits.
2. Support regulatory and governance structures that put public interest and private gain on
equal footing, and promote extensive stakeholder engagement.
3. Avoid adverse impacts on food security and affordability.
4. Secure demonstrable, substantial reductions in greenhouse gas emissions.
5. Commit to production systems that optimise conditions for biodiversity and healthy
ecosystems.
6. Commit to manufacturing processes that maximise the value of all feedstocks (e.g.
closed-loop systems).
7. Place no additional burdens on the availability of scarce water supplies.
8. Avoid any risk of gene transfer in the open environment.
9. Pose no threat to human health.
10. Achieve the highest standards of health and safety both for workers and surrounding
communities.

3.9 VinylPlus views and comments:
VinylPlus appreciates and supports the initiatives taken so far by the European Union
institutions and decision makers in order to promote the move to renewable raw materials.
However, VinylPlus considers that that these initiatives are not sufficient to develop
fundamental structural changes in the industry and the society, suitable to favour such a
move. Market conditions, in particular the ones linked to competition with traditional raw
materials, are not met today to allow individual companies or even industry sectors to
decide on such a move, because of the high risk of being driven out of the market.
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Only global significant political decisions (competition is global today) would allow
rapid changes, but they would imply global agreements which are unrealistic today
because of the differences in the economic development of the various regions of the
globe. As a consequence, renewable raw materials will in the short term only be used for
niche markets, where eco-marketing is key for the image of the products.

Regarding mid- and long term development, VinylPlus shares the views of the industry
associations which are mentioned above, and want to insist on the following:
•

•
•
•

Moving to renewables is worthwhile only if it achieves more sustainability. A
globally agreed comparative sustainability assessment methodology should be
developed, including all sustainability aspects (C02 emissions, other
environmental impacts, agricultural land use, deforestation, transport, external
costs, ...)
All existing trade barriers limiting the use of renewables should be lifted
Green public procurement for bio-based products should be encouraged when
providing an equivalent sustainability performance
R&D on renewables should be financed / funded, in particular to support the
development of the 3rd generation of ethanol production ( see 6.123 , because
one can grow algae everywhere in the world and it alleviates the land use
issue.

4. The current economic situation of the plastics market in Europe, particularly
PVC. Perspectives
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The plastics production is still below the pre- 2008 crisis level. This is due to several factors:
- of course the general economic situation in Europe
- the increasing share of primary plastics imports from non-EU countries due to lower
production costs
- the competition in export markets which is becoming more and more problematic because
of the difference of energy costs in the US compared to the EU (shale gas production) and in
the Middle East
Regarding PVC specifically, the situation is worse because of the depressed situation of the
building and construction activity in Europe. The evolution will in any case be linked to the
one of the building and construction sector, which is the main sector for PVC applications.
This does not help of course to motivate the industry to invest in costly developments of new
renewable raw materials, when it has to fight for its survival.

5. The specific aspects of shale gas extraction development and the impact on
the European PVC industry. Perspectives

Cefic Position Paper on the Implications of the shale gas revolution for the European
chemical industry (15 March 2013):
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( http://www.cefic.org/Documents/PositionPapers/Cefic-Position-on-The-Implications-of-theShale-Gas-Revolution.pdf )
Key Messages and Recommendations:
•The European chemical industry considers that shale gas is an opportunity for Europe.
Developing it in a safe and responsible way has the potential to strengthen industry’s
competitiveness and create jobs. Cefic encourage European policymakers to explore this
opportunity and is willing to contribute industry’s expertise to the debate.
•The shale gas revolution in the United States is having an impact on the European
chemical and manufacturing industries, as the availability of energy and feedstock from
shale gas creates a significant competitive advantage for the US industry.
•With the exception of the Middle East, where energy and feedstock resources are plentiful,
regions not having access to shale gas are suffering from a competitive disadvantage. Shale
gas is being developed on a global scale, so other world regions will potentially take
advantage of similar benefits in the future
.•Natural gas (including shale gas) can help Europe meet its greenhouse gas emission
reduction targets in a cost-effective manner, thus providing an important step towards a low
carbon economy.
•Shale gas can contribute to Europe’s energy security, and has a key role to play in
balancing intermittent renewable sources of energy.
•Shale gas can also provide a competitive source of feedstock for the chemical industry.
•Europe has significant potential shale gas resources. Delaying the development of shale
gas in Europe will increase dependence on imports, reduce the competitiveness of
European industry, reduce investments in our industry, and –over time –lead to a reduction
in employment and manufacturing in our regions compared to the rest of the world.
For all the above reasons, Cefic considers that the development of both indigenous and
imported shale gas could make an important contribution
to our industry and its value chains. Cefic therefore asks European and Member State
Authorities to take action along the following lines:

•Accelerate the responsible exploration and production of indigenous shale gas by avoiding
the creation of unnecessary regulatory barriers,
giving appropriate attention to human health and the environment, and supporting the public
with solid information about the economic benefits
of shale gas, so Europe does not lose this opportunity to strengthen
its industrial competitiveness and maintain and generate growth and jobs.
•In addition, it would be positive to have an increased flow of LNG and also NGLs into
Europe, as an additional source of energy and petrochemical feedstock. Attention should be
given to this topic in the context of the EU-US trade discussions, in order to overcome
existing barriers, ensure no new barriers are erected, and enhance the competitiveness of
the European chemical and manufacturing industries.

NGOs in general and in particular Greenpeace are against shale gas exploitation for reasons
which are developed in
http://www.greenpeace.org/eu-unit/Global/eu-unit/reportsbriefings/2012%20pubs/Pubs%202%20Apr-Jun/Joint%20statement%20on%20fracking.pdf.
In addition to environmental and safety reasons, their main argument is that savings in
general and a significant reduction of CO2 emissions provide the only viable path to an
environmentally sustainable and healthy future.
VinylPlus views are that shale gas exploitation in Europe is most probably a
necessary intermediate step to maintain Europe’s competitiveness toward other
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global regions during the rather long period of time which will be indispensable to
effectively move to renewables.
Of course, shale gas exploitation development should go in parallel with a panEuropean approach related to:
• a comprehensive programme of C02 emission reduction ( targeting in
particular building insulation )
• clear and binding rules for fracking activities
• clear methodology for assessment of the impacts and risks connected to
fracking itself, chemicals use, water use, water pollution, air pollution, seismic
activities, ….
It is worthwhile to mention that the development of shale gas exploitation will certainly
depend on the evolution of oil prices. The recent significant and rapid decline in oil prices
has raised serious concerns within the shale gas exploitation community, in particular related
to return on investment, and the subsequent risk of not being able to reimburse their loans,
as shale gas has in any case to compete with oil on the markets, and adapt its prices.

6. Opportunities for moving from Traditional Raw Materials to Renewables:
PVC products / applications are made of PVC resin and additives (stabilisers, plasticisers,
pigments, impact modifiers, fillers,.....). Resin, plasticisers and fillers all together always
represent in weight more than 90-95% of the final product.
Approximately 80% of all the fillers used in PVC is calcium carbonate. Titanium dioxide is
second (plays also the role of white pigment and UV stabiliser) at around 12%, followed by
calcined clay at about 5%. The remaining few percent is taken up by other materials,
including glass and talc. They are not organic materials and hence fillers cannot be subject
to moving to renewables.
The analysis and the comments below are consequently only related to the potential move to
renewables of PVC resin, plasticisers and stabilisers.

6.1 Production of PVC resin:
6.11 The specific case of chlorine:
PVC is a thermoplastic made of 57% chlorine (derived from salt) and 43%
carbon (derived predominantly from oil / gas via ethylene). It is consequently
much less dependent than other polymers on crude oil or natural gas, and
hence very different from PE, PP, PET and PS, which are totally dependent
on oil or gas.
With salt being its primary raw material, PVC uses comparatively few nonrenewable fossil fuels in its production, which is both an environmental and
economic advantage.
A renewable resource (and all the more a renewable raw material) is any
natural resource that replaces itself given enough time. The rate of
replenishment must be equal to or faster than the rate of usage. Hence salt is
not strictly speaking a renewable material. Nevertheless salt is one of Earth's
most abundant minerals, and there is little danger of humans ever running
out.
Salt is coming from mines or from sea water.
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150 m is the thickness of salt which would be spread over entire Earth
surface, if oceans were evaporated.
http://oceansjsu.com/105d/exped_intro/salt_layer_calculation.pdf). And this
does not include salt mines…..

6.12 Ethylene from oil versus Ethylene from Renewables :
Ethanol has been produced by the fermentation of carbohydrates for thousands of years. In
the late 1930's, due to low oil prices, ethanol was also industrially obtained through direct
and indirect hydration of petroleum-derived ethylene.
The rising crude petroleum price has motivated researches on ethanol from biomass
sources. Ethanol from biomass can be produced by the fermentation of starch (from corn),
sugar (from sugarcane) or waste lignocellulosic biomass (such as corn stover or switch
grass), and even of algae. After adsorption /distillation steps, dehydration, an endothermic
equilibrium reaction is carried out in the presence of a catalyst to produce ethylene. There
are different processes linked to different patents, but all are based on the same principle:
fermentation and dehydration.
Hence there is no technical obstacle to the production of bio-based PVC. We can list three
generations of bio-ethanol production processes

6.121

1st Generation --grain and sugar based ethanol:

See in particular an interesting document “Bioethanol production and use
“supported
by
the
EU
Commission
as
part
of
FP6
http://www.erec.org/fileadmin/erec_docs/Projcet_Documents/RESTMAC/Broc
hure5_Bioethanol_low_res.pdf
Today the processes of milling (cutting of cane into regular pieces) and raw sugar refining
are usually done together on one site. During the milling the sugar cane is washed, chopped
and shredded by revolving knives. The shredded cane (20-25cm) is fed into mill
combinations which crush and extract the cane juice. The juice is filtered and pasteurised
(treatment of heat to kill micro-bacterial impurities) along with chemicals. Bagasse, the waste
matter from the cane sugar is used as a fuel for the bioethanol plant boilers and it can
produce heat and steam on a self-sufficient basis. The cane juice is filtered to remove
vinasse –the unwanted non-alcoholic black-red liquid. Vinasse has been considered an
annoying waste product and as a burden and environmental hazard due to its viscous nature
and high acid content. Some uses include combustion and use as potassium fertilisers. After
the vinasse is removed the syrup is then put through evaporation and cooling crystallisation.
It leaves clear crystals and molasses.
The molasses are separated from the crystals by centrifugation. And further pasteurisation
and fermentation processes take place before distillation to a higher concentration of
alcohol.

In Brazil, 1 ha land gives 82.5 tons sugarcane which gives 7200 l ethanol which gives 3 tons
ethylene.
Ethanol is widely used as fuel in Brazil and in the United States, and together both countries
were responsible for 87.1% of the world's ethanol fuel production in 2011.
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6.122

2nd Generation –lignocellulosic material to ethanol

The second generation of bioethanol production holds the potential benefit of achieving
better carbon savings per hectare of land than the first generation and a wider range of lower
cost feedstocks including straw, waste paper and waste wood.
These benefits will require substantially higher plant capital and operating costs, and until
these technologies have been tried and tested there will be a significant level of technology
risk.
The second generation production methods that can convert ligno-cellulosic (woody) plant
matter into ethanol would allow more biomass to be converted to ethanol, either by using the
whole of conventional crop or faster growing crops such as switchgrass.
The key technical problem is how to break down the resilient lingo-cellulosic carbon chains
into molecules that can be converted to ethanol or other liquid fuels such as methanol or
butanol.
However, despite these concerns, successful commercialisation of renewable feedstocks is
indeed possible. For example, INEOS Bio has recently completed the construction of the
world’s first commercial scale, 130M$ bioethanol production at Vero Beach, Florida using
new advanced bioenergy technology to convert waste to renewable fuel and electricity. The
technology is based on a combination of gasification and fermentation technology for the
conversion of biomass waste into bioethanol and renewable power. The renewable
resources are sourced from vegetative and wood waste.
During 2013 the plant was commissioned and is currently being optimised with debottlenecking; once achieved the annual output will be increased to approximately 24KT of
cellulosic ethanol and 6MW of renewable power.

Another example of development is the involvement of INEOS in the Hållbar Kemi 2030
project. INEOS Sverige AB is one of five key chemical companies forming a chemical cluster
in the Stenungsund region of Sweden. Through this cluster a unique partnership has
emerged, creating a vision known as Sustainable Chemistry 2030 (Hållbar Kemi 2030).
The common vision is to ensure that by the year 2030, Stenungsund will be the hub for
the manufacture of sustainable products within the chemical industry. Its vision is that
operations will be based on renewable feedstocks and energy which will contribute to a
sustainable society. In particular, various feedstocks will be evaluated for potential
sources of ethylene derived from renewable sources. Importantly, one of the key sources
of renewable feedstocks is available from the forestry industry which has an abundance
of natural resources. Bringing industries together that, to date, have had no common
interest, is one of the unique aspects of Hållbar Kemi 2030. Transforming this vision to
reality will require both focus as well as a step-wise approach to create flexible platforms
towards commercial realisation.
The key technical problem is how to break down the resilient lingo-cellulosic carbon chains
into molecules that can be converted to ethanol or other liquid fuels such as methanol or
butanol.
In Italy, the Crescentino's Biorefinery opening was celebrated in October 2013. Operating at
full capacity, the bio-refinery constructed by Beta Renewables (Mossi Ghisolfi
Group) will produce 75 kT/y of second generation bioethanol from non-food
biomass such as agricultural residues. The project was supported by the European
Commission within the 7th Framework Programme for Research and Technological
Development.

18

6.123

3rd Generation: biowaste and algae based ethanol:

A process to produce bio-ethanol from algae is being developed by the company Algenol
(http://www.algenol.com/direct-to-ethanol/direct-to-ethanol). Rather than growing algae and
then harvesting and fermenting them, the algae grow in sunlight and produce ethanol
directly, which is removed without killing the algae. It is claimed the process can produce
6,000 US gallons per acre (56,000 litres per ha) per year compared with 400 US gallons per
acre (3,750 l/ha) for corn production.
Paul Woods, Algenol Founder and CE0 published the following press release in January
2015: “Each and every day Algenol moves closer to commercial production of our advanced
technology. This year, 2015, is the year we announce our first commercial facility, to be
located in the United States. This first facility will provide the basis for rapid expansion
around the world in suitable locations. Our company progress was recognized in a number
of ways during 2014. Algenol was awarded the PLATTS Global Energy Award for
Leadership in the Biofuels Industry and recognized as the #1 American and #3 Global
“Hottest” Company in Bioenergy by Biofuels Digest. The EPA approved our Direct to
Ethanol® Pathway for the Renewable Fuel Standard (RFS) and our Microbial Commercial
Activity Notice or MCAN. Both approvals were critical steps needed for our commercial
advancement.
As we continue our march to commercialization we have begun to operate our expanded
Integrated Biorefinery and commercial module demonstrating our ability to produce the four
most important fuels (ethanol, gasoline, jet, and diesel) for approximately $1.30 per gallon.”
This seems to be an attractive and cost effective technology, pending of course confirmation
of the performances.

6.124

Perspectives

The feasibility of the first generation processes, based on grain and sugar has been
technically demonstrated, and plants have already worked on an industrial scale.
The feasibility of the second generation processes based on lignocellulosic materials has
been demonstrated at laboratory level, The functioning at industrial scale has still to be
optimised and confirmed, depending very much on the quality of the raw material.
However, both first and second generation are presenting characteristics which do not
necessarily make them attractive for investors, certainly not at the present time:
- their financial competitiveness compared to traditional processes based on oil or gas is not
evident, and is very much depending on oil and gas prices
-their financial competitiveness is also very much depending on the localisation of the
fields/forests, and the localisation of the ethanol production factories and customers factories
(transport costs)
-sugar cane and forests can only grow in certain regions, and there is not enough suitable
land available in these regions to supply the whole world with ethanol -except in some
specific cases, where green marketing can provide a commercial advantage, the customers
are not prepared so far to pay a green premium to buy biobased products
-the environmental footprint of these two generation processes is not evidently better than
the ones of traditional production processes, and comparative recognised and accepted
assessment methodologies are not yet available at global level.
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The third generation appears much more promising, as algae production can be made
without significant land use, and most probably without a significant impact on the
environment.

6.2 Production of biobased plasticisers and already commercialised biobased
plasticisers
Plasticisers can represent up to 50% of the final PVC product weight, hence it is important to
address plasticisers when investigating the move to renewables potential. The annual
plasticisers consumption at global level is around 6 million tons when it is around 1 to 1,2
million ton in Europe.
General purpose phthalates represent 88% of the global plasticiser consumption. DEHP (di2-ethylhexyl phthalate), DINP (di-isononylphthalate) and DIDP (di-isodecylphthalate) account
together for more than 83% of the worldwide demand (DEHP alone stands for 50%). In
Western Europe the plasticiser market is roughly made of 72% phthalates, mostly high
molecular weight ones (DINP and DIDP). Phthalates are 100% manufactured from fossil
fuels, what raises concerns in terms of carbon footprint and long-term sustainability
Bio-based plasticisers have grown in importance in the past few years as a result of
increasing challenges due to climate change and sustainability issues.
Of course they are not safe per se, and their their toxicological properties must be analyzed
in the same way as for conventional plasticisers.
The most usual raw materials for these new plasticisers are the oils extracted from castor
plant, soybean, palm, rapeseed, sunflower, linseed but also from starch (corn, potatoes and
wheat).
Replacing a general purpose plasticiser, however, is not an easy task. Aspects like
economics (price and availability), performance (process ability, long term compatibility and
others) and toxicology have to be taken into consideration. Also, in the case of bio-based
materials, factors like land use, water consumption and competition with food are always a
concern.
Several biobased plasticisers are already commercialized. Their performances are similar to
the ones of traditional plasticisers. A few examples are listed below without any particular
value recommendation:
•

V-ZICLUMST GP from Varteco Quimica Puntana S.A. (Argentina): 100 % biobased
general purpose plasticiser whose main component is epoxidized soybean oil with
the lowest saturated soybean oil and the highest iodine value. Dioctyl adipate is
added in a minimum quantity to improve low temperature performance.

•

Polysorb® ID 37 from Roquette Frères , France, is a 100 % biobased composition of
isosorbide diesters coming from starch and vegetal oils.

•

Soft-N-Safe® from Danisco, Denmark, is a
80% biobased fully acetylated
monoglyceride based on fully hydrogenated castor oil, glycerine and acetic acid.

•

Nexo E01from Nexoleum , Brazil , is 95 % biobased methyl ester of epoxidized
soybean fatty acid.

•

Resiflex® K50, from Resypar, Brazil, is 100% biobased monomeric primary
plasticizer derived from soybean (Amyl epoxy stearate ).

20

6.3 Production of biobased stabilisers
The main stabilisers are metal compounds, anionic parts of which are often organic (e.g.
stearate). Sometimes co-stabilisers (organic materials such as polyols or epoxidised esters)
or even organic tin stabilisers are used. However stabilisers do represent a small part of the
weight of final product.
As a consequence, as part of the potential move to renewables, the focus should be put on
PVC resin and plasticisers, rather than on stabilisers.

6.4 Products the most susceptible to be quickly made from Renewables
The market share of biobased polymers compared to the one of traditional polymers is still
rather small, with the consequence that guaranteed 100% Green Polymers technically
similar to traditional polymers are sold at a higher price (added “green “premium). The
customers who are prepared to accept and pay this premium are only the ones who can
include this premium in their own sales prices, i.e. the producers of luxury applications ( e.g
.luxury “leather” goods ) , and use the “Green label” as an marketing tool. Hence the
products the most susceptible to be made of green polymers in the near future are definitely
niche products.

7. Already existing experiences of the use of Renewables in the
plastics industry
“Nova-Institute of Germany published in 2013 the most comprehensive market study of biobased polymers ever made. See ANNEX 3. Nova-Institute carried out this study in
conjunction with renowned international experts from the field of bio-based polymers. It is the
first time that a study has looked at every kind of bio-based polymer produced by 246
companies at 366 locations around the world and it examines in detail 114 companies in 135
locations. Considerably higher production capacity was found than in previous studies. The
3.5 million tonnes represent a share of 1.5% of an overall construction polymer production of
235 million t in 2011. Current producers of bio-based polymers estimate that production
capacity will reach nearly 12 million t by 2020. With an expected total polymer production of
about 400 million t in 2020, the bio-based share would increase from 1.5% in 2011 to 3% in
2020, meaning that bio-based production capacity will grow faster than the total production.
The most dynamic development is foreseen for drop-in biopolymers, which are chemically
identical to their petrochemical counterparts but derived from biomass. This group is spearheaded by bio-based PET (Bio-PET) whose production capacity will reach about 5 million
tonnes by the year 2020, using bioethanol from sugar cane. The second in this group are
bio-based polyolefins like PE and PP, also based on bioethanol. But “new in the market” biobased polymers PLA and PHA are also expected to at least quadruple the capacity between
2011 and 2020. PA and PBS polymer families are not mentioned here, since most of the
activities for these polymers are in the area of the precursors.
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Most investment in new bio-based polymer capacities will take place in Asia and South
America because of better access to feedstock and favourable political framework. Europe’s
share will decrease from 20% to 14% and North America’s share from 15% to 13%, whereas
Asia’s will increase from 52% to 55% and South America’s from 13% to 18%. So the shares
of the world market are not expected to shift drastically, which means that every part of the
world will experience development in the field of bio-based polymer production”.
These conclusions should nevertheless not obscure the difficulties to move to renewables.
As an example, Braskem operates a 'green' PE plant in Triunfo in Southern Brazil, with
capacity of 200 kT/y, which began production in 2010. This marked the beginning of Green
PE production on a commercial scale, securing the company's global leadership position in
bioplastics. However the plant has run so far below the full capacity and Braskem is still
developing the market and growing its sales (and production) year by year.

In addition, the company had said it planned to build a bio-based PP plant with capacity of at
least 30 kT/y as well as another PE plant.
But in February 2013, Braskem’ CEO said it does not plan to invest in 2013 in new plants
that use ethanol from sugarcane to produce PP or PE.
Dow Chemical and Mitsui have also delayed their project to produce PE from sugarcane in
Brazil. In the project, ethanol would be used to produce 350,000t/y of various grades of PE.
The project would have been the world's largest biopolymers investment.
It is clear that for all companies the economics of bioplastics production has come into
question because of the availability of cheap shale gas feedstock in the US.

8. Already existing experiences of the use of Renewables in the PVC resin
manufacturing sector, and ongoing developments
Similarly to the examples given for the plastics industry, the examples below are certainly
not part of an exhaustive list of existing PVC production plants based on biobased ethylene.
They just aim to show that running PVC production plant based on biobased ethylene is not
only possible but already existing. However, the feasibility has to be assessed on a case by
case basis, and is so far limited to a few examples in regions where growing sugar cane is
not an issue.
8.1 Chemplast Sanmar (flagship company of the Sanmar Group, India) commissioned in
September 2009 a PVC project at Cuddalore, Tamil Nadu, which has been a major step
forward for the Group. The facility has an annual capacity of 221,000 tons of PVC and is the
largest chemical project to come up in the state of Tamil Nadu for well over a decade. This
plant is based on petrochemical feedstock..
However, the basic feedstock for its PVC plant at Mettur (50-70 kT/y of PVC), alcohol has
been coming from its industrial alcohol plant (based on sugar cane) at Panruti . They have
now nevertheless shifted from bio based feedstock to petrochemical feedstock as reportedly
the economics were not working out in favour of bio based feedstock.
8.2 According to unconfirmed reports, the Sanmar Group acquired Trust Chemical Industries
in 2007 (now TCI Sanmar Chemicals S.A.E.) located at Port Said, Egypt with the intent of
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setting up the world’s first large green PVC producing plant utilising the latest state-of-the-art
technology.
TCI Sanmar Chemicals S.A.E.has established a chemical complex to manufacture in
particular 60 kT/y of ethylene from sugar-based ethanol and 200 kT/y of PVC, in Port Said,
which is the largest in the MENA region.
Additional investments are planned. The PVC project once completed will be an integrated
facility with a 185 kT/y captive ethylene plant using sugar based ethanol and a PVC
production capacity of 400 kT/y.
8.3 Solvay Indupa (Buenos Aires, Argentina), announced in January 2008 its intention to
expand its PVC plant in Santo Andre, Brazil and to construct a sugarcane ethanol-based
ethylene plant with capacity to produce 60 kT/y. The output would be used in the production
of PVC. The expansion was expected to be completed by 2010.
In January 2011, Solvay Indupa disclosed that it had resumed studies for its "green" PVC
project in Brazil, but that no decisions had been made regarding size and timing.
The project is currently still on hold.

9. Expectations related to potential moves to Renewables:
9.1 Financial aspects:
The key is the evaluation of the production cost of ethylene coming from biobased
raw material and the comparison with the market price of traditional ethylene coming
from oil or gas. This is a comparison which has to be made on a case by case basis,
and no general conclusions can be drawn, as the production cost of ethylene coming
from biobased raw materials is directly depending on local (e.g. labour costs) and
cyclical conditions. As an example, when ethylene is coming from sugar cane via
ethanol, its cost is directly linked to the global sugar market price, which can be very
volatile.
The fact is that over the last decade, only a very limited number of candidates has
been interested to invest in ethylene from ethanol, and that the ones who had
decided to initiate the process have now frozen their initiatives, even at the moment
when the price of oil was USD 100 / barrel. The current market conditions today
consequently do not allow to believe in a significant move to renewables in the near
future within the PVC industry.
9.2 List of obstacles and opportunities (including impact on the environment):
9.21 Obstacles:
- lack of globally accepted methodology to assess the sustainability of
biobased ethylene (and consequently biobased PVC) versus
traditional feedstocks (and traditional PVC)
- availability of land (competition with traditional agriculture), potential
deforestation
- general environmental impact
- production cost
- duties on import of ethanol
- transport issues
9.22 Opportunities:
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- CO2 emissions reduction (to be confirmed on a case by case basis)
- Sustainability in general
- Image
- 3rd generation ethanol production (algae)
- Jobs creation
9.3 List of pre-requisites to make progress:
- Real political will at global level
- R&D programmes
- Internalisation of costs in particular regarding potential impacts of
shale gas extraction)
- Public procurement guidelines favouring biobased materials but
avoiding discrimination of products based on traditional feedstock
having an equivalent ecological performance
9.4 Methodology to track ongoing initiatives:
With the support of its sister associations all around the world, VinylPlus
will track all scientific developments and initiatives which can potentially
contribute to the move to renewable raw materials and report on it at the end of
the 10 year VinylPlus programme in 2020.

10. Recycling as an alternative to the move to Renewables
With regard to the depletion of the non-renewable raw materials reserves, producing
more durable products and/or products that can be reused achieves the same
objectives as moving to renewables, and even save raw materials as a whole.
It is the same for recycling. Recycling also helps to reduce the need to use traditional
waste management processes (incineration, landfilling) and reduces energy
consumption and C02 emissions. See in particular ANNEX 4:
PE International study on Mechanical Recycling versus Incineration of PVC waste –
September 2009, whose conclusions are :
GWP ( Global Warming Potential ) of the incineration process is substantially higher
than that of the mechanical recycling in all modelled scenarios. As the recycling
process recovers more of the material, more production steps are substituted and
therefore, the GWP is lower for this recycling route. The additionally incurred
greenhouse gas production is ca. 3 kg in case of cable incineration, and ca. 4.4 kg in
case of rigid profile incineration. Even when considering the worst case scenarios of
both mechanical recycling routes, the greenhouse gas emissions are at least 2.3 kg
and 3.5 kg higher, for cable and rigid profile incineration, respectively.
Recycling is a key component of modern waste reduction and is the third component
of the "Reduce, Reuse and Recycle" waste hierarchy.
PVC is well positioned regarding recycling, as PVC can be recycled several times
without degradation of its mechanical properties, which is a serious advantage
compared to most alternative polymers.
The European PVC industry, through Vinyl 2010 and VinylPlus, understands that the
development of recycling is a must, in parallel to making progress on the transition to
renewables.
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11. WPC (Wood-Plastic Composites)
Several plastics converters have developed WPC over the last decade, in particular for
building exteriors. Decking is the dominant application, but several other applications are
under development: roofline products, cladding/siding, window profiles, fencing, rails, sound
insulation,…WPC help reduce traditional raw material (oil and gas) consumption by
replacing a significant part of traditional plastic by wood powder and even wood waste in
such products.
Argument could be used that WPC is replacing wood which is already per se a renewable
material, but the point is that wood used for these applications is high quality wood (often
exotic and not always coming from renewable forests), and that wood used as part of WPC
is wood powder often coming from wood waste. Up to 60 % wood (certified PEFC Programme for the Endorsement of Forest Certification or FSC- Forest Stewardship Council
ensuring responsible management of forests worldwide, including social aspects like child
labour and corruption) can be incorporated, with the result that the corresponding PVC
(containing 57% chlorine ) product consumes four times less non-renewable raw material
than an alternative made of 100 % PE or PP.
In addition, replacing wood by WPC dramatically increases the durability of the products,
which is another significant added value as part of progress towards sustainability.

12. Conclusions:
PVC products are made of PVC resin and additives .Regarding the possible move to
renewables, the focus should be put on PVC resin and plasticisers, for volumes and carbon
content reasons.
Chlorine content of PVC resin is 57%. Its source (common salt) , although not renewable in
the strict sense, is almost inhexaustible, which positions PVC already rather well as part of
the debate on renewables.
Technically, the production of PVC resin from biomass is not an issue, whatever the biomass
type. Ethylene produced from biomass via ethanol has exactly the same characteristics as
ethylene produced from oil or gas, and there is absolutely no difference for the quality of the
produced resin.
The problem linked to the move to renewables is economic, environmental, and social.
The problem is economic because the attractiveness of the biobased raw materials is
directly connected to the respective prices of biomass, oil and gas, including shale gas. And
so far the cost of ethylene based on biomass production (including depreciation of new
specific investments) has not been low enough to give the possibility to sell the resin at the
price of the traditional raw material based resin. The consequence is that producers have not
significantly invested in that route and that customers have never been fighting for buying
biobased resin and pay a green “premium” which is difficult for them to pass on to their
markets.
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Over the last few years, oil prices have been high but not high enough to economically justify
a significant move to biomass. In addition, the development of shale gas production,
especially in the US, has been a serious competitor for biobased raw materials producers, to
such an extent that the ones who were committed to move to renewables have decided to
freeze their green plastics plans.
Seeing the rather low current traditional raw material prices, it is clear that no company will
move to renewables in the current circumstances, and put its financial sustainability at
serious risk.
Several European Union institutions have taken initiatives in order to promote the move to
renewables. Industry associations have also commented. In practice, it seems that there is a
consensus on the fact that only political measures would help move to renewables:
- removing import duties for biomass based feedstock;
- financing R&D and demo plants
- supporting market development in order to ensure the concept is proven but stopping at the
pre-competitive level in order to let the free market mechanism find the appropriate balance;
- defining a methodology for comparative sustainability assessments;
- encouraging green public procurement for bio-based products while avoiding discrimination
of products based on traditional feedstock having an equivalent ecological performance on
the basis of Life Cycle Analysis

Regarding environmental aspects, there is some evidence that the use of biomass from
plants helps to reduce C02 emissions (because of the capture of C02 by the plants), but on
the other hand the environmental assessments results will very much depend on the
transport needs (location of the fields and of the facilities for ethanol and ethylene
production), the impact on nature (potential deforestation, agricultural land use, biodiversity),
and the location of the PVC resin production facilities.
As regards the plasticisers, there are already many biobased plasticisers available on the
market. There are therefore technical possibilities to substitute traditional plasticisers, but
appropriate performance must be ensured, and market prices of biobased plasticisers must
be reasonable and competitive.
Finally, the potential of recycling should not be underestimated as part of the debate on the
use of renewables. With regard to the depletion of the non-renewable raw materials,
recycling achieves the same objective as moving to renewables, and even saves renewable
raw materials. In addition recycling helps to reduce energy consumption, and reduces use of
traditional waste management processes (incineration, landfilling). Because of its huge
recycling potential and its technical characteristics, PVC is definitely well positioned.
The social aspects of the potential move to renewables have not been covered in this report.
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Chances and limitations for the use of renewable raw
materials in the chemical industry
October 2012

Core Statements
Renewable raw materials have been established for a long time in the chemical
industry; they are used in applications where they bring technical and economic
advantages.
Resource efficiency and sustainability are important guiding principles for the
chemical industry. The use of renewable raw materials only contributes to a
sustainable development where it is advantageous also from ecological and
social aspects – beyond technical and economic feasibility.
Chemistry needs renewable raw materials at competitive world market prices;
existing trade obstacles should be reduced or eliminated.
Further research and development efforts are required to open up new fields of
application for the material use of renewables in the chemical industry.
It is essential to have laws and regulations conducive to innovation so that
research and market potentials can be utilised to the full.
Innovation is a major lever for a broader material use of renewables. For this
reason, actions by public administrations should focus more strongly on
promoting research and development (R&D). By contrast, economic or fiscal
steering instruments are unsuitable and cannot achieve the identified goals.
For the future, an integrated political strategy for the various use paths of
biomass (energy, fuels, and materials) should be striven for. This strategy needs
to create equal competitive conditions and aim for sustainability of the various
uses.
Already today, chemical companies use renewable raw materials in significant
volumes: without any support schemes and not in spite of but because of the
conditions set by the market for the chemical industry.

1

Renewable raw materials in the chemical industry
The term “biomass” comprises all materials of biological origin, excluding materials
embedded in geological formations or transformed into fossil. Biomass either remains
in the ecosystem or is used by humans as a raw material for food, energy generation
or the industrial manufacture of products (= material use). In this VCI paper, the term
“renewable raw materials / renewables” stands for raw materials obtained from plant or
animal biomass, which are used as materials in the chemical industry.
Renewable raw materials – such as vegetable oils, animal fats, starch, sugar or
cellulose – have been established for a long time in the chemical industry. They have
manifold fields of application, ranging from plastics to fibres, detergents, cosmetics,
paints and coatings, printing inks, adhesives, building products, hydraulic oils and
lubricants or medicines. According to preliminary estimates, 2.7 million tonnes of
renewable raw materials were used in 2011 by the chemical industry in Germany. This
corresponds to a share of 13 percent in the total use of organic raw materials.
Renewables are holding their own or are prevailing in applications where they bring
technical and economic advantages over fossil raw materials – by benefiting from the
synthesis of nature or by taking new routes of synthesis, e.g. in biotechnology.
Basically, those raw materials which serve as a carbon source for chemistry are
interchangeable. However, this presupposes technical and economic feasibility and a
contribution being made to sustainable development. Frequently, this combination of
prerequisites is not yet given for renewable raw materials. Therefore, a broader raw
material base is an important R&D goal of the chemical industry.
Sustainability and resource efficiency as guiding principles
The chemical industry is committed to sustainability, regarding both the use of raw
materials and production as such. For a long time, the chemical industry has been
documenting this in practice with programmes like Responsible Care®. The chemical
industry sees sustainability as the right balance between economic success, social
responsibility and protecting the environment. When using raw materials, chemical
companies are focused on the best possible resource efficiency – i.e. from the given
overall perspective, optimal solutions need to be developed for using raw materials as
efficiently and economically as possible. Renewables have a key role in efforts to
broaden the raw material base, because they constitute the only renewable carbon
source for material use in the chemical industry.
USE COMPETITION FOR BIOMASS

There is strong competition both between the uses of land available globally and
between the use options for biomass as such. The VCI has been highlighting this issue
for a long time. The worldwide demand has risen significantly for biomass for use as an
energy source, meanwhile triggering a discussion about the sustainability of this course
of action which also touches upon the material use of renewables.
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SUSTAINABLE USE OF RENEWABLE RAW MATERIALS

Substituting fossil raw materials by renewables is not sustainable per se. Products
based on renewables can have different environmental impacts (examples are energy
consumption, or greenhouse gas emissions) from fossil-based products. They also
have different properties, e.g. regarding their utility value or recyclability at the end of
their lifespan. In these respects, an overall approach needs to be taken in comparative
analyses.
The fact that certain properties per se do not mean sustainability is illustrated, inter
alia, by the example of biodegradability: even though biodegradability is frequently
mentioned in connection with renewables, biodegradability is a property independent of
the raw material base. It is important in special fields of application for chemical
products, e.g. for lubricants released into the environment or certain uses of plastics,
e.g. mulch films. However, biodegradability is no one-fit-for-all solution, because quite
often durability is the expressly desired product property. It is also worth noting that
biodegradability is only possible under precisely defined conditions that are not always
found in the environment. Consequently, biodegradability cannot solve the littering
problem which exists in some regions of the world.
Comparative analyses across the entire lifecycle of the respective product are
necessary for individual case decisions on whether using renewable raw materials is
sustainable.
SUSTAINABLE CULTIVATION OF RAW MATERIAL PLANTS

A further criterion for assessing the sustainability of renewables is the production of
biomass on the limited land available. In particular, the cultivation of raw material plants
must not be to the detriment of food and feed production. Furthermore, it must be
ensured that expansions of arable land do not destroy any ecosystems worth
protecting. Sustainability certification is in place for biofuels and bioenergy in Germany
and in the EU – as the prerequisite for obtaining subsidies or inclusion in the biofuels
quota.
The chemical industry recognizes the significance of a sustainable biomass production
also for renewables used as materials and takes an active role in the discussion. But
where material use is concerned, sustainability certification can only make sense on a
voluntary basis and needs to be brought in such a shape that it benefits all
stakeholders. Certification systems are already implemented for certain raw materials,
e.g. palm oil. They are used by the companies within their corporate sustainability
strategies.
Not least the best possible efficiency – i.e. using available arable land and raw
materials even more efficiently – is a major factor for the sustainable production of
biomass. Chemistry makes decisive contributions to solutions: with fertilizers, plant
protection products and innovative crop varieties. When used responsibly, this modern
form of agriculture provides higher yields per unit area. This preserves ecologically
valuable natural spaces like forests, moors and grasslands. Modern production
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methods are the best way for farmers to meet the challenges of a growing Earth
population and the rising demand for plant raw materials. Modern farming improves
yields while protecting the environment.
Research, development and technology are key
Considerable further R&D efforts are necessary for expanding the use of renewables
as materials in the chemical industry – beyond existing fields of application. In order to
fully utilise these research and market potentials for Germany and the EU, industry
must have reliable framework conditions for chemical and biotechnological processes
and products. Such framework conditions should be created soon and reflect the real
world market situation.
PROCESSING OF RENEWABLE RAW MATERIALS

Processing mainly aims for a complete utilisation of biomass by using all plant
constituents and for an increased use of non-food biomass (i.e. lignocellulose). Here,
the focus is on improving efficiency, optimising the processing methods and developing
new enzyme systems, new and sustainable synthesis routes as well as novel products.
In many fields, much more time and more investments are required to achieve
economic viability through a high optimisation level of existing processes.
The position paper “Change in the raw materials base” takes detailed stock of the
technical-scientific challenges and describes the need for research into the various raw
materials.
BIOREFINERIES

The biorefineries of the future are to make possible the utilisation of all plant
constituents for a large variety of products – by way of integrated processes.
Depending on sufficient specifications, qualities and quantities, these products can be
processed by the chemical industry. A considerable need for research remains across
the entire value chain before this can become commercially workable in practice. This
is true, in particular, for the integration of different processes into coherent technical
concepts, for the optimisation of processes and products and, not least, for upscaling
from laboratory to industrial scale. Integration into existing value chains is an important
success factor for biorefineries, e.g. synergies can be used at existing chemical sites.
For a full analysis and description of the need for research, it is referred to the
Biorefineries Roadmap of the German federal government and the status report on
potentials of biorefineries by the VCI and DIB (German Association of Biotechnology
Industries).
PRODUCTION OF BIOMASS

An important action field for R&D is optimising the production of biomass.
All technologies need to be used and further developed for achieving the highest
possible yields in a resource-friendly manner. Biotechnology enables better qualities,
improved yields and the development of site-adapted plants, thus contributing to a
sustainable biomass production.
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STRENGTHENING RESEARCH & DEVELOPMENT

Innovation is the prerequisite and, at the same time, the major lever for a broader use
of renewable raw materials. Therefore, actions by public administrations should give
emphasis on a stronger and more focused support for R&D. This applies equally to
basic research at universities and institutes and to corporate research and
development into new processes, technologies and products. The latter should be
supported e.g. by fiscal incentives for research activities.
Market instead of regulation
German chemical companies with their products are engaged in international
competition in a free market. The chemical industry supports efforts to strengthen a
sustainable and competitive use of renewable raw materials. More economic viability
and technological breakthroughs are essential for renewables to succeed in further
applications. This is widely recognized, but proposals for steering the use of renewable
raw materials – by means of fiscal or economic instruments – continue to be brought
into the discussion. Such proposals are unsuitable for achieving the identified goals, for
the following reasons:
POLITICAL TARGETS OR QUOTAS

Indiscriminate, politically motivated targets – such as prescribing volumes for the use of
renewables as raw materials in production – do not work in a free market, because the
customers of the chemical industry do not make their purchasing decisions according
to political targets or quotas: they buy products of convincing quality and price.
Moreover, such targets, which could also serve as a basis for further instruments, need
to be accompanied by a quantitative monitoring. It is worth noting that no reliable
monitoring is possible due to the large gaps in available market data.
SUBSIDIES OR TAXATION

The chemical industry rejects subsidies for the use of renewable raw materials, and
this is not only for regulatory reasons: subsidisation cannot overcome the numerous
shortcomings in R&D. Quite the contrary, subsidies would to a considerable extent
result in windfall profits for already existing volumes. Even if new fields of application
can be created artificially by way of subsidies, most of them are unlikely to hold their
own in competition or with a perspective subsidy phase-out. Instead of introducing new
subsidies for the material use of renewables, the rightly demanded equality of
competition between the various types of use of biomass should be brought about: by
reducing support for energy and fuels.
A taxation of fossil raw materials would be even less suitable for driving forward the
use of renewables. The material use of fossil raw materials is not taxed anywhere else
in the world so that a tax solely in Germany or in the EU would significantly weaken the
competitiveness of the chemical industry – and thus its ability to develop new fields of
application for renewables.
By contrast, reducing or eliminating obstacles and market distortions is a much more
promising approach:
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IMPORTING RENEWABLE RAW MATERIALS AT WORLD MARKET PRICES

Currently about 65 percent of renewables for material use in the German chemical
industry, are imported into this country. Estimates show that the potential is limited for
further expanding the agricultural areas for biomass production. In a global
comparison, this potential is mostly given outside Germany. Against this backdrop,
Germany and also Europe will remain extremely dependent on raw material imports –
even in a more biomass-based economy. This makes it so much more important to
reduce or eliminate the existing trade obstacles for renewables used for industrial
purposes, in order to ensure supplies of raw materials to the chemical industry in the
required quantities and at competitive world market prices. The necessary steps should
be taken within the agricultural policy.
Perspectives
Unlike in the early days of promotion for renewables, today this is no longer about
generating sales opportunities for surplus biomass. Now the challenge is to use scarce
biomass as efficiently as possible – with the use as food and feedstuff being the
priority. Sound and acceptable concepts need to be elaborated to balance food
production and the industrial use of biomass. In the political arena, the isolated and
frequently uncoordinated measures for the various use paths should be incorporated
into one overarching and integrated strategy for the use of biomass as a whole. This
strategy should be oriented to the principle of resource efficiency and apply to both the
competition between the various use paths and the use of regionally available biomass
– and also to the further development of renewable alternatives which are not part of
the competition for uses and land, such as photovoltaic and wind power.
The market can distribute scarce goods more efficiently than state regulation.
Therefore, a market-based development should be striven for when expanding the use
of biomass. With its use of renewables as raw materials, the German chemical industry
has demonstrated that this is possible: 1.7 million tonnes in the early 1990s as
compared with 2.7 million tonnes today – corresponding to an increase by nearly 60
percent. German chemical companies have achieved this by their own efforts: not in
spite of but because of the conditions set by the market for the chemical industry.
Further major R&D efforts are needed to open up new fields of application for
renewables. The chemical industry actively works on broadening its raw material base
and increasingly uses renewables where this is technically feasible and makes sense
from economic, ecological and social aspects.
Policy makers should create favourable framework conditions, to support the
necessary R&D activities and to eliminate competitive disadvantages in the importation
of renewable raw materials.
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Further reading:


Change in the raw materials base position paper by Dechema (Society for
Chemical Engineering and Biotechnology), GDCh (German Chemical Society),
VCI and DGMK (German Society for Petroleum and Coal Science and
Technology) 2010



Biorefineries Roadmap, German federal government 2012



Nachwachsende Rohstoffe für die chemische Industrie: Optionen und
Potenziale für die Zukunft (“Renewable raw materials for the chemical industry:
options and potentials for the future”; available in German language), study by
the IFEU Institute for Energy and Environmental Research, Heidelberg 2007 –
with conclusions by the VCI



Faktenpapiere zum Einsatz von Palmkernöl und Kokosöl in Wasch-, Pflege- und
Reinigungsmitteln (Factsheets on the use of palm kernel oil and coconut oil in
detergents and maintenance products; available in German and partly also in
English language), Forum Waschen 2010 and 2012



Statusbericht zu möglichen Potenzialen von Bioraffinerien (status report on
conceivable potentials of biorefineries; available in German language), VCI and
DIB 2011



Sustainability of Products: What it’s all about, Cefic (European Chemical
Industry Council) 2012

Your contact at VCI:

Tilman Benzing
Division energy, climate and raw materials

+49 69 2556-1414
tbenzing@vci.de
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TNS briefing note on
Renewables
Introduction
VinylPlus Challenge Four (Sustainable Energy & Climate Stability) states that we will help minimise
climate impacts through reducing energy and raw material use, potentially endeavouring to switch to
renewable sources and promoting sustainable innovation.
The publicly stated targets in this area (at the launch of VinylPlus) are as follows.
Establish Renewable Materials Task Force by end first Quarter 2012.
Renewable Materials Task Force’s status report by end 2012.
Early in 2014 The Natural Step was asked to look at the work done to date to help identify how to
make further progress. The review is based on a series of powerpoint presentations containing data
collected by Joachim Eckstein and a small TF group. The documents cover the following topics:
Energy efficiency
Resource optimization
Renewable resources
Bio-based
Bio-plastics
TNS is specifically asked to:
Review what has been investigated
Identify the relevance in terms of the VP programme
Identify possibilities for progress
Look at information gaps and future steps.

THE NATURAL STEP
SVEAVÄGEN 98, 5th floor

SE-113 50 STOCKHOLM
SWEDEN

info@thenaturalstep.org
Org. nr. 802409-2358

www.thenaturalstep.org

Review of existing documents
General Comments
The research summarised to date shows that this is both an important emergent arena and a
very complex one, with several areas of potential confusion.
It is also one which is changing constantly as the market finds its way forward. Some of the
research quoted here is probably in need of updating (from 2010 and 2011).
The information is generally not well structured and it is easy to get lost in the details.
It could be important to keep the distinction between feedstock replacement and additive
replacement. The notes we have seen would be better used if organised along those lines.

Key themes and signals of change
While much of the documentation looked as specific technologies and policy developments we
noted some key themes and signals of change that are worth highlighting:
Multiple signs of sustainability-driven markets - The documentation makes reference to a
lot of different policy and business activities that should be seen as evidence that sustainability
is driving the future markets in quite profound ways. Signals include: price increases, greater
legislative demands, debate over response strategies, growing impetus for more ambitious
targets, exploration of new technologies that address the identified problems (e.g. CO2
emissions, energy efficiency, renewables, bio-based feedstocks).
Confusion over terms and debate on details - the documents highlight many different views
on sustainability and debate over the merits of different technologies (e.g. is bio-based better
for the climate?). What is lacking is the shared vision amongst all these actors on the utlimate
requirements for sustainability. This in turn means that each technology is promoted as either a
step away from a current problem or an improvement on the status quo rather than being seen
in the context of a transition strategy toward a sustainable goal. This is important for VinylPlus
because the programme already has a shared vision for PVC that is based on full alignment
with the system conditions. This means that the technologies should be assessed with the end
application and sustainable management regimes as the starting point – how will this particular
technology help achieve our vision?
Precautionary principle is back in focus - We note that there have been recent attempts by
industry to attack the precautionary principle. Our view is that when used in a backcasting
perspective (i.e. there is agreement on the long-term need to align with the four system
conditions), then the precautionary principle should serve as a guide to innovation, rather than
a deterrent.
The social dimension is in greater focus with biosourcing - Social dimensions on
sustainability become increasingly important when considering use of biological resources as
feedstocks. In essense, material sourcing becomes a direct competitor to other societal land use
needs and living organisms.
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Emerging methods development and standardisation – there are improvements being
made in approaches to Life cycle thinking, including quantification of methods for carbon
footprinting. This is a positive development to be encouraged and monitored while always
keeping sight of the long term sustainability objectives.
Measuring the social benefit – The metrics above focus on measuring the size of the
footprint and tend to give less attention to measuring the actual positive benefits from a
material or product.
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Relevance of information to
VinylPlus Challenges
1.

The potential for renewables in relation to PVC covers very different aspects. There is
probably no single renewable source to deal with so many possible applications even just
with PVC. We see developments across all kinds of “bio” material and all have their own
implications, including a variety of social and economic impacts.

2.

In our view all options for using renewables with PVC need to be fully evaluated for their
sustainable development potential and impacts. VinylPlus should continue its model of
using TNS System Conditions to assess every proposal for renewable uses.

3.

As substitutes for hydro-carbon feedstock much is already happening but at variable pace
in different geographical contexts. And as substitutes for PVC additives there is also a lot
already happening.

4.

The innovations happening on renewables are very relevant to PVC. Much of the
information covered in these notes is actually more relevant to other plastics rather than
PVC, yet it is important to keep those under observation too as some innovations could
impact the PVC market particularly if they change the characteristics of other plastics
where PVC has a current application. Alternatively applying renewables for PVC could
result in new market applications for PVC at the expense of other plastics.

5.

It should be expected that if the world makes progress on climate change strategies, with
2015 being crunch-time in the view of most experts, then a more realistic price on carbon
will stimulate the renewables market dramatically.
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Opportunities for VinylPlus
Additives Taskforce - The expansion of renewables as Additives for PVC is already on the
agenda for VinylPlus and the work of the Additives Task Force is a readily available and easily
communicated possibility already scheduled to happen in 2014. We recommend keeping that
focus and keeping that work distinct from feedstock renewables
Renewables as Feedstocks - It would be possible thus to give a fresh focus to renewable
feedstock’s and begin to think more about the potential here.
Controlled Loop Taskforce - It would also make sense to ask the Controlled Loop Task
Force to give attention to the recycling and reuse implication of more renewables being used as
both feedstock and additives – what would that mean for recycling technologies and what
might be the challenges ( such as legacy issues?).
Explore the potential of the Circular Economy - this concept is getting a lot of attention
and the VinylPlus commitments demonstrate a model for how PVC can be used in a circular
economy. There is a good story to tell, showing that the programme is working right across the
spectrum with renewable feedstocks and closed loop management being both particularly
relevant here.
Climate-solving - Ideas such as sourcing carbon from biomass, or even directly from the
atmosphere, combined with long product life and closed loop resource management could start
to position the PVC industry as a net contributor to climate solutions. This is something to
explore further.
Clarifying the issues - There is an opportunity to show leadership by clarifying the differences
in terminology and demonstrating a nuanced approach. Something as simple as a a glossary of
terms clarifying VinylPlus views could be considered.
Backcasting perspective - Related to the point above, VinylPlus should be promoting its
vision and working toward the design of the most optimal material streams from a systems
perspective. This will ensure that trade-offs are not debated in isolation from the longer term
objectives. In practice, this would mean more exploration of the function of PVC products in
different end use applications and an explantnation of what the best material management
strategies are. The nvestigation of the technologies and sourcing possibilities then follow.
Safeguard social sustainability – as VinylPlus takes further steps with renewables, it will be
important to demonstrate a responsible approach. The TNS system conditions cover the social
dimension and we think this could be taken up more by VinylPlus, especially giving the range
of social issues associated with sourcing of renewables. We have also included some example
guiding principles that were developed when thinking about biotechnology in the next section.
Use the precautionary principle to drive rather than stifle innovation- as we’ve noted
previously the precautionary principle should be seen as an aid to guide innovation toward
VinylPlus objectives, not as an inhibitor. This line of thinking would be positively received by
many stakeholders.
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Information gaps and
possible actions
Here follows some reflections on what we see as gaps in the literature and possible areas for action.
There are several areas needing more attention – food vs fuel – durability vs
compostability – energy implications – recycling & re-use implications – waste elimination –
consumer advice – regulation – use of GMO technology in renewables, and more.
Clarifying the motivation for shifting to renewables – We think this should be explicitly
stated by VinylPlus as it seems to be an area of debate and confusion in general. When talking
of energy, currently the main driver of a shift from fossil to renewable sources is concern about
climate change (but not solely). This is connected to the net introduction of CO2 to the
biosphere which is systematically increasing in concentration in nature, leading to climate
change. However, when it comes to feedstocks, if VinyPlus is striving for closed loop
management of PVC materials, then this implies that emissions would be captured and material
recycling achieved (i.e. no climate change contribution). This might be possible even with fossil
hydrocarbon feedstocks, though there are many assumptions to explore with that appraoch.
And there are remaining reasons for shifting to renewables – finite resource depletion, other
environmental impacts, economics and geopolitical issues. We think it is important for
VinylPlus to fully explore and communicate the rationale.
Emerging, non-conventional alternatives - It should also be borne in mind that research is
moving quickly. There is a growing question about the possibility of converting existing oil
based technologies so as to remove or reduce the climate change problems. None look feasible
at this stage nor economic. And climate change is not the only problem with oil. It is definitely
not renewable in any human timeframe. Yet it is not impossible to imagine that some form of
carbon capture and even reuse can be developed as a transition stage. Removing the carbon
climate change impacts from coal, for example, is now getting some attention. It is possible
that supply of hydro-carbon raw materials for the chemical industry could become de-coupled
from the much larger transport and energy uses.
Chlorine chemistry - The big issue which is only touched upon in the notes is about the other
main component of PVC – the chlorine. VinylPlus has made a start on tackling the problems
associated with chlorine via the dioxin consultations. The target put forward by TNS also
envisaged looking at the sustainability impacts of chlorine use. Can it ever be regarded as a
sustainable? What are the challenges for the chlorine industry to overcome in that context? A
study of that question should now go forward and be done as part of VinylPlus’s work on
renewable alternatives. We believe there are hazardous aspects of chlorine production and use
which need more work. Without digging at that question whatever the PVC industry tries to
achieve on sustainable development, including renewables, will be undermined in many
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quarters by the chlorine factor. And what is the effect of chlorine when combined with
renewables?
Responsible biotechnology – the emergence of biofuels highlighted issues like food vs fuel
and a shift into renewables as feedstocks will raise similar questions around trade-offs and
unintended consequences. We have only recently seen evidence of well-thought out plans for
responsible biotechnology and would like to prsent the following guiding principles as an
example of the types of considerations that should be made when moving into renewables:
1. Aim to achieve substantial societal and environmental benefits, as well as business benefits.
2. Support regulatory and governance structures that put public interest and private gain on
equal footing, and promote extensive stakeholder engagement.
3. Avoid adverse impacts on food security and affordability.
4. Secure demonstrable, substantial reductions in greenhouse gas emissions.
5. Commit to production systems that optimise conditions for biodiversity and healthy
ecosystems.
6. Commit to manufacturing processes that maximise the value of all feedstocks (eg closedloop systems).
7. Place no additional burdens on the availability of scarce water supplies.
8. Avoid any risk of gene transfer in the open environment.
9. Pose no threat to human health.
10.Achieve the highest standards of health and safety both for workers and surrounding
communities.
Source: J.Porritt - Sustainable Returns: Industrial Biotechnology Done Well
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Market study on „Bio-based Polymers in the World“
- Press release -

Bio-based polymers - Production capacity will triple from
3.5 million t in 2011 to nearly 12 million t in 2020 Bio-based drop-in PET and PE/PP polymers and the new
polymers PLA and PHA show the fastest rate of market growth.
The lion’s share of capital investment is expected to take place in
Asia and South America.
Short version
nova-Institute of Germany is publishing the most comprehensive market study of biobased polymers ever made. nova-Institute carried out this study in conjunction with renowned international experts from the field of bio-based polymers. It is the first time that a
study has looked at every kind of bio-based polymer produced by 246 companies at 366
locations around the world and it examines in detail 114 companies in 135 locations. Considerably higher production capacity was found than in previous studies. The 3.5 million
tonnes represent a share of 1.5% of an overall construction polymer production of 235 million t in 2011. Current producers of bio-based polymers estimate that production capacity
will reach nearly 12 million t by 2020. With an expected total polymer production of about
400 million t in 2020, the bio-based share would increase from 1.5% in 2011 to 3% in
2020, meaning that bio-based production capacity will grow faster than the total production.
The most dynamic development is foreseen for drop-in biopolymers, which are chemically
identical to their petrochemical counterparts but derived from biomass. This group is
spear-headed by bio-based PET (Bio-PET) whose production capacity will reach about 5
million tonnes by the year 2020, using bioethanol from sugar cane. The second in this
group are bio-based polyolefins like PE and PP, also based on bioethanol. But “new in the
market” bio-based polymers PLA and PHA are also expected to at least quadruple the capacity between 2011 and 2020. PA and PBS polymer families are not mentioned here,
since most of the activities for these polymers are in the area of the precursors.
Most investment in new bio-based polymer capacities will take place in Asia and South
America because of better access to feedstock and favourable political framework. Europe’s share will decrease from 20% to 14% and North America’s share from 15% to 13%,
whereas Asia’s will increase from 52% to 55% and South America’s from 13% to 18%. So
the shares of the world market are not expected to shift drastically, which means that every
part of the world will experience development in the field of bio-based polymer production.
Michael Carus, managing director of nova-Institute, reacted to the survey results thus: “For
the very first time we have robust market data about the worldwide production capacity of
all bio-based polymers. These are considerably higher than in previous studies, which did
not cover all polymers and producers. The forecast of a total 12 million tonnes capacity by
2020 – a tripling of 2011 levels – implicates that bio-based polymers are definitely polymers for the future. It is also shown that the fight for the leading role among the bio-based
polymers is not yet contended. Only five years ago nobody would have expected bio-PET
to grow to the biggest group among the bio-based polymers due to an initiative of one big
brand owner. This could happen again with any other bio-based polymer. Also PLA and

© nova-Institut 2013
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Market study on „Bio-based Polymers in the World“
- Introduction -

PHA have a remarkable growth ahead of them, even without the existence of such a “supply chain captain””.
The full 360-page report contains three main parts: “market data”, six “trend reports” and
more than 100 “company profiles” and can be ordered for €6,500 at www.biobased.eu/market_study. This also includes one-year access to the “Bio-based Polymers
Producer Database”.
Please have a look free of charge at one table and five figures that illustrate the study results.
Long version

Study background
The bio-based polymers branch is a dynamic, versatile field, in which bio-based polymers
have reached development stages that range from research level, via initial market adoption to long-term established performance plastics like cellulosics or nylon – all of them
revealing significant market growth.
A number of factors affect the growth rate of the bio-based polymer branch. These factors
include state policy, technology, feedstock cost competition (biomass versus fossil fuels)
crude oil prices, consumer acceptance, and, last but not least, access to clear and reliable
market data.
There was in fact broad agreement - not only from the major industrial players but also
from the user side - about the need for solid, transparent and worldwide market data on the
bio-based polymer branch.
This need was a major stimulus for conducting this market survey. We have therefore tried
to provide some clarity and transparency to the market by launching the most comprehensive international market study of bio-based polymers to date.
During a preparatory phase from August 2011 to the end of that year, interested stakeholders from the bio-based polymer branch were invited to become a partner of the study. The
multi-client survey was funded by 26 renowned companies and institutions from 11 countries around the world. These companies had full access to intermediate results and sat on
the Advisory Board, which met four times during the project (see the full list at
http://www.bio-based.eu/market_study/).

Methodology
The field of bio-based polymers is broad and the available information very diverse and
sometimes inconsistent. This can lead to confusion and misinterpreted results. It therefore
seems crucial to explain the methodology that we used for this survey.
This study focuses exclusively on bio-based polymer producers, and the market data therefore does not cover the bio-based plastics branch. We must clearly differentiate between
these two terms. A polymer is a chemical compound consisting of repeating structural units
(monomers) synthesized through a polymerization or fermentation process, whereas a plastic material constitutes a blend of one or more polymers and.
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Market data covers only the first polymer producer, excluding plastic and compound processing in an attempt to avoid double counting over the various steps in the value chain.
Starch blends are the single exception among plastics to have been included in the market
research. Poor water resistance and low strength limit the use of materials manufactured
exclusively from starch, and hence the modification of starch is often achieved by blending
with other polymers, such as aliphatic polyesters. In order to avoid double counting here, it
was attempted to leave out the starch blend capacities for starch blended with other biopolymers, but this can’t be guaranteed at all points.
The focus of the study is on construction polymers, so the polymers that will later constitute the structural mass of the finished plastic part. Whereas functional polymers, used in
inks, coatings, adhesives or simply as a performance enhancer in other materials, were only
covered selectively and are not included in the totals given in this summary. Out of the
scope of this study are cellulose regenerate, natural rubber and linoleum.
This market survey covers current market trends on bio-based polymers, i.e. derived from
biomass (which may be biodegradable or not). However, we decided to include market
data on some polymers that are currently still fossil-based, namely polybutylene succinate
(PBS) and polybutyleneadipat-terephthalate (PBAT). It may seem paradoxical, but the reason why their production capacities have been covered is clear: their drop-in processability, i.e. the fact that every fossil-based PBS producer can switch to bio-based PBS if the
bio-based diacids and diols become available, with no need to change equipment, together
with the tremendous development that is predicted to happen in the market of bio-based
precursors of these two polymers.
It may seem paradoxical, but the reason why their production capacities have been covered
are the following. Their development is highly linked with the development of other biobased polymers, as they are often used to enhance their properties in bio-based compounds.
In the case of PBS, which is currently produced from fossil resources on a rather low scale,
the capacity development is spurred by the development of its bio-based precursors, as biobased succinic acid can be produced at lower cost than its fossil-based alternative. They
both are drop-in processable, i.e. every fossil-based PBS or PBAT producer can switch to
bio-based PBS or PBAT if the bio-based diacids and diols become available, with no need
to change equipment. From announcements and seeing the capacity development in their
bio-based precursor chemicals, the polymers of the here covered companies are expected
to be bio-based to an increasing extent, with a share of 50% (PBAT) and 80% (PBS) by
2020.
This study considers only announced capacities. The research work is based on the analysis
and discussion of existing publications, press releases and market studies, questionnaires,
face-to-face expert interviews (many at CEO level) and expert workshops and conferences
held during the study period. On the other hand, the database gathers a broader list of companies, e.g. start-ups with no announced volumes as yet but may become leading companies in the future. The database will be continuously updated and act as a perfect information bank for future market surveys.
The total estimate of polymer production capacity in 2020 is mainly based on the forecasts
of companies already producing bio-based polymers (or precursors) today. That could lead
to an underestimation of future capacities, because the method does not take account of
new players.

© nova-Institut 2013

3

Market study on „Bio-based Polymers in the World“
- Introduction -

Table 1 gives an overview on the covered bio-based polymers and the producer companies
with their locations. The database contains a total of 246 companies in 366 locations. More
detailed information is provided for 114 companies in 135 locations.
The average biomass content of the polymers is used to generate Figure 3 from Figure 2.
Table 1: Bio-based polymers, short names, average biomass content, producer companies
and locations

Bio-based Polymers

average biomass
content of polymer

Producing
Companies
until 2020

Locations

Cellulose Acetate

CA

50%

9

15

Polyamide

PA

rising to 60%*

14

17

Polybutylene Adipate Terephthalat

PBAT

rising to 50%*

3

3

Polybutylene Succinate

PBS

rising to 80%*

11

12

Polyethylene

PE

100%

3**

2

Polyethylene Terephthalat

PET

30% to 35%***

4

4

Polyhydroxy Alkanoate

PHAs

100%

14

16

Polylactic Acid

PLA

100%

27

32

Poylpropylene

PP

100%

1

1

Polyvinyl Chloride

PVC

43%

2

2

Polyurethane

PUR

30%

10

10

40%

19

21

Total Companies covered with detailed information in this report

114

135

Additional Companies included in the
"Bio-based Polymer Producer Database"

132

228

Total Companies and Locations recorded in the Market Study

246

363

Starch Blends ****

*

currently still mostly fossil-based with existing drop-in solutions and a steady upward trend of the biobased share up to given percentage in 2020
**
including Joint Venture of two companies sharing one location, counting as two
*** upcoming capacities of bio-pTA are calculated to increase the bio-based share, not the total bio-PET
capacity
**** Starch in plastic compound

Main results
Building blocks and monomers as a precursor of polymers
Figure 1 shows the most important pathways from biomass to building blocks to polymers.
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The thickness of the arrows is related to the current market relevance of the corresponding
building blocks, while the yellow coloured areas illustrate the direct conversion of different
polymers (namely natural rubber, starch-based polymers, lignin-based polymers and cellulose-based polymers) from biomass. Finally, green coloured pathways correspond to the
routes deriving from glucose, whereas the purple and the orange ones coincide with the
glycerol and the fatty acid pathways respectively. We have only taken existing routes that
currently produce on an industrial scale into consideration. There are many more pathways
under research or at pilot stage. However, one can clearly see that bio-based chemical producers currently have the potential to build extensive alternative supply chains for a variety
of chemicals and polymers (e.g. PU, PA).
There is a strong growth in the market for bio-based precursors for drop-in solutions,
which are also partially covered by the report and database. Often there are no announced
capacities yet at the polymer producer stage, so the study could not reflect the volumes of
polymers derived from these precursors.
There is also a strong upward potential for bio-based PA precursors for example, as well as
plans to make commodity PA like nylon 6.6 and nylon 6 (partly) bio-based. For different
building blocks like adipic acid (2,800 kt market in total), HMDA, BD, etc. the bio-based
market share is purely a matter of price compared to petrochemical routes, which is already
lower in some cases.
The ongoing increase in bio-based MEG and pTA capacity has a considerable impact on
the production capacities of partly bio-based PET. Our forecast for Bio-PET is based on
the forecast of bio-based MEG production capacity in particular – supported by the announcements of future market demand.
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Figure 1: From biomass to polymers
Bio-based polymers
The report shows, that the production capacity of bio-based polymers will triple from 3.5
million t in 2011 to nearly 12 million t by 2020. Bio-based drop-in PET and PE/PP polymers and the new polymers PLA and PHA show the highest growth rates on the market.
Most investment is expected to take place in Asia and South America.
It is the first time that a study has looked at every kind of bio-based polymers produced by
246 companies at 366 locations around the world and it examines in detail 114 companies
in 135 locations. Considerably higher production capacity was found than in previous studies. The 3.5 million tonnes represent a share of 1.5% of an overall construction polymer
production of 235 million t in 2011. Current producers of bio-based polymers estimate that
production capacity will reach nearly 12 million t by 2020. With an expected total polymer
production of about 400 million t in 2020, the bio-based share will increase from 1.5% in
2011 to 3% in 2020, meaning that bio-based production capacity will grow faster than the
total production.
Figures 2 and 3 show the main results of the survey. The most dynamic development is
foreseen in bio-based PET (Bio-PET) with about 5 million t production capacity in the year
2020, based on bioethanol from sugar cane. The second are also drop-in biopolymers,
which are chemically identical to their petrochemical counterparts but derived from biomass. Bio-based polyolefins like PE and PP, are polymerized from components, based on
bioethanol. But also the “new” PLA and PHA bio-based polymers will more than quadru© nova-Institut 2013

6

Market study on „Bio-based Polymers in the World“
- Introduction -

ple their capacity between 2011 and 2020. Here are some details about Bio-PET and PLA;
many more details can be found only in the full report, including on the other polymers.
Bio-based PET
The Coca-Cola Company, Ford Motor Company, H.J. Heinz Company, NIKE, Inc. and
Procter & Gamble announced in 2012 the formation of the Plant PET Technology Collaborative (PTC), a strategic working group focused on accelerating the development and use
of 100% plant-based PET materials and fibre in their products. In just a few short years,
The Coca-Cola Company has expanded from producing PlantBottleTM plastic in a single
location to now having facilities in most of their major markets, with further expansion to
come.
When such brand corporations join forces and build alliances, their impact on the supply
chain becomes inevitably visible. Mono-ethylene glycol (MEG), a key component of PET
resins, is already going to be produced in high volumes as bio-based diol in India (Indian
Glycols LTD., 175,000 t/a) and Taiwan (Greencol Taiwan, 100,000 t/a). The Indian company JBF Industries plans for additional MEG capacities of 500,000 t/a in Brazil to come
on-stream after 2015. Also developments in the production of bio-based purified terephtalic acid, the other monomer of bio-PET, have been announced.
As these precursors can be used to produce partly bio-based PET in any existing PET facility on rather short notice, only very little of the bio-MEG capacity to come has already
matching announcements for the production of bio-PET. Companies that already dedicate
part of their PET capacities to the production of bio-PET are for example Teijin and Indorama Venture, both located in Asia, with 100,000 t/a and 300,000 t/a.
PLA – polylactic acid
At 30 sites worldwide 25 companies have developed a production capacity of (presently)
more than 180,000 tonnes per annum (t/a) of polylactic acid (PLA), which is one of the
leading bio-based polymers. The largest producer, NatureWorks, had a capacity of 140,000
t/a in 2011. The other producers have a current capacity of between 1,500 and 10,000 t/a.
According to their own forecasts, existing PLA producers are planning to considerably
expand their capacity to reach around 800,000 t/a by 2020 (see diagram). There should be
at least seven sites with a capacity of over 50,000 t/a by that time. A survey of lactic acid
producers (the precursor of PLA) revealed that production capacity could even rise to
roughly 950,000 t/a to meet concrete requests from.
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Figure 2: Bio-based polymers: evolution of production capacities from 2011 to 2020
In contrast to Figure 2, Figure 3 shows only the biomass content of the bio-based polymers. Because this share is much higher for the “new to the market” polymers like PLA
and PHA compared to the drop-ins PET, PE and PP, the polymer shares are different, as is
total capacity.
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Figure 3: Biomass content applied in bio-based polymers: evolution of production capacities from 2011 to 2020 (biomass content only, see Table 1)
Investment by region
Most of the investment in new bio-based polymer capacities will take place in Asia and
South America because of better access to feedstock and favourable political frameworks.
Asia has become a key region for bio-based polymers and their precursors. Some examples
are current developments in Thailand (Purac, PTT), India (India Glycol Ltd.), Taiwan
(Greencol Taiwan), China (Henan Jindan, Shenzhen Ecomann, Tianan Biologic Materials,
Tianjin Green Biomaterials) or Japan (Kaneka, Teijin Limited, Toyota), which include
future or existing production of lactic acid, lactide, succinic acid, 1,4-BDO, MEG, PHA
and PET.

© nova-Institut 2013

9

Market study on „Bio-based Polymers in the World“
- Introduction -

The expanding worldwide utilization of bio-ethanol for chemical building blocks has led to
the establishment of large scale production facilities for bio-based MEG in India and Taiwan and for bio-ethylene, precursor for e.g. PE, MEG but also EPDM, in Brazil. Furthermore, the bio-based drop-in market is developing fast in Asia, where many converters are
SMEs and cannot afford important adjustments in their existing processing equipment.
Europe’s share will decrease from 20% to 14% and North America’s share from 15% to
13%, whereas Asia’s will increase from 52% to 55% and South America’s from 13% to
18%.

Figure 4: Evolution of the shares of bio-based production capacities in different regions

Share of bio-based polymers in the total polymer market
The last figure attempts to give an overview of all kinds of polymers including rubber
products, man-made fibres and functional polymers – and not simply construction polymers as usual. This figure includes bio-based shares at different levels. The share for construction polymers, which are the focus of the study, is 1.5%, but for polymers overall the
bio-based share is even higher (8.2%) because of the higher bio-based shares in rubber
(natural rubber) and man-made fibres (cellulosic fibres).
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Figure 5: Polymers worldwide, bio-based shares (mostly 2011)

Content of the full report
This report of more than 360 pages presents the findings of nova-Institute’s year-long market study, which is made up of three parts: “market data”, “trend reports” and “company
profiles”
The “market data” section presents market data about total production and capacities and
the main application fields for selected bio-based polymers worldwide (status quo in 2011,
trends and investments towards 2020). Due to the lack of totally reliable market data about
some polymers, which is mainly due to the complexity of their manufacturing value chain
structure (namely thermosets, cellulose acetate) or their pre-commercial stage (CO2-based
polymers), this section contains three independent articles by experts in the field who present and discuss their current and potential market development. However, this part not
only covers bio-based polymers, but also investigates the current bio-based building block
platforms.
The “trend reports” section contains a total of six independent articles by leading experts
in the field of bio-based polymers and plastics. Dirk Carrez and Michael Carus focus on
policies that impact on the bio-based economy. Jan Ravenstijn analyses the main market,
technology and environmental trends for bio-based polymers and their precursors world© nova-Institut 2013
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wide. Wolfgang Baltus reviews Asian markets for bio-based resins. Roland Essel provides
an environmental evaluation of bio-based polymers, and Janpeter Beckmann presents the
findings of a survey concerning Green Premium within the value chain leading from chemicals to bio-based plastics. Finally, Harald Kaeb reports detailed information about brand
strategies and customer views within the bio-based polymers and plastics industry. These
trend reports cover in detail every recent issue in the worldwide bio-based polymer market.
The final “company profiles” section includes more than 100 company profiles with specific data including locations, bio-based polymers, feedstocks, production capacities and
applications. A company index by polymers, and list of acronyms follow.
“Bio-based Polymers Producer Database” and Updates of the Report
To conduct this study nova-Institute developed the “Bio-based Polymers Producer Database”, which includes a company profile of every company involved in the production of
bio-based polymers and their precursors. This encompasses (state of affairs in 2011 and
forecasts for 2020) basic information on the company (joint ventures, partnerships, technology and bio-based products) and its various manufacturing facilities. For each bio-based
product, the database provides information about production and capacities, feedstocks,
main application fields, market prices and bio-based share.
Access to the database will be available from April 2013. The database will be constantly
updated by the experts who have contributed to this report. Buyers of the report will have
free access to the database for one year.
Based on the existing report and the continuously updated database, nova-Institute will
generate an annual update of the report.

Authors of the study
Wolfgang Baltus (PhD) (Thailand) worked for BASF for 15 years and was responsible for
the business development of environmental friendly coatings in Asia. Since 2008 Baltus
has worked for the National Innovation Agency (NIA) in Bangkok. He is regarded as one
of the leading experts on bio-based polymer markets and policy in Asia.
Dirk Carrez (PhD) (Belgium) is one of the leading policy consultants on a Bio-based
Economy in Brussels. He was director of EuropaBio, the European Association for Bioindustries, until 2011. He is now Managing Director of Clever Consult, Brussels. In 2013 he
was hired to be the coordinator of the new industrial association BIC (Bio-based Industries
Consortium), which will organise the PPP (BRIDGE – Bio-based and Renewable Industries for Development and Growth in Europe) between the EU Commission and more than
40 bio-based economy companies.
Michael Carus (MSc) (Germany) is a physicist and founder and managing director of the
nova-Institute. He has worked in the field of Bio-based Economy for over 15 years. This
includes biomass feedstock, processes, bio-based chemistry, plastics, fibres and composites. His work focuses on market analysis, techno-economic and ecological evaluation and
creating the political and economic framework for bio-based processes and applications.
Seven experts from the nova-Institute team contributed to the study, and Adriana Sanz
Mirabal managed the project for nova-Institute.
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Harald Kaeb (PhD) (Germany) is a chemist and has an unblemished 20-year "bio-based
chemistry and plastics" track record. From 1999 to 2009 he chaired the board and built up
“European Bioplastics” the association that represents the bioplastics industry in Europe.
Since 1998 he has worked as an independent consultant helping green pioneers and international brands to develop and implement smart business, media and policy strategies for
bio-based plastics.
Jan Ravenstijn (MSc) (The Netherlands) has more than 35 years experience in the chemical industry with Dow Chemical and DSM, including 15 years in executive global R&D
positions in engineering plastics, thermosets and elastomers. He is currently a visiting professor and consultant to the CEOs of biopolymer companies and has published several papers and articles on the market development of bio-based polymers. Ravenstijn is regarded
as one of the world’s leading experts in his field.
Stefan Zepnik (PhD) (Germany) studied Business Engineering at the Martin Luther University Halle-Wittenberg and gained his PhD at the Fraunhofer Institute for Environmental,
Safety and Energy Technology UMSICHT. He became group manager for “Material Development” at the “Bio-based Plastics” department in 2013.

Order the full report
The full 360-page report contains three main parts: “market data”, six “trend reports” and
more than 100 “company profiles” and can be ordered for €6.500 at www.biobased.eu/market_study. This also includes one-year access to the “Bio-based Polymers
Producer Database”.
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Research team and Advisory Board for the market study
Advisory Board
To pre-finance part of the study the nova-Institute developed the “Share and Win” concept
to integrate renowned companies for a small, single payment.
During a preparatory phase from August 2011 to the end of that year, interested stakeholders from the bio-based polymer branch were invited to become a partner of the study. The
multi-client survey was funded by 26 renowned companies and institutions from 11 countries around the world. These companies had full access to intermediate results and sat on
the Advisory Board, which met four times during the project (see the full list at
http://www.bio-based.eu/market_study/.
Their participation was decisive. They set out specific questions and needs, provided insights, ideas, advice and sources of information, and contributed to a better understanding
of the business, market and industry trends.
Among the Advisory Board members are:
• Asahi Glass Co. (Japan)
• Bayer MaterialScience (Germany)
• Braskem (Brazil)
• Deloitte (The Netherlands)
• DSM (The Netherlands)
• Fischer Recycling (Germany)
• FNR (Germany)
• Ford (USA/Germany)
• IAR (France)
• IFP Energies nouvelles (France)
• NNFCC (UK)
• Omya (Switzerland/Germany)
• Ontario BioAuto Council (Canada)
• Plastics Europe (Brussels)
• Roquette (France)
• SABIC (Saudi Arabia)
• Sofiproteol (France)
• Sulzer (Switzerland)
• Tereos Syral (France)
• TNO (The Netherlands)
• Veolia (France)
• VTT (Finland)
• Wageningen UR-Food and Biobased Research (The Netherlands)
• plus additional three companies/associations
Our heartfelt thanks goes to all members of the Advisory Board, who have made this
project possible through their support and guidance!
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The study was carried out by nova-Institute in conjunction with renowned international
experts from the field of bio-based polymers. The project would never have borne such
fruit without their expertise, continuous input and outstanding commitment.
The project team
• nova-Institute GmbH: Michael Carus, Adriana Sanz Mirabal, Lena Scholz, Janpeter
Beckmann, Lara Dammer, Roland Essel, Achim Raschka and Fabrizio Sibilla, Daniel Steeg (IT Data base), Fabrice Tobler (Layout) (Germany).
• Jan Ravenstijn Consulting, Prof. Ir. Jan Ravenstijn (Netherlands).
• National Innovation Agency (NIA), Dr. Wolfgang Baltus (Thailand).
• narocon Innovation Consulting, Dr. Harald Kaeb (Germany).
• Clever Consult, Dirk Carrez (Germany).
The nova-Institute GmbH - SME
The nova-Institute was founded as a private and independent institute in 1994. Its offices
are located in the Chemical Park Knapsack in Hürth, which is in the chemical industry’s
heartland around Cologne (Germany).
For over 18 years now, nova-Institute has been active in feedstock supply, technoeconomic and environmental evaluation, market research, dissemination, project management and policy for a sustainable bio-based economy worldwide.
nova-Institute uses and creates expert knowledge along with innovative solutions to develop and advance the sustainable use of biomass in bio-based chemistry, industrial biotechnology and bio-based Products. nova has comprehensive contacts within the wide industrial and scientific network for research & development. Its communication services include
conferences, a news portal for the Bio-based Economy including a newsletter, and the International Business Directory for Innovative Bio-based Plastics and Composites (iBIB).
Some of the key questions driving nova’s activities are: What are the most promising concepts and applications for industrial biotechnology, biorefineries and bio-based products?
Which political and economic framework is necessary for sustainable growth of the biobased economy? What are the challenges facing a post-petroleum age, or Third Industrial
Revolution?
Michael Carus & his team
Michael Carus (MSc) (Germany) is a physicist and nova-Institute’s founder and managing director and has worked for over 15 years in the field of the Bio-based Economy. This
includes biomass feedstock, processes, bio-based chemistry, plastics, fibres and composites. His work focuses on market analysis, techno-economic and ecological evaluation and
creating the political and economic framework for bio-based processes and applications
(“level playing field for industrial material use”).
Carus is the main author of “Policy paper on Bio-based Economy in the EU: Level Playing
Field for Bio-based Chemistry and Materials” and of the study "The development of instruments to support the material use of renewable raw materials in Germany". Both can be
downloaded for free: www.bio-based.eu/policy
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Michael Carus and his team are members of various international associations and committees, viz. founding member of the Cluster Industrial Biotechnology CLIB 2021 (Düsseldorf), member of the Federation of Reinforced Plastics (AVK), the “Natural Fibres Reinforced Plastics” subgroup (Frankfurt a. Main), member of kunststoffland NRW e.V.
(Düsseldorf), Plastics Manufacturers Association in the German State of North Rhine
Westphalia, and the executive office of the European Industrial Hemp Association (EIHA).
In addition, nova-Institute is a member of various national and EU-wide working groups
(for example: CEN TC 411) on industrial biotechnology and biomaterials and a member of
the Lead Market Initiative (LMI) “Ad-hoc Advisory Group for Bio-based Products” (since
2010).
The team:
Adriana Sanz Mirabal, Bio-based Plastics and Composites (project manager)
Lena Scholz, Bio-based Plastics and Composites
Janpeter Beckmann, Economics and Resources
Lara Dammer, Policy and Strategy
Roland Essel, Environmental Evaluation & Management
Achim Raschka, Bio-based Chemistry and Industrial Biotechnology
Dr. Fabrizio Sibilla, Bio-based Chemistry and Industrial Biotechnology
Daniel Steeg, Databases and Web 2.0
Fabrice Tobler, Layout
Jan Ravenstijn Consulting - Jan Ravenstijn (MSc) (The Netherlands)
Jan Ravenstijn has more than 35 years experience in the chemical industry, working for
Dow Chemical and DSM, of which 15 years in executive global R&D positions in engineering plastics, thermosets and elastomers. Today he is working as visiting professor and
consultant to biopolymer companies on CEO level, publishing several papers and articles
on the market development of bio-based polymers. Ravenstijn is regarded as one of the
world wide leading experts in this field.
National Innovation Agency (NIA) – Wolfgang Baltus (PhD) (Thailand)
Wolfgang Baltus worked 15 years for BASF, responsible for the business development for
environmental friendly coatings in Asia. Since 2008 Baltus works for the National Innovation Agency (NIA) in Bangkok. He is regarded as one of the leading experts in bio-based
polymer markets and policy in Asia.
The activities of the NIA are covering biomass management, technology promotion, funding and supporting of new industries and business and national policy creation along the
value chain of bio-based materials as well.
narocon Innovation Consulting, Dr. Harald Kaeb (PhD) (Germany)
Harald Kaeb, Chemist, has an over 20 years "bio-based chemistry and plastics only" track
record. From 1999 to 2009 he was chairing the board and building up the association 'Eu© nova-Institut 2013
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ropean Bioplastics', the representation of the bioplastics industry in Europe. Since 1998 he
is serving green pioneers and international brands to develop and implement smart business, media and policy strategies for bio-based plastics as an independent consultant.
Clever Consult, Dirk Carrez
Dirk Carrez is one of the leading policy consultants for Bio-based Economy in Brussels.
He was director at EuropaBio, the European Association for Bioindustries, until 2011. Today he is managing director of Clever Consult, Brussels. In 2013 he was contracted as the
coordinator of the new industrial association BIC (bio-based Industries Consortium),
which will organize the PPP (BRIDGE – Bio-based and Renewable Industries for Development and Growth in Europe ) between the EU Commission and more than 40 companies
in the area of the bio-based economy.
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Introduction

1. Introduction
The PVC industry has adopted an integrated approach to deliver responsible cradle to grave
management, embodied in the signature of a ‘Voluntary Commitment of the PVC Industry’
[VINYL2010 2001]. The ‘Voluntary Commitment’ embraces the principles of Responsible Care®. As
part of this, the PVC industry supports an integrated waste management approach, which aims to
maximize the efficient use of raw materials and utilize the best end-of-life treatment option per
waste stream. In this context, the Voluntary Commitment has obliged the signatories to recycle
200ktons of non-regulated post-consumer PVC waste in addition to the volumes already recycled
in 2000. As a consequence of this trend, the Plastics pipe and fitting producers, represented by
TEPPFA (The European Plastics Pipes and Fittings Association), and the Window frame sector,
represented by EPPA (European PVC window Profile and related building Products Association),
have committed to mechanically recycle increasing quantities of PVC pipes and fittings, and
windows, respectively, at their end-of-life. In addition, the Commitment also emphasizes that
“municipal solid waste incineration (MSWI) with energy recovery will play an increasingly
important role in sustainable waste management concepts” and that “PVC present in the waste
stream contributes to energy recovery”.
To oblige with the commitment, a previous study has already been conducted [KREISSIG 2003] to
assess the environmental impact of (1) mechanical recycling through the Vinyloop process, (2-3)
two feedstock recycling methods, and (4) municipal incineration relative to the baseline scenario
of landfilling the same waste. The study compared specific, state-of-the-art recycling processes
and came to the conclusion that the Vinyloop process yielded the highest environmental benefits,
followed by the two feedstock recycling methods, then incineration and finally, landfill. The scope
of the study, however, does not allow for general conclusions, since it considers only cable waste
and since it compares specific recycling processes rather than mainstream recycling routes.
Consequently, the need arose for a follow-up study in which to compare conventional
mechanical recycling with incineration that would enable decision makers to channel efforts
towards the one with higher optimization potential. The current study aims at answering this
need using two different product wastes, representatives of rigid and flexible PVC.
PVC applications are most prevalent in the construction sector (57%, BAITZ ET AL. 2004), and within
this sector rigid PVC profiles can be satisfactorily represented by windows which are some of the
most ubiquitous such products and are also rather similar in their formulation to PVC pipes. Since
rigid profiles differ significantly from flexible PVC products in the additive content required for
their application, a representative of the latter group was also included in the study, namely cable
insulations, the second largest PVC waste stream in the durable sector in Europe [KREISSIG ET AL.
2003]. In the following, the End of Life (EoL) treatment of rigid profiles, as represented by window
frames, and flexible applications, as represented by cable insulations, will be analysed from a Life
Cycle perspective, against the “baseline” of incineration which presents itself as the most
convenient alternative for waste management.
The study does not aim to compare mechanical recycling of rigid profiles with that of flexible
PVC, but rather, each mechanical recycling route to the incineration route. In addition, the
study’s aim is limited to the evaluation of greenhouse gas emissions, i.e. the Global Warming
Potential of each route.
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2. Goal and Scope
2.1. Goal Definition
The goal of the study is to compare and contrast mechanical recycling of PVC waste with
incineration of the same, based on emissions of CO2 and other gases contributing to Global
Warming (Global Warming Potential).

2.1.1.

Reasons for carrying out the study

In order to follow-up the Vinyl 2010 Voluntary Agreement [VINYL2010 2001], ECVM requested a
study to span the gap of knowledge on conventional routes of mechanical PVC recycling.
Mechanical recycling of PVC is becoming more and more widespread as seen from the increase
compared with 2007: 42% and 20% more, or 80ktons and 55ktons in total were recycled in 2008,
respectively for window profiles and cable waste [VINYL 2009]. While window profiles are
collected directly, cable insulations, a flexible PVC waste, is separated from the copper wires in
cable recycling plants interested in recovering the metal, and is then sent for mechanical recycling
without extra costs incurred for the cable recyclers (cost and benefit roughly balance out) [PLINKE
ET AL 2004]. These developments are in accordance to the commitments to “develop the use of
high-quality mechanically recycled PVC in new products” and to recycle 200ktons of postconsumer waste in addition to the volumes recycled in 2000 [VINYL2010 2001]. The information
gained from this study will enable the industry to direct efforts to the most adequate and
environmentally optimized recovery option of PVC waste streams.
The specific objectives include:
-

Compare and contrast CO2(-eq.) emissions arising from conventional routes of
incineration and mechanical recycling of the same PVC waste

-

Provide a sensitivity analysis of uncertain parameters of the system to explore the
range of values possible under varying conditions that are possible within the context of
European incineration and recycling plants.
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2.2. Scope
The scope of the study describes the different circumstances and boundary conditions, which are
important to correctly interpret the results.

2.2.1.

Functional Unit

The functional unit of the investigation is the End of Life (EoL) treatment of 1kg PVC postconsumer waste (collected and sorted) arising from (a) cable insulations or (b) rigid profiles (e.g.
windows). The end-products of the EoL treatment are steam (8.60MJ), electric power (0.75MJ)
and PVC granulate (1kg) containing the necessary additives for the final product.
Explanation of system expansion:
-

Through the incineration process, 1kg of PVC waste gives 8.6MJ of steam and 0.75MJ of
electric power.

-

Through the recycling process, 1 kg of PVC waste will lead to less than 1 kg of secondary
PVC due to the yield of the recycling process itself.

In order to make the systems comparable, it was decided to have the same amount of
entering material (1kg of PVC waste) and the same amount of output products: steam
(8.60MJ), electric power (0.75MJ) and PVC secondary granulate (1kg). This method is called:
“System expansion”.

2.2.2.

System boundaries

The study is exclusively concerned with the EoL of two different PVC products, a rigid profile
product (window profile) and a flexible PVC product (cable insulation). The system boundaries of
the investigation are as depicted in Figure 2-1.
In the base system the PVC waste (1 kg of cable or rigid profile) is incinerated, producing a certain
amount of power and steam.
In the alternative system the PVC waste is recycled to produce secondary PVC granulate which
already includes all the additives necessary to be extruded into a PVC product. The secondary
granulate is less than the original amount of PVC waste due to losses in the recycling steps.
To allow comparison of the two systems, a system expansion was designed to ensure that in both
base and alternative systems the same amount of functionally identical products are balanced
against each other. In Figure 2-1 the system expansion is shown in blue. In case of the base
system, new production of 1kg of PVC granulates was added, taking account of the necessary
additives for rigid profile or cable. In case of the alternative system, power and steam production
had to be added to match the base system, and a certain amount of new PVC production to reach
the arbitrary amount of 1 kg of granulate, chosen as the system’s end products.
As a result, both systems have the same amount and type of end products.
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Figure 2-1: System boundaries of mechanical recycling and incineration of 1 kg of PVC waste
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Figure 2-2: Mechanical recycling as considered in the study. Main material, waste and energy
flows.
Within the mechanical recycling process, a conventional process chain was considered that is
generally applicable for plastics recycling (Figure 2-2). Between two steps of shredding or
granulating, contaminations of metal and other polymers are removed. The plastics removed
from the waste stream are incinerated, while the metals go into landfill. The fate of metals is a
worst-case assumption made by ECVM and PE INTERNATIONAL. Incineration of materials
removed produces energy (steam and power) that is fed back into the system. In the standard
case it was assumed that PVC quality is retained therefore requires no addition of virgin PVC.
However, to prove this assumption a sensitivity analysis was performed. The results showed no
significant influence in the range of 0-25% of virgin material added. Additives are not necessary
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since the recyclate already contains these as was required for the product (the composition is of
course different between cable and rigid profile).
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3. Data collection
Data used for the modeling derived from secondary data and averages.

3.1. Upstream and background data
All upstream data derived from GaBi 4 database. The background system is addressed as
following:
The electricity (and thermal energy as by-product) used is modeled according to the individual
country-specific situation. The country-specific modelling is achieved on multiple levels. Firstly
the individual power plants in service are modeled according to the current national grid. This
includes net losses and imported electricity. Second, the national emission and efficiency
standards of the power plants are modeled. Third, the country-specific fuel supply (share of
resources used, by import and / or domestic supply) including the country-specific properties (e.g.
element and energy contents) are accounted for. Fourth, the import, transport, mining and
exploration processes for the energy carrier supply chain are modeled according to the specific
situation of each power-producing country. The different mining and exploration techniques
(emissions and efficiencies) in the different exploration countries are accounted for according to
current engineering knowledge and information.
The steam supply is modeled according to the individual country-specific situation with regard
to the technology efficiencies and energy carriers used. Efficiencies range from 84% to 94% in
relation to the representative energy carrier (gas, oil, coal). Coal, crude oil and natural gas used
for the generation of steam are modeled according to the specific import situation (see
electricity).
All relevant and known transport processes used are included. Overseas transports, including rail
and truck transport to and from major ports for imported bulk resources, are included.
Furthermore, all relevant and known pipeline and / or tanker transport of gases and oil imports
are included.
Coal, crude oil, natural gas and uranium are modeled according to the specific import situation
(see electricity).
Diesel, gasoline, technical gases, fuel oils, basic oils and residues such as bitumen are modeled
via a country-specific, refinery parameterized model. The refinery model represents the current
national standard in refinery techniques (e.g. emission level, internal energy consumption...) as
well as the individual country-specific product output spectrum, which can be quite different from
country to country. Hence the refinery products used show the individual country-specific use of
resources. The supply of crude oil is modeled, again, according to the country-specific crude oil
situation with the respective properties of the resources.
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3.2. Process data
3.2.1.

Energy provision

Processes were utilizing European power grid mixes (EU-25), and European thermal energy from
natural gas. The German national steam production dataset had to be used, however, for the lack
of a Europe-wide dataset of the same.

3.2.2.

Incineration

Municipal incineration of PVC waste used for both cable and rigid profile waste using the standard
GaBi dataset from the reference year 2005 (http://documentation.gabi-software.com/). This is a
gate-to-grave process based on average EU data.

3.2.3.

Mechanical recycling

Granulators and washing mills are standard GaBi datasets (http://documentation.gabisoftware.com/). The metal and polymer removal steps of the recycling are not standard dataset,
therefore the energy consumption of these steps is based on estimates and not industry averages.

3.2.4.

PVC waste composition: cable insulations and rigid frames

Wastes streams of PVC cable insulations after dismantling and PVC rigid profiles contain the
additive chemicals, as well as contamination components. Table 3-1 represents the contribution
of different materials to the cable waste PVC entering EoL treatment facilities. Of the materials
listed, metals (copper and aluminum) and non-PVC polymers (polyethylene and rubber) represent
contaminations that can be removed from the material mix, while all other substances (e.g.
plasticizers, fillers, etc.) are considered as additives that are retained in the material mix, allowing
the for direct re-utilization (e.g. re-extrusion).
Table 3-1: PVC waste composition in grams: cable insulation and rigid profile
cable insulation

rigid profile

functional components
PVC granulate

PVC

Filler

calcium carbonate

Impact modifier

multiple impact modifiers

pigment

titanium dioxide

Plasticizer

DEHP or DIDP

Stabilizer
flame retardants

1000

1000

440

60

0

50

0

80

600

0

lead

20

20

antimony trioxide

30

0

aluminium trihydroxide

60

0

chlorinated paraffins

not included

contamination components
PE/PE-X
non-ferrous metals

mixed polyethylene
non-ferrous metals

ferrous metals

ferrous metals

860

0

61.4

71.2

0

142.4
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The composition of additives in the PVC waste, required for cable insulation and rigid parts, is
based on the data provided by ECVM, while the contamination components (i.e. metal and nonPVC-polymer content) in the waste stream were based on the previous study [KREISSIG ET AL. 2003]
executed by PE Europe GmbH.
Chlorinated paraffins were not considered, because they are too unspecific for inclusion,
however, the mass of Antimony trioxide was increased to make up for the missing flame
retardant weight.
Insulation waste stream is contaminated with non –ferrous metals (copper and aluminum) and
polyethylene (Figure 3-1), while the contaminants of the rigid profile waste stream are both
ferrous (steel) and non –ferrous metals (aluminum) (Figure 3-2).

Figure 3-1: PVC cable insulation waste composition

Figure 3-2: PVC rigid profile waste composition
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4. Modeling
The modeling of the system follows the scheme described in the system boundaries, in section
2.2.2.
Figure 4-1 shows the model setup, the process chain proceeding from left to right. First the EoL
route must be selected, i.e. either incineration or mechanical recycling. Once the EoL treatment is
selected the waste amount (1kg here) enters the respective stream.
The outcome of the incineration process, as described before, is the production of steam and
power. However, the market for steam sales is not fully efficient / applicable even in Europe,
which means that often only a part, if any, of the steam produced can be sold to other factories.
To represent this potential shortcoming in the model, an auxiliary process called “value of steam”
serves as a gateway to sales, i.e. depending on our setting, the chosen percentage of steam
becomes an end-product and the rest ends up as heat waste.
During mechanical recycling, material waste from washing, metal and polymer removal, and
compounding and extrusion are channeled into EoL treatment facilities. The metals removed are
assumed to go into landfill for sake of simplicity and worst case assumption. All other wastes
(polymer compounds) are incinerated. The steam and power produced in these incineration
plants are fed back into the recycling plants, and any excess becomes an end-product of
mechanical recycling together with the PVC recyclate itself.
In the process called “System products”, the three end-products of steam (8.60 MJ), power
(0.75MJ), and PVC granulate with additives (1kg) are collected, independent of which EoL and
which product waste was chosen. This is ensured via so-called “dummy” processes, one for each
end-product, that draw the flow of steam, power or granulate from incineration and recycling,
and compensate for the missing amount from new production of the same. That is, if steam
production from the recycling process (from the incineration of some of the losses) does not
reach the required final quantity of 8.60MJ, the missing amount will be drawn from new steam
production, and the burden associated with this production will be ascribed to mechanical
recycling system. The same way, since incineration does not produce PVC granulate, this has to be
produced anew, together with its additives to reach the desired content (the same as the
respective waste material had), and the burden of this production is carried by the incineration
system. During the recycling process, several processes contained uncertainties. Since the
mechanical recycling route represents an average treatment facility, industry averages would
have been necessary to have at hand. However, such data are scarce and acquiring those requires
a greater effort than in the scope of this project. Therefore, in the three processes (metal and
polymer removal, and pelletizing and compounding) where industry averages were unavailable, a
range of possible values were tested for a better understanding of their impact on the final
outcome. The standard case parameters and the tested range are shown in Table 4-1.
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Figure 4-1: GaBi screenshot of the PVC EoL model
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Figure 4-2: GaBi screenshot. Conventional mechanical recycling process - In the bottom-left part of the figure, virgin PVC granulates with additives is
added to the secondary PVC. As mentioned before, this flow was zero in the standard model; however, variable quantities were tested in a sensitivity
analysis.
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Table 4-1: Model uncertainties: parameters in basic setting and the range tested for outcomes
Process

Parameter

Basic

Range tested

Metal separation

Power (MJ/kg)

0.108

0.08 – 0.8

Non-PVC polymer separation

Power (MJ/kg)

0.3

0.1 - 1

Pelletizing and compounding

Power (MJ/kg)

1.1

1 – 1.5

Granulator 1

Losses (waste) %

2(R),3(C)

1 – 10

Granulator 2

Losses (waste) %

2(R),3(C)

1 – 10

Pelletizing and compounding

Losses (waste) %

2(R),3(C)

1 – 10

Washing

Losses (waste) %

2(R),3(C)

1 – 10

Metal separation

Fe-metal content %

10(R),0(C)

0 -20(R)

Metal separation

Non-Fe-metal content 5(R),2(C)
%

0 – 5(C), 0-25(R)

Material upgrade with virgin Virgin PVC added to 0
PVC (recycling)
100g recyclate, g

0-25

Value of steam

0-100

Steam sold %

20

(C) – for cable waste
(R) – for Rigid profile
The basic values for the parameters were estimated based on the existing values for similar
processes in the GaBi 4.3 database and literature review [PLINKE ET AL. 2000]. Wide ranges were
chosen to ensure the validity of the model. Material losses of the PVC cable waste are expected to
be slightly higher than those of the rigid profile waste due to the higher contamination of the
waste stream.
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5. Results
In the following chapter the results of the sensitivity analysis are first discussed (Section 5.1),
necessary in order to set the baseline for comparison between mechanical recycling and
incineration (section 5.2).

5.1. Sensitivity analyses
In this section, the results of the basic scenario are displayed against different scenarios in order
to give an overview of potential range of results. The range of results is based on following values,
which were parameterized in the model.
The key parameters are:
-

Energy consumption

-

Losses during the recycling

-

Metal content in PVC waste

-

The market value of steam (one of the products), which is often not fully marketable

As can be seen in the list above, most of the parameters refer to the mechanical recycling process
only. The incineration process could be modeled using a reliable peer-reviewed GaBi dataset, and
therefore its outcome is only affected by the value of steam. The following diagrams show the
amount of greenhouse gas emissions to air resulting from different scenarios. Figure 5-1 through
Figure 5-3 show variability of mechanical recycling only, while Figure 5-4 refers to variability in
incineration as well.
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Figure 5-1: GWP (kg CO2 eq.) of mechanical recycling based on energy consumption scenarios

Figure 5-2: GWP (kg CO2 eq.) of mechanical recycling based on different losses scenarios
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Figure 5-3: GWP (kg CO2 eq.) of mechanical recycling based on metal content of PVC wastes

Figure 5-4: GWP (kg CO2 eq.) of mechanical recycling of cable and rigid profile PVC waste and
incineration of the same in the function of the marketable value of steam (0-100%)
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Taking into account all modeled scenarios of mechanical recycling, the following diagram (Figure
5-5) summarizes the analysis of this EoL route.

Figure 5-5: GWP (kg CO2 eq.) of mechanical recycling – best and worst case
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5.2. GWP of PVC recycling and incineration
Considering the results shown in the previous section, the range of error could be estimated for
both EoL routes of both PVC waste products. Figure 5-6 depicts the results in terms of GWP. The
error bars summarize the variety of possible results, discussed in the sensitivity analysis section
5.1.

The diagram clearly demonstrates that incineration carries much higher burdens (3-4kg CO2-eq.)
than mechanical recycling in case of both PVC wastes. The difference between incinerations of the
two products is a result of the system expansion, i.e. the inclusion of new production of PVC with
additives that are different for cable and rigid profile.

Figure 5-6: GWP (kg CO2 eq.) of 4 routes: incineration and mechanical recycling with error bars
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6.

Conclusion

The resulting difference between mechanical recycling and incineration is very clear and wellsupported by scenario analyses. However, the absolute values must be interpreted within the
context of the system boundaries. Since the systems of incineration and mechanical recycling
were not directly comparable due to the different products, both systems had to be expanded. As
a result, much of the contributions can be ascribed to the new production of end-products not in
the original system. As shown in Figure 6-1, the impacts of each EoL route are derived not only
from environmental impacts of the treatment or recycling processes themselves but at least 50%
share comes also from new production of end-products not present in the original system (e.g.
PVC granulate with additives in case of incineration). For Example, the Global Warming Potential
(GWP) of mechanical recycling (PVC rigid profile) equals 2.03 kg-CO2-equivalents, but in fact
most of this contribution (1.37kg) derives from the processes required for system expansion, i.e.
power, steam and PVC production (Figure 6-1).

Figure 6-1: GWP (kg CO2 eq.) incineration and mechanical recycling: contribution of the system
expansion relative to the impacts from the EoL processes
Likewise, the difference in the GWP between two different PVC waste streams is as much due to
the difference in EoL processing as to production processes necessary for the system expansion.
As illustrated on the Figure 5-6, GWP of the incineration process is substantially higher than
that of the mechanical recycling in all modeled scenarios. As the recycling process recovers
more of the material, more production steps are substituted and therefore, the GWP is lower
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for this recycling route. The additionally incurred greenhouse gas production is ca. 3 kg in case
of cable incineration, and ca. 4.4 kg in case of rigid profile incineration. Even when considering
the worst case scenarios of both mechanical recycling routes, the greenhouse gas emissions are
at least 2.3 kg and 3.5 kg higher, for cable and rigid profile incineration, respectively.
The remarkably high GWP of incineration routes is partially due to burning of organic matter in
the incinerator (producing steam and power), which is associated with high greenhouse gas
emissions. At the same time, the power and steam produced in the recycling scenarios are coming
from the European grid mix, which includes various energy sources (such as a considerable share
of nuclear power), resulting in lower emissions to air per unit of energy produced.
Although from the GWP perspective incineration is the most damaging option, the energy
recovery potential of the incineration scenario may make this scenario more preferable, if based
on other impact categories (e.g. Primary Energy Demand).
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Primary production and Landfill

As an additional reference point for this study, the Global Warming Potential (GWP) of a ‘primary
production plus landfill’ scenario was investigated.
This scenario contains the primary production of 1 kg of virgin PVC and therefore allows for the
comparison of GWP of the secondary PVC production versus primary PVC production, by taking
into account all conditions of system boundaries as following:
-

1 kg of PVC entering the system as free burden – in one scenario it will be treated within
mechanical recycling process and the other case it will be treated in landfill process.

-

The two scenarios ensure the production of 1 kg PVC + 8,6 MJ of steam + 0,75 MJ of
Power (electricity)
In order to have the system’s outcome comparable, the same scope, functional unit and
identical expansion system was applied as in the main study.

Regarding the primary production plus landfill scenario, one kilogram of PVC waste is disposed to
the landfill, emissions from the landfill come from the additives and therefore they depend on
type of PVC waste. Hence, the rigid profile PVC waste and the cable insulation PVC waste were
modeled as representative waste streams to account for possible variability. The investigated
scenario includes both: conditions of unprotected disposal (all possible emissions to air emitted
from the waste) as worst case and also inert landfill (none of the potential emissions reach the
atmosphere) as best case. When unprotected landfill is applied, data of emissions were taken
from the existing study [KREISSIG ET AL. 2003] and is outdated to a certain extent. However, this
data providing a safe assumption for the worst-case scenario of landfill emissions from PVC waste.
The following figure illustrates the landfill model: power, steam and virgin PVC with additives are
produced in appropriate amounts to equalize the system; the emissions from landfill
management activities and from the PVC waste are modeled in the Landfill process on the righthand-side of the figure.

Figure A-1: GaBi screenshot of the PVC EoL ‘primary production plus landfill’ model
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The resulting diagram, shown in below figure compares GWP of the conventional PVC ‘mechanical
recycling’ route with an alternative ‘primary production plus landfill’ scenario. Error bars
correspond to the variability of the results.

Figure A-2: GWP for the ‘Primary production plus landfill’ and ‘mechanical recycling’ scenarios.
Error bars represent best and worst case scenarios of cable and rigid profile waste

Figure A-3: GWP (kg CO2 eq.) of mechanical recycling of PVC waste vs. Primary production of the
PVC. Error bars show the range including both cable and rigid profile waste.
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As depicted in the Figures above, based solely on GWP, the ‘mechanical recycling’ scenario is
more preferable than ‘primary production plus landfill scenario’, even when considering the worst
case assumptions for mechanical recycling.
Modeled scenario allows for the evaluating of benefits associated with secondary PVC production
vs. primary one. Choosing the mechanical recycling scenario over the primary production one, the
GWP of about 1.3 kg of CO2 emissions is avoided per each kilogram of PVC.
Looking further into results interpretation, power generated in Europe originates to a significant
extent from hydro and nuclear, whereas waste incineration is based on burning waste rich in
carbon (e.g. organic matter). Power generation plants may also have higher electricity yields than
waste incineration and produce less unwanted steam. The fact of using European power grid mix,
which has a ‘good GWP profile’ in the modelling to compare different scenarios, is somehow in
favor of recycling and landfill options. That’s why as mentioned in the conclusion of the main
study: due to the lack of other environmental evaluation types beside GWP and especially due to
the way of modelling, this study does not allow a fully comparison between incineration, landfill
and recycling options.
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Supplement C

Global Warming Potential (GWP)

The mechanism of the greenhouse effect can be observed on a small scale, as the name suggests,
in a greenhouse. These effects are also occurring on a global scale. The occurring short-wave
radiation from the sun comes into contact with the earth’s surface and is partly absorbed (leading
to direct warming) and partly reflected as infrared radiation. The reflected part is absorbed by socalled greenhouse gases in the troposphere and is re-radiated in all directions, including back to
earth. This results in a warming effect at the earth’s surface.
In addition to the natural mechanism, the greenhouse effect is enhanced by human activities.
Greenhouse gases that are considered to be caused, or increased, anthropogenically are, for
example, carbon dioxide, methane and CFCs. The figure below shows the main processes of the
anthropogenic greenhouse effect. An analysis of the greenhouse effect should consider the
possible long term global effects.
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The global warming potential is calculated
in carbon dioxide equivalents (CO2-Eq.).
This means that the greenhouse potential
of an emission is given in relation to CO2
Since the residence time of the gases in
the atmosphere is incorporated into the
calculation, a time range for the
assessment must also be specified. A
period of 100 years is customary.
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