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Review of PVC Sustainability

1.1 Specific Initiatives Focused on PVC Sustainability

1.1.1 National Centre for Business and Sustainability (NCBS)

In 1997, in response to pressure from Greenpeace, a group of UK retailers appointed the NCBS to 'review the evidence concerning the impact of PVC on human health and the environment on the balance of probabilities'. The resulting NCBS report concluded that, on the balance of probabilities, the evidence reviewed provided no overriding scientific reason for the Retail Group to immediately abandon the use of PVC in food packaging or building/insulation materials. However, this conclusion could only be justified if the Group was able to satisfy itself that the PVC it purchased was responsibly manufactured, and would not have detrimental effects when it came to be discarded.

As a result of this work, the group reformed as the PVC Co-ordination Group with Jonathon Porritt as Chair, and membership was expanded to include UK PVC manufacturers EVC (UK) Ltd and Hydro Polymers Ltd. The NCBS was then invited to work with the Group to develop a binding Charter that provides evidence that PVC manufacturers are improving their environmental performance.

An Environmental Charter (1999)

Abstract

The Environmental Charter for UK PVC Manufacturers addresses the full range of environmental issues associated with PVC manufacture which are under the direct control of those companies producing raw PVC. Under the Charter, manufacturers also seek to engage stakeholders and to build partnerships in a concerted effort to minimise environmental effects of the material. Signatories of the Charter are committed to seven key actions, including: 

· compliance with an Eco-efficiency Code of Practice for the manufacture of PVC; 

· the examination of their operations in a broad social, environmental and economic context; 

· participation in supply chain development and product stewardship initiatives; and

· contribution to research programmes on the environmental and health effects associated with PVC manufacture, use and disposal.

The Charter was developed and agreed by the PVC Coordination Group which comprises UK retailers; Asda, CWS, Tesco and Waitrose, and also includes the Environment Agency and the two UK PVC manufacturers EVC and Hydro Polymers.

Eco-efficiency Code of Practice for the Manufacture of PVC (2000)

Abstract

The NCBS has developed a Code of Practice, which sets out minimum environmental standards to be achieved in the manufacture of PVC, together with measurable targets for continuous improvement in environmental performance. The Code allows an assessment of environmental impact per ton of PVC produced, and thus facilitates comparison between different sources of PVC. The Code was signed in March 2000 and UK PVC manufacturers report annually on progress. 

Developing a research programme on environmental and health impacts (2001)

Abstract

Work has been undertaken on a further Charter commitment: 'to continue to participate in, and finance, research on the environmental and health effects associated with PVC manufacture, use and disposal'. The NCBS carried out a study to identify key gaps in current knowledge and understanding of the environmental and health impacts of PVC, so as to help the industry determine a coherent research programme to address these shortcomings. The study involved a detailed literature review and a questionnaire survey. The final report set out a number of issues that industry should consider when developing a research programme in this area.

Planning for a Sustainable Future (2002)

Abstract

Review of operations in the broader social, environmental and economic context is an on-going element of the Charter. As an initial activity, in mid-1999 the NCBS convened a 'futures' workshop which provided a forum for a wide range of stakeholders to engage in constructive debate about the future of PVC, and to identify key issues for further action. A follow-up workshop on closed-loop manufacture was held in early 2001. As part of this larger area of work, the NCBS also worked with the PVC manufacturers on a partnership study.

Recycling end-of-life PVC packaging (2003)

Abstract

Using funding from ICI, EVC (UK) Ltd and Hydro Polymers Ltd via the Landfill Tax Credit Scheme, the NCBS carried out a project to establish whether it is feasible, practical and economic to recycle these PVC shelf display trays. Using a number of retail stores as a pilot group, the project aimed to:

· identify social, economic and technical barriers to recycling the trays; 

· develop systems to ensure that waste PVC trays are separated and returned for recycling; 

· assess the economic and environmental costs of transporting and recycling the trays; and

· analyse the quality of the recycled product.

The project focused on the first two objectives, as these presented the greatest challenge to establishing recycling systems. Current in-store systems are not conducive to ensuring effective separation or low-contamination of shelf trays. However, developments in recycling technologies with higher tolerance for contamination may make this easier in the future. 

1.1.2 The Natural Step

The Natural Step (TNS) is an international charity that helps organisations to develop sustainability strategies by utilising TNS Framework. TNS in the UK operates under licence of Forum for the Future.

The approach

The Natural Step Framework, which assesses the overall sustainability of a system, places conditions on the system that must be met. There are four such conditions and these are detailed below.

· Substances from the Earth’s crust must not systematically increase in nature.

· Substances produced by society must not systematically increase in nature.

· The physical basis for the productivity and diversity of nature must not be systematically diminished.

· We must be fair and efficient with respect to meeting human needs.

In 2000 this framework was applied to the area of PVC and sustainability and the results were published in a report by the Environment Agency in the UK.

2020 Vision Series No. 2: PVC and Sustainability, Mark Everard et al

Abstract

2020 Vision is a process initiated by the Environment Agency to help create a vision of the kind of environment and sustainable future to which society aspires. The 2020 Vision Seminars are a collaborative venture between TNS (The Natural Step) and the Environment Agency. This report on PVC (polyvinyl chloride) is the second 2020 Vision report.

The public profile, and interest, both in the media and in national and European government, about issues related to PVC has steadily increased in recent years. The issue of PVC is contentious. Mounting concerns amongst pressure groups, in the media and in Government (at national and European level) have meant that the PVC industry has had to act. Equally, there is evidence of decision-making outside of the PVC industry that is reactive and based neither on facts nor sustainable development considerations.

This document explores the place of PVC in a future sustainable world. The PVC Project, a co-ordination group comprising representatives of major retailers and the two UK PVC manufacturers, supported a research project to explore the sustainability issues of the PVC life-cycle using the principles of The Natural Step. The research project produced the report PVC: An Evaluation Using The Natural Step Framework (July 2000). In addition, the TNS principles were used at a 2020 Vision Seminar to build consensus within a group of invited experts about what would be necessary for PVC to be part of a sustainable future. The Environment Agency is a regulator of PVC during certain stages of its life-cycle and has a role in providing sound scientific advice as well as a duty to contribute to the achievement of sustainable development. This document summarises the key issues and implications arising from the research and consensus-building processes 

1.1.3 Vinyl 2010

Vinyl 2010 is an voluntary initiative by the European Vinyl’s industry to enhance its sustainability profile. Vinyl 2010 is a ten year plan (initiated in 2000) of commitments which includes the following:

· Compliance to ECVM Charters regarding PVC production emission standards;

· A plan for full replacement of lead stabilisers by 2015, in addition to the replacement of cadmium stabilisers which was achieved in March 2001;

· The recycling in 2010 of 200,000 tons of post-consumer PVC waste. This objective will come in addition to 1999 post-consumer recycling volumes and to any recycling of post-consumer waste as required by the implementation after 1999 of EU Directives on packaging waste, end-of-life vehicles and waste electronic and electrical equipment;

· The recycling of 50% of the collectable available PVC waste for windows profiles, pipes, fittings and roofing membranes in 2005, and flooring in 2008;

· A research and development programme on new recycling and recovery technologies, including feedstock recycling and solvent-based technology; 

· The implementation of a social charter signed with the European Mine, Chemical and Energy Worker’s Federation (EMCEF) to develop social dialogue, training, health, safety and environmental standards, including transfer to EU accession countries;

· A partnership with local authorities within the Association of Communes and Regions for Recycling (ACRR) for the promotion of best-practices and pilot recycling schemes at local level.

Vinyl 2010 produces yearly updates on the progress made so far in achieving the original commitments made. The most recent update was published in 2004 and included the following achievements.

· Completion of EU risk assessment on DBP, DINP and DIDP

· Completion of several recycling projects throughout Europe

· Compliance with the deadline for the ECVM E-PVC Charter

· Set up of Recovinyl SA for the mechanical recycling of PVC

· Start of plant modification for new feedstock recycling plant (Stigsnaes)

Several new targets for the year were also highlighted in the report.

1.2 PVC Sustainability Research Papers

PVC and Sustainability, Jason Leadbitter, (written in English)

Abstract

PVC was under intense and hostile attack for a number of years, primarily because of its association with chlorine chem.  It was argued by some that because of this association it is inherently unsustainable, although much of this argument was emotionally driven rather than based upon scientific scrutiny.  Yet the presence of chlorine imparts a range of unique tech. features in PVC that set it apart from many other polymers.  A number of these features are well known and documented, and perhaps this uniqueness makes it a fascinating polymer to study in terms of its potential for sustainability.  It is durable in use and difficult to break down.  This persistence has made it a target by some campaigners, yet this could arguably be one of its greatest strengths from a sustainability perspective.  The following report assesses-on a scientific basis-what sustainability means to the PVC industry and the necessary steps that would be needed to deliver a truly sustainable polymer.  The evaluation model presented is based on The Natural Step (TNS) framework.  The TNS framework is a robust and science-based set of tools that define sustainability in unambiguous and workable terms and helps organisations engage with the practicalities of sustainable development.  In particular, the review includes a case history of a sustainable development process leading up to this evaluation involving a number of leading UK retailers. 

Use sustainability metrics to guide decision-making, Jeanette Schwarz et al (written in English)

Abstract

Sustainability metrics are designed to consolidate key measures of environmental, economic, and social performance.  To incorporate this sustainability goal into management decision making, metrics that relate environmental and economic performance for production processes need to be developed.  These metrics support decision-making by providing a mechanism for benchmarking performance, tracking progress over time, evaluating products and processes, and developing strategies for improvement.

1.3 Sustainability Research for PVC in Medical Devices

PVC - a sustainable future in medical device applications, Jason Leadbitter (written in English)

Abstract

This paper addresses the importance of Sustainable Development for the PVC Industry in relation to medical device applications.  This is done by an initial review of triple bottom line reporting of today's position and a by a novel evaluation of what it would take to make PVC truly sustainable.  This aspect of the report reviews a pioneering process called the Natural Step, developed in Sweden by Karl Henrik Robert that uses a strict set of 4 key principles.  The model presented in this case is the use of PVC in medical device applications compared to these criteria, with a review of current practices and future activities.  There is particular emphasis on the challenges that the industry will need to address to maintain its position as the most widely used polymer in pre-sterilised single use medical device applications. 

2 Review of Life Cycle Assessments Available on PVC

2.1 PVC LCA Overview Studies

2.1.1 Life Cycle Assessment of PVC and Competing Materials (2004)

A study commissioned by The European Commission on the life cycle assessment of PVC and competing materials was completed in July 2004. Four European environmental companies – PE Europe, IKP (Stuttgart), IPU (Denmark) and the RANDA Group in Barcelona, carried out the study.

Several life cycle assessments that had been carried out on PVC used in specific product applications throughout Europe were reviewed in the report10. The review process followed a systematic characterisation whereby specific aspects of the LCAs were assessed for their quality and gaps in methodology and data. The studies included in the report are written in a variety of European languages. These are listed in the Appendix by application (see page 82); however the review report itself is written in English and therefore the main findings and conclusions of each study are available. The LCAs were grouped in accordance to the industry sector in which the product was utilised. A large proportion of application based LCA studies were found in the building and construction industry and included LCAs on windows, cladding and flooring.

The following first gives an overview of the findings of this report and then presents some of the specific results of the LCA studies for different applications of PVC.

Executive Summary

The overall goal of the study was to compile an overview of the publicly available information on Life Cycle Assessments (LCA) on PVC and competing materials, for a variety of applications, in order to assess existing information and to identify information gaps.

LCA comparisons should be undertaken at application level rather than at material level. Depending on the kind of product, the environmental impact during use or after end-of-life can be even more important than the environmental impact of material production (e.g. fuel saving light-weight parts in automotive applications or use phase effects of the cleaning of flooring materials). Approximately 100 LCAs related to PVC have been identified, with only 30 making comparisons at the application level (see Appendix A). Many of the reviewed LCAs do not fulfil all requirements outlined by ISO 14040.

The following general conclusions on PVC can be drawn: 

· The hot spots’ in the PVC life cycle from ‘cradle to gate’ are the extraction of crude oil and rock salt. The production of stabilisers and plasticizers; and production of pigments does not contribute to the environmental impacts significantly because of the small volumes used.

· Various options and technologies for PVC recycling are available; however, the user will not accept recycled products with lower optical or aesthetic quality (colour, surface quality), even if the technical quality (mechanical properties, durability) is the same. This is especially true for building, electronic and automotive products.

Specific findings of different LCA studies

The most important applications of PVC are in:

· the building and construction sector (windows/ shutters, sheets, flooring and pipes), 

· the electric and electronic equipment sector (predominantly cables), 

· the transport sector (plastisols, artificial leather, dashboards, structural parts) and 

· the packaging sector (non-beverage packaging).

A remarkable amount of LCA information is available for building materials and products, but a strong dependence on the specific results and the goal and scope of the studies case-by-case remains.

Window LCA Studies

For windows, one of the most important PVC applications, the available studies (see A.1 on page 82) conclude that there is no “winner” in terms of a preferable material since most of the studies conclude that none of the materials has an overall advantage for the standard impact categories. The most promising potential for lowering environmental impacts of windows is expected through the optimisation of the design. Therefore the choice of material is of rather minor importance environmentally, as long as the material can provide the required system quality of the window.

The use phase is the most important stage of the window’s life cycle and as a consequence any optimisation of the life cycle should focus on window quality and design. The report also noted that no significant data gaps existed for windows. However little information existed regarding other polymers used in window applications and therefore a comparison could not be made (for example, PP window frames). It was also suggested that the addition of the necessary flame retardants required to bring other polymers up to specification would have a significant influence on the overall life cycle impacts. 

Flooring LCA Studies

Only three LCA flooring studies were highlighted in the report for the EC 10 (see A.2 in the Appendix on page 82). They conclude that linoleum has comparable or slightly fewer environmental impacts compared to PVC flooring of equivalent quality in the production phase. One study (IPU 0013; see the Appendix) states that wooden flooring tends to have lower life cycle impacts than PVC and linoleum, but is more demanding in the use and maintenance phase. The use phase (including maintenance of the flooring and total service life) was found to be the life cycle stage that could influence overall environmental impact to the greatest extent. However significant information gaps existed in the studies reported for PVC competitor materials (e.g. carpet & linoleum) and as a consequence the analysis was inconclusive. 

Roofing LCA Studies

Only one LCA study that looked at PVC in roofing applications was included in the review (see page 83). This particular study included the use of PVC only as a liner to other roofing materials. The production and end-of-life (EOL) life cycle stages are cited as those that most influence the environmental impacts roofing. 

Pipe LCA Studies

Overall the results of the eleven LCA pipe studies that were included in the review (see A.4 of the Appendix) gave a very heterogeneous picture. Some studies show clear advantages of concrete and fibre cement pipes, some report clear advantages for polymer pipes such as PVC and PE; others conclude that the material plays no role as long as no cast iron is chosen. The life cycle stage that many of the studies cited as having greatest influence on overall impact was the production of the pipe material. Some of the studies included within its boundaries the installation, maintenance and renovation stages and these LCA studies found that the choice of material was less important. Many of the studies indicated data gaps or were based on different databases and different functional units and it is recommended by the report’s authors that one all-encompassing study comparing different materials be carried out.

Toy LCA Studies

No LCA studies that consider the use of PVC in toys and sports goods could be identified. This therefore could be a possible research gap – to be investigated.

Consumer Goods LCA Studies

Only one study that looked at the environmental impacts of credit cards was included in the report (see Appendix A). It concluded that other materials, such as ABS and PET would be preferable to PVC in this application. However, no overall conclusion for this industry sector can be drawn from such an analysis and it is recommended that further studies into goods such as clothing and furniture be carried out.

Packaging LCA Studies

The majority of the packaging LCA studies reviewed in the report compared the use of PVC with other materials such as glass, metal and cardboard (see Appendix A, page 85). Many of the studies conclude that polymers used for non-reusable packaging are favourable compared to heavier alternatives; however, there is no consensus as to which polymer is preferable. For example, PVC bottles  tend to have comparable impacts to those of PET bottles; however, the market share of PVC bottles in Europe is now minor.

When re-use is taken into account the conclusions are less clear. Many of the studies that include a PVC packaging LCA were carried out before the ISO LCA standards were published and therefore many of the studies do not fulfil the standards requirements. The report recommends that further packaging studies be undertaken that cover the whole life cycle impacts and focus specifically on end of life options for recovery and reuse of materials.

Transport LCA Studies

Only one LCA study that focused on the transport sector was publicly available for inclusion in the report (see Appendix A). Many studies have been carried out but are generally used for internal decision making only. Consequently the report concludes that a huge gap exists for publicly available PVC information in transport applications.

Electronic and Electrical LCA Studies

The main application that PVC is used for within this industry is for cables. The conclusion of the single study that is included here is that moving from PVC to polyethylene does not bring about any improvement in environmental performance. Another study, not included in the report for the EC, which looks at different cable sheathing is discussed later (see section 2.4.1 on page 17)

Medical LCA Studies

PVC plays a major role in terms of market share of the medical products such as gloves, medical bags and miscellaneous devices; however, no comparative studies have been undertaken in this area.

Agricultural LCA Studies

No comparative LCA studies were identified for the industry sector.

2.1.2 Life Cycle Assessment of Polyvinyl Chloride and Alternatives – Summary Report (2001)

This study was carried out by Entec and Ecobalance UK Limited for the UK Department of Environment Transport and the Regions (DETR). LCAs of several PVC products were carried out and compared to alternative products that perform the same or similar function.

Executive Summary

This is a summary report for the project “Life cycle assessment of polyvinyl chloride (PVC) and alternatives”. Full technical details are available in the full report of the project
. This document summarises the aims, method and results of the work without including the detailed technical annexes required by international standards on life cycle assessment (LCA). The report is aimed at the non-LCA specialists.

The project was commissioned by the Chemicals and Biotechnology Division of the Department of the Environment, Transport and the Regions (DETR) to help inform policy development regarding polyvinyl chloride. The objective of the project was to carry out LCAs for a number of applications of PVC and alternative materials. The study was conducted according to the requirements of the ISO LCA standards. 

To begin to address sustainability issues this study seeks to extend the environmental LCA into the areas of economics and risk. In doing this it highlights significant issues that are of interest to policy makers such as risk characterisation and the wider social and external costs within the life cycles of PVC and its alternatives. The economic study includes examination of the external costs based on the inputs and outputs modelled by the LCAs. The assessment of risk focuses on risk to human health. The assessment concentrates on those areas where there is likely to be the greatest risk and provides a qualitative discussion of relative risk in the life cycles. The aim of the risk assessment is to provide a broad, qualitative macro assessment of human health risks through the life cycle. There is not a standardised method for doing this and therefore this study represents an exploratory approach.

To ensure that an appropriate mix of products was examined to a sufficient level of detail, a shortlist of potential applications was drawn up together with possible alternative materials. Applications and alternative materials were selected following assessment against a number of criteria. The selected applications and alternatives were collation trays (packaging), commercial flooring, rainwater pipes and window profiles; the alternative materials were polystyrene, linoleum, aluminium and wood respectively.

LCA shows differences in relative performance of the materials in the impact assessment categories selected. In the case of collation trays, the PVC tray system generally performs marginally better and for flooring, it is the linoleum that exhibits the marginal advantages. In the case of rainwater pipes and window profiles, the differences are more pronounced however, with the PVC pipes performing better than the aluminium pipes and the wood profiles performing better than the PVC profiles.

The exploratory economic work indicates that the external costs
 modelled tend to be higher for the PVC products than for the alternative material products. However, production costs typically reflect greater than 98% of the total social cost (the sum of the internal
 and external costs). External costs do not therefore, appear to be a significant proportion of the total social costs estimated. This implies that internalisation of external costs would not have a significant impact on the markets for the products considered.

The macro-risk assessment aspect of the study is an attempt to reflect the nature of risks presented by the life cycles. Only principal human health risks have been included. The assessment suggests that, for the applications considered, the more considerable risks are in the production phase of the life cycles in which raw materials are produced and converted into usable products rather than the use and end-of-life phases. Such risks typically fall within regulatory frameworks such as the Control of Major Accidents and Hazards regulations. It is a reasonable assumption to expect these production phase risks to be internalised in the cost of production and hence reflected in the product price.

It is recommended that decisions regarding appropriate policy making with respect to PVC consider a broad range of issues. These will include not only environmental performance (through LCA), but also such aspects as the impact on employment in the PVC and alternative materials industries, the actual availability of suitable alternative product materials, the willingness of individuals to pay for alternative products if more expensive and the perception of risks and performance from products themselves. Certain of these aspects are political in nature and opinions developed around them will often have only selective regard to scientific, economic and social evidence. It is recommended that the policy decision making process with respect to PVC be responsive and consider not only technical information and its robustness but also public opinion and the reasons that such opinion is formed.

2.1.3 Summary of the Reports’ Findings 

The report for the European Commission10 found that for many PVC applications, the LCA results were inconclusive. This was due either to lack of data or to the results indicating that no material was environmentally outstanding when compared to others used in the same application. The scope of the studies also varied greatly. Some included end-of-life-treatment options such as recycling and some did not. Consequently there is opportunity to revisit the LCA of PVC in a variety of applications ensuring that any study is carried out within ISO guidelines and the scope is wide enough to include recycling.

The report by Entec and Ecobalance for the DETR11 found somewhat similarly mixed results for PVC and its alternatives. In many of the applications the materials being compared were only marginally better or worse than each other. Often one would perform better in some of the impact categories whilst the other performed better in the remainder of the impact categories studied. Even where larger differences were noted, neither material was more environmentally damaging across the whole set of impacts.

These reports indicate that the relative environmental impact of PVC is very dependent upon the application in which it is used, the alternatives available and the specific scenarios that are considered in the assessment. As a consequence, a definitive conclusion as to the best material to use is difficult to ascertain.

Further research has taken place that focuses specifically on particular PVC applications. Some of the results of this work are presented in the following sections.

2.2 LCA Studies into Polyvinyl Chloride Window Applications

2.2.1 PVC-u Windows Life Cycle Work at Brighton University (1998 – 2002)

Environmental assessment of the re-use and recycling of unplasticised polyvinyl chloride window profiles –Flanagan

Abstract

This research sets out to evaluate the LCA impacts associated with the use and re-use of PVC-U joinery profiles. Primary data collection enables accurate estimates of the material and energy impacts associated with extrusions, assembly and disposal processes within the UK. The results show that delivered embodied energy value of PVC-U joinery profiles is 83.27 MJ/kg. .

A computer program was developed to enable estimation of energy efficiency in the form of fuel feedstock conversion, process energy used by each sub-system, transportation impact attributed to the delivery of polymer and material efficiency - the amount of virgin scrap produced.

The opportunity to model re-use scenarios and the presentation of burdens in a standardised summary enabled the potential energy savings associated with the polymer's reuse to be identified. As a consequence an increase in energy use due to material reprocessing and the transportation of recyclate was shown to be offset by the reduction in upstream material requisition. The re-use of virgin scrap within the life-cycle investigated can therefore have significant effect on redressing environmental impacts. 

Several other papers have been written by Flanagan about his work on uPVC window frames
,
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Modelling the environmental impacts associated with the recycling of PVCu joinery profiles, Flanagan, L. and A.J. Miller (written in English)

Abstract

The aim of LCA is to determine the true environmental impacts of an activity and thus allow the opportunity for comparison between similar systems. It is the cumulative effects of the activity that are therefore reviewed and compared, rather than individual manufacturing processes. Primary research conducted by the University of Brighton has investigated the reuse of unplasticised Polyvinyl chloride (PVCu) via the implementation of an LCA methodology.  The interdependency of each data set is examined via the design and implementation of a computerised program.  This paper discusses the key drivers in the program's design, namely the ability to critically review each sub-system targeted, the opportunity to model impacts, and the presentation of burdens in a standardised summary. The impacts attributed to the Eco-profile investigated are also quantified.

2.2.2 PVC Windows Life Cycle Work at Napier University (2002)

Life cycle assessment of aluminium-clad timber windows., M. Asif

Abstract

Four different types of windows, made of aluminium, aluminium clad timber, PVC and timber frame, have been compared with respect to the ecology of frame materials - covering energy contents and environmental loads, maintenance and durability, service life and costing. A survey has been carried out with the help of housing authorities, architects and surveyors within UK, to study the performance of these windows in real life. A series of accelerated tests have been carried out to study the weathering performance of the candidate windows. The results have revealed that aluminium clad timber windows have excellent resistance against weathering conditions and they perform better than aluminium, PVC and timber windows under any conditions. In on ongoing research project at Napier, copper (Cu) coated silicon carbide (SiC) reinforcement particles have been used in aluminium 6061 matrix to enhance the mechanical properties of the Al-SiC metal matrix comprise (MMC), which is a prospective material to be used in window hardware. Results have indicated that Cu coating does not bring any additional corrosion loads onto the MMC. Recommendations for further work have also been laid out.

Life cycle analysis of window materials - a comparative assessment, M. Asif

Abstract

This article addresses the life cycle assessment of the materials normally used for window frames, highlighting their respective benefits and weaknesses. Frames of different materials have been assessed on the basis of their production, energy consumption and environmental impacts. It has been found that the embodied energy of the windows made of aluminium, PVC, Al-clad timber and timber, for a reference window (1.2m×1.2m), are 6GJ, 2980MJ, 1460MJ and 995MJ respectively. The investigation shows that aluminium and PVC frames exhibit large amounts of environmental burdens. Accelerated ageing tests have been carried out to test the durability of windows against weathering impacts. These tests show that aluminium clad timber windows are comparatively least affected by environmental impacts. The article also provides results of a survey carried out with housing associations on performance of the studied windows.

2.2.3 Other Work Investigating the LCA of Window Frames

Window and advanced glazing systems life cycle assessment, Stephane Citherlet et al

Abstract

The present study has been done in the framework of the European Project IMAGE IMplementation of Advanced Glazing systems in Europe and offers to the glass industry, engineers, architects and all people dealing with energy in buildings a reliable indicator of the environmental impact of advanced windows: their global environmental impact, which includes an Life Cycle Assessment analysis of the glazing system production / maintenance phase and a thermal balance of its utilisation phase.

Dioxins and other carcinogenic substances in life-cycle work (assessment of relative risk potential), Ernst-Josef Spindler et al

Abstract

An assessment of the relative risk potential regarding carcinogenic effects of dioxins and polyaromatic hydrocarbons (PAH) is exemplified by adding together the life-cycle emissions (production. and recycling) of window frames (polyvinyl chloride (PVC) and wood) and their comparison after toxicological weighing.  Emissions of PVC and wood windows are both 20 ng toxicity equiv./window (dioxins) and 50 g benz(a)pyrene/window (PAH).  Rare fire events do not contribute significantly to total emissions of both toxins.  PAH emissions are much more important carcinogens compared with dioxins by a factor of 100-200 after toxicol. weighing.

Ecology and economy of PVC window frames, Helga Roder

Abstract

Use of PVC in window frame manufacture is discussed, including ecological. and economical aspects. The situation in Austria and Germany has been presented in more detail. Multiple (more than tenfold) recycling of quick-aged PVC window frames makes it possible to incorporate up to 80% of the recyclate into new window frames.  Tech. (cheap raw materials, easy production.), ecology (negligible impact) and economical factors (no maintenance, no degradation) render the PVC excellent as a material for window frames.

2.2.4 Summary of work on PVC windows

Work by Flanagan and Roder both quantified the environmental impacts associated with the PVC window life cycle with a focus on the effect that re-use and recycling had. Both researchers concluded that due to its suitability for recycling and as a consequence its potential for environmental impact reduction PVC shows many benefits as a window frame material. The other work carried out at Napier University and that completed by Citherlet and Spindler made comparisons of PVC with other materials. However, in the work by Asif only the embodied energy of the materials was considered. Aluminium was shown to have the greatest embodied energy compared to the other materials assessed. A broader range of impact categories was considered by Citherelet. The results showed that although PVC had marginally the highest impact on Photochemical Oxidation (Smog), aluminium caused the greatest impact in terms of consumption of non-renewable resources, acidification and global warming potential. Spindler compared PVC with wood, specifically focussing on dioxin and PAH emissions during the life cycle. Neither materials was found to be particularly better or worse than another. Spindlers results are in direct conflict with those found during the study by Entec and Ecobalance for the DETR12 which concluded that wood window frames performed significantly better than PVC frames.

2.3 LCA Studies into Polyvinyl Chloride Flooring Applications

The Maintenance of Linoleum and PVC Floor Coverings in Sweden - The Significance of the Usage Phase in an LCA, Jacob H. Paulsen

Abstract

Goal, Scope and Background

An extensive life cycle inventory of the maintenance of floor coverings has been carried out for the professional cleaning sector in Sweden. Different maintenance methods for linoleum and PVC were inventoried. The objective has been to develop a model for estimating the resource use in the Swedish professional floor cleaning and maintenance sector. Several important actors involved in the Swedish professional cleaning sector participated in the inventory. An agreement could be reached for a limited number of methods and products. The result can be regarded as representative for the maintenance of linoleum and PVC in respect to professional maintenance in Sweden.

Methods, Results and Discussion

The maintenance was divided into two different types: periodical and frequent maintenance. It showed that 36 maintenance systems were relevant (each system is a combination of periodical and frequent maintenance) and that the expected impacts from maintenance could be found through an inventory of these 36 systems. The resource use for each system was inventoried and pertaining LCI data was collected. However, it showed that the resource use for the maintenance systems could not be quantified without estimating three so called 'application-specific context parameters', which were not depending on the maintenance system but related to the specific type of premises. The three parameters were: the frequency of the periodical maintenance (P); the frequency of the frequent maintenance (P), and; the estimated service life (L) of the floor covering. The prediction of a specific resource use for maintenance of a specific floor covering could thereby not be carried out without the knowledge of the three application-specific parameters. However, all collected data were supplied to a specifically developed calculation program, which made it possible to estimate the impact from the 36 maintenance systems for different choices of estimated service life and maintenance intervals for the periodical and frequent maintenance. Approximately 1300 different scenarios were provided, using different values for F, P and L, respectively, and compared in order to answer several questions of concern to the professional cleaning sector in Sweden. 

Conclusions

Some of the most important conclusions generated from the scenarios were: 

· the impacts from maintenance proved to be significant compared to the impacts from the floor;

· In several cases, wax-based systems turned out to be preferable to polish systems

However, the result is sensitive to the chosen cleaning method. When polish systems are chosen, the choice of floor covering may influence the usage phase in a significant way.

Recommendation and Outlook

A framework has been provided as a base for further development. Possibly, the data could be improved and supplied with data of other products and materials. Even other types of floor coverings may be considered. The focus has primarily been on energy use and emission of chemicals recorded as dry substance. Development of a method for quantitative assessment of the actual chemicals is desirable.

Life cycle assessment study on resilient floor coverings, Gunther, Albrecht
;

Abstract

Fourteen European producers of resilient floor coverings examined. thirty-two objects of their products in a life cycle assessment study.  The product groups were PVC, cushioned PVC, polyolefin, rubber and linoleum, with one referenced example from textile and parquet flooring.  There is no material specific ranking for 'best' or 'worst' environmental performance.  Differences within the material groups - depending on the individual formula - are larger than between the groups.  The introduction of material-specific recycling of used flooring as well as the use of recycled material in flooring production could reduce environmental loads significantly.  The premature replacement of a flooring by the user may have a major influence on the environmental performance of the flooring.

2.3.1 Summary of Work on PVC Flooring

The work carried out by Paulsen is included in the report to the European Commission discussed in section 2.1.1. The main problem cited with this study is that it includes only the impacts in the use phase and although PVC and linoleum floorings are compared they are only considered with regard to their effect on the maintenance products required. The work by Albrecht et al. involved a wider system; however, none of the materials was found to be better or worse in terms of environmental performance.

2.4 LCA Studies into Polyvinyl Chloride Cable Applications

2.4.1 PVC Cables Life Cycle Work at the University of Surrey

Material and Process Selection Methodology: A Data Cable Case Study, E.A. Williams et al

Abstract

Tools such as LCA and Life Cycle Product Design (LCPD) enable the environmental impacts of products and processes to be assessed from 'cradle to grave'. They can also identify areas for improvements which may reduce these impacts. However, the environmental effects of a material, product or process are only one set of measures which need to taken into account during the decision making process. Economic, technical, legislative and other criteria must also be considered. A new LCPD methodology has been developed to facilitate this holistic approach to decision making.

The methodology allows evaluation of environmental impacts and assessment of economic and technical performance of materials, products and processes within a variety of open or closed-cycle scenarios. This includes the ability to model and map individual material mass flows throughout the whole product system. Options for material selection and processing, re-use and recycling can be selected and compared to give suggested routes for material cascades. Thus, this new methodology enables consideration of multiple decision-criteria for material and process selection and design.

In this paper, the methodology has been applied to a case study that considers the recyclability of category 5 data cables. Two cables, with very different outer sheath materials, are assessed and compared with respect to their production and initial utilisation in addition to subsequent re-use and recycling options. Several end-of-life scenarios, which include landfill, incineration, dismantling and mechanical recycling, are considered. Modelling results based on environmental and economic criteria are presented and preliminary recommendations for materials and process selection are given

Category 5 Cable Recycling, in: LCPD and Integrated Chain Management of Polymers and Products (CHAMP) Final Report, Warren Mellor et al

Abstract

This case study focused on the options for recovery and recycling of polyvinyl chloride (PVC) and low smoke zero halogen (LS0H) based structured cables and wiring. A full life cycle assessment of the processes involved in the production of the category 5 twisted pair data cable was carried out in addition to an investigation into the options for end of life cables. The results showed that copper was the material with the greatest impact on the environment in the majority of impact categories assessed. PVC had a marginally higher impact than LS0H (less than 20% in all cases) in several of the categories, though the impact of the sheathing material was much less significant than copper overall.

2.4.2 Other work investigating the LCA of PVC cables

A life-cycle assessment (LCA) model for cables based on the fire-LCA model, M. Simonson et al

Abstract

A novel life-cycle assessment (LCA) model has been developed for the investigation of the environmental impact of the choice of material in cable production. In the first application polyolefin based material and PVC material is used. In both cases equivalent fire behaviour is assumed and a fire model is established based on existing fire statistics. This study represents the second full application of the fire-LCA model. In this paper the new 'cables fire-LCA' model is presented together with the results of this first application. Aspects such as end-of-life scenarios, fire statistics, and fire scenarios and large scale fire performance of cables are discussed together with details of the LCA model defined for cables and the results of four different end-of- life scenarios.

LCA study for insulated wires, Koichi Mizuno et al (written in Japanese)

Abstract

A life cycle assessment (LCA) has been conducted for electrical insulted wires in which poly-vinyl chloride (PVC), polyethylene (PE) and bridge-formed polyethylene are selected as the insulating materials.  A software NIRE-LCA developed by National Institute of Resources and Environmental Technology was used for these purposes.  The scope of assessment includes collection of raw materials, manufacturing of raw materials and products, use and recycling of products.  Inventories of raw materials include PVC, DOP
, CaCO3 and PE.  About 31% of PVC is recycled from wasted wires and this reduces CO2 emission by 8-31%.  A comparison is also made of CO2 emission from use and production of various PVC compounds and insulated wires production

End-of-life management of distribution cables: options for improvement obtained from an analytical approach. G. Dinelli et al (written in French)

Abstract

This article outlines Enel's current research into rationalised management for the decommissioning of electrical energy distribution cables. Rationalisation seeks improved profitability for recovered products and reduced environmental impact.  Research is based on the application of life-cycle analysis (or "LCA") techniques, which input data on energy consumption and global environmental impact during the decommissioning phase.  We also examine specific areas for cable improvement, the objective being to produce equipment article concludes by identifying a number of promising R&D topics for the future.

2.4.3 Summary of Work on PVC Cables

The work carried out at the University of Surrey indicated that the use of PVC in outer jacket material for copper cables resulted in a higher overall impact than copper cables with a LS0H sheath, however, the difference was very marginal. Separation, recycling and re-use of end-of-life polymer material showed a more significant reduction of impacts. Little further information is available from the abstracts of the other work carried out in this area, since no results are discussed. Analysis of the full papers is therefore required.

2.5 LCA Studies into Polyvinyl Chloride Pipe Applications

Eco-indicator 99 as a tool for environmentally acceptable design of plastic products, Krystyna Czaplicka et al (written in Polish)

Abstract

The rules of application Eco-indicator 99 as a useful tool for ecodesigning plastic products, taking into consideration their use and possible recycling, are presented.  Ecological effects related to plastic pipes made from polyvinyl chloride (PVC) and polyethylene (PE) were been compared. The analysis of environmental impact connected with different types of pipes utilisation is described. The calculations were made with the help of the computer program SimaPro 4.0 (Pre Consultants B.V.).  Ecodesigning with Eco-indicator 99 can be efficient tools of limiting negative influence of the plastic product on the environment.

Environmental Life Cycle Assessment of Gas Distribution Systems, J.B.W. Wikkerink et al

Abstract

Environmental aspects tend to be increasingly important in designing gas distribution systems and in selecting gas distribution materials. Therefore the environmental aspects of various materials options for gas distribution networks were analysed by means of a quantitative life cycle assessment. This paper describes the methodology used and presents the quantitative end results to indicate the potential environmental effects caused by the various materials options. In general, substantial differences are found between the individual piping systems analysed in this study. No piping system, however, can be said to score significantly better or worse on all environmental themes, relative to the other systems analysed. Under the assumptions made, it turns out that, in general, the metal systems give higher scores than the plastics ones. Especially polyvinyl chloride scores low. Gas leakages during the period of ‘use’ of the piping system turned out to have an important and direct effect on two of the environmental themes analysed.

Environmental life cycle assessment of gas distribution systems, J.B.W. Wikkerink et al

Abstract

Environmental aspects tend to be increasingly important in designing gas distribution systems and in selecting gas distribution materials.  Therefore the environmental aspects of various materials options for gas distribution networks were analysed by means of a life cycle assessment.  This paper describes the methodology used and presents provisional results to indicate the potential environmental effects caused by the various materials options.  In general, fairly small differences were found between the individual networks analysed in this study.  Over the full life cycle, gas leakages in the user stage might turn out to be a major element in the environmental profile.

Eco-balances for the production of pipes for drains and sewers, E. Specht et al (Journal written in English/German)

Abstract

Eco-balances were performed for sewage pipings of nominal widths of 100-500 mm made from various materials, such as vitrified clay, concrete, reinforced concrete (also with corrosion protection), cast iron, high d. polyethylene, and polyvinyl chloride.  Specific energy consumption, CO2, NOx, SO2, and HF emissions, and amt. of arising wastes during manufacturing. ab initio, including sealings, were taken into account.
2.5.1 Summary of Work on PVC Pipes

The earlier work by Wikkerink38 concluded that in general there were fairly small differences between the systems studied which compared metal and polymer pipe systems. Later work by the same researchers37 found that indeed metal and polymer gas distribution systems did differ significantly. All polymers were noted as having a lower environmental impact compared to the metals studied. In addition, the impact of PVC was particularly low. These results were in line with those discussed earlier from the report commissioned by the DETR in 200112. Little information was ascertained from the other abstracts and the full abstract is therefore required.

2.6 LCA Studies into PVC Windscreen Interlayer Applications

Assessment of Materials and Process Options within Cascaded Systems: A Case Study, Elizabeth Williams et al

Abstract

Life cycle product design (LCPD) methods utilise life cycle thinking by evaluating the environmental effects of a product from cradle to grave. This paper introduces a new LCPD methodology based on an integrated chain management approach, which aids material selection and product design. It allows cascades of product use to be identified and modelled explicitly in relation to technical, environmental and economic requirements. A case study which compares polymer materials used for laminated car windshield applications are discussed in this paper. The performance of the current design using a polyvinyl butyral (PVB) interlayer is compared with three alternatives; polyvinyl chloride (PVC), polyurethane (PU) and ethylene vinyl acetate (EVA). Solutions are identified which are optimal with respect to environmental, economic and technical criteria. The potential for each of the polymers to be involved in material cascades of different uses is also explored.

Laminated Glass Windscreen Recycling, Elizabeth Williams et al

Abstract

The glass and plastic from laminated glass from both building demolition and end-of-life vehicles can be efficiently separated and the glass re-melted. However there is a growing mountain of plastic waste and no known secondary application for the existing laminate material. This paper looks at options for interlayer material selection that will facilitate an environmentally sound resolution of this problem.

Material and Process Selection Methodology: A Case Study of Laminated Car Windscreen, Elizabeth Williams et al

Abstract

Life cycle assessment (LCA) and life cycle product design (LCPD) are tools which enable LCA practitioners assess the impacts of a product from 'cradle to grave'. They also help identify areas for improvements to reduce the impacts on the environment.  A new LCPD methodology has been developed and is presented in this paper. The methodology allows evaluation of environmental impacts and assessment of economic and technical performance of a product or process subject to legislative and other constraints. Also built into the methodology is the ability to model cascades of recovered and reused material flows. The new methodology also enables consideration of multiple decision-criteria for material and process selection.  In this paper, the methodology has been applied to a case study of four different interlayer polymer materials used in laminated car windscreens. Preliminary results, which consider the environmental impacts of the cradle-to-gate-system, are presented and discussed. Future work will address optimisation of environmental, economic and technical criteria for materials and process selection.

2.6.1 Summary of Work on PVC Windscreen Interlayers

The results of the work on windscreen interlayers highlighted that it is difficult to clearly identify one particular polymer interlayer that has a higher impact. It was found that PVC, PVB and PU have the greatest impact in one or more of the impact categories when compared to the other interlayers. However, the impact associated with the polymer interlayer was only marginal when compared with the impact of the glass during the products first life cycle. An economic evaluation of the different interlayers showed that PVC presented the least expensive option. Cascaded use of the polymer material in a secondary application was also considered by Williams et al40,41,42. The avoided burdens associated with the use of recycled PVC in appropriate applications indicated that the use of this material does have benefits over the existing interlayer material.

2.7 LCA Studies into Polyvinyl Chloride Packaging Applications

Comparison of environmental influences of plastic and other packaging materials with life cycle analyses, Gezane Odor et al (written in Hungarian)

Abstract

A review with 13 references.  It was revealed in life cycle analyses that the transport distance and in the case of many-routes-packagings the number of circulations is of decisive importance in ecological aspects, because in most cases the transportation on public roads causes the greatest environmental loading.  According to Norwegian data among the investigated milk packing materials the PE bag is the most advantageous in respect to environment protection.  American analyses showed that packing materials based on PVC require less complex energy and less petroleum-based raw material and at the same time it discharges less gas producing greenhouse effects than the majority of materials for similar purposes.

Optimisation of packaging: selecting packaging on the basis of an overall balance, Christian Kohlert ( written in German)

Abstract

PVC, polyethylene, polypropylene, poly(ethylene terephthalate), and high-impact polystyrene were examined in terms of properties, ecological considerations, and cost for their suitability as packaging materials.

Comparison of eco-balances for packaging materials, Helmut Jenne (written in German)

Abstract

Plastic packaging materials have a favourable ecological balance when compared with conventional packaging materials.  The recycling of plastics is achieved with especially low energy requirements and therefore leads to an especially favourable ecological balance.  Ecological balances, e.g., energy equivalent and critical air and water vol., for the 3 most important plastics, i.e., polypropylene, high-impact polystyrene, and PVC, used in the packaging industry were tabulated and discussed.

Plastics and the environment: an ecological comparison of packaging materials, Helmut Jenne (written in German)

Abstract

Energy use and air and water pollution implications are detected for polypropylene, high-impact polystyrene, PVC, polyethylene, polystyrene, Al foil, and paper in regard to their use as packaging materials.

Plastics and the environmental complex. Bakker et al

Abstract

A discussion on the effect of plastics, e.g. polyethylene, PVC, and polystyrene, in comparison with paper, glass, and crockery, on raw material and energy consumption and environmental impact is given.  Efforts must be directed towards optimum design with the object of saving materials and increasing durability.

2.7.1 Summary of Work on PVC Packaging

The results of the single life cycle packaging studies indicated that plastic packaging is preferable to conventional packaging such as paper and glass. Of the polymers studied PVC was found to be preferable to polyethylene, for example, due to the reduction in petroleum feedstocks required in its production. However, all the papers found concerning LCA of PVC packaging were quite dated (1995 or earlier) and therefore none would have followed the current ISO guidelines.

2.8 LCA Studies into Polyvinyl Chloride in the Textile Industry

Environmental consequences of using flame retardant textiles - a simple life cycle analytical model, A. Horrocks et al

Abstract

A series of commonly used flame retardant fibres and textiles (cotton, wool, rayon, polyester, modacrylic, PP, PVC, aramid, novoloid, oxidized acrylic fibres) was audited on its environmental impacts according to a previously published life cycle analysis modelling.  The life cycle stages fibre production, textile processing, flame retardant production/application, coloration, end-use, aftercare, and disposal were evaluated by a ranking procedure for each fibre and textile (scales of 0-5 for increasing environmental damage or impact).  An environmental index was expressed as the sum of the individual rankings of each stage.

2.9 LCA Studies into Polyvinyl Chloride in the Automotive Industry

PVC plastisols. Problem solvers in the automotive industry, H. Krahling et al (written in German)

Abstract

Ecobalance calculations confirm the competitiveness of PVC plastisols for automotive underbody coatings when ecological criteria are considered as e.g. energy consumption or global warming potential.  The consideration of risk potentials during production, processing, use, and waste management reveal that PVC underbody systems and their alternatives have not shown special problems up to now.  The residual components of automotive under-body coatings are safely controlled with regard to metal recycling and conversion of the light shredder residues.

2.9.1 Summary of Work on PVC in the Automotive Industry

Only one study was found concerning PVC in this industry and the abstract of the work states that PVC does not present any ecological problems. However further work in this particular application is required.

2.10 LCA Studies into PVC Production (Cradle to Gate Analyses)

Life cycle assessment of several typical macromolecular materials, Hong Chen et al (written in Chinese)

Abstract

A life cycle assessment was carried out to discuss the environmental impacts of four types of polymers: PE, PP, PS , PVC.  The research indicated that the environmental impacts of these materials were not only related to resource consumption but also to production techniques.  Several different impact assessment methods were adopted to analyse the environmental impacts of the four types of polymers.  The results showed that the absolute value of environmental load was different with different methods, but the ranking of environmental load for different materials was almost uniform.

Ecological aspects of PVC: An objective analysis, H. Reinecke, (written in Spanish)

Abstract

Polyvinyl Chloride (PVC) is today one of the most important polymers in plastics processing industry.  However, despite of its advantages and properties, this polymer has been centre of debate during many years, because of its environmental impact.  In order to reach an objective point of view and evaluation on this polymer in countries of European Community, it was created a commission to study the effects of PVC on the environment, taking into account the whole life cycle of this polymer.  The results of this study were published in The Green Paper On Environmental issues of PVC.  The most relevant conclusions of this evaluation are presented here in this article.

Life cycle inventory analysis of CO2 emissions manufacturing commodity plastics in Japan, N. Narita et al

Abstract

The goal of this study was to calculate the average CO2 emissions for manufacturing three commodity plastics, polyethylene (PE), polypropylene (PP), and polyvinyl chloride (PVC) in Japan. The CO2 emissions were calculated from cradle to gate, excluding the calcination processes after use. The following was observed: 1) The gross CO2 emissions for the manufacture of plastics in Japan were 1.3, 1.4, and 1.7 kg- CO2/kg-PE, PP, and PVC, respectively. These mainly reflected the difference of CO2 emissions for the in-house electricity generation. 2) The CO2 emissions for the electricity used for manufacturing PVC were higher than that used for PE and PP, because additional electricity was required for the electrolysis to produce chlorine. The gross electricity consumption for manufacturing PVC was 1.3 kWh/kg- PVC, and the other plastics consumed 0.5 kWh/kg-Products. In addition, the effects of energy saving were studied using a projected gas-diffusion electrode for the electrolysis of salt on the reduction of CO2 emissions. It was estimated that the reduction in CO2 emissions was 7% compared with the present PVC manufacturing processes.

Life cycle inventory analysis of CO2 emission from the manufacturing of polyvinyl chloride resins, N. Narita et al

This work is likely to be the original work subsequently published in the International Journal of LCA in 2002 (see above)

Abstract

Plastics are indispensable materials for life cycle assessment (LCA), because they are as important basic raw materials as steel with its variety of applications including automobile and electrical/electronic equipment.  The LCA is also useful for evaluating the validity of recycling of plastics.  In this paper, the amount of CO2 emission from the production of Polyvinyl chloride resins (PVC) was calculated by using the LCA methodology.  The energy structure such as in-house electrical power generation in the industries associated with the production of PVC was analysed.  The analysis of life cycle inventory (LCI) has been conducted under various scenarios based on the trading extent of the processes related to PVC production., and as a result, the following have been observed.  (1) The gross CO2 emission from the production of PVC varied in the range of 1.5-2.0 kg-CO2/kg-PVC, reflecting the difference in the unit value of CO2 emission attributable to in-house electrical power generation in each of the industries related to PVC production.  (2) The gross electricity consumption of PVC production was as high as 1.30 kWh/ kg-PVC, and the CO2 emission attributable to the power generation was 63-72% of the total CO2 emission, while chlorine production consumed 0.73 kWh/kg-PVC.  (3) It was necessary to evaluate the average amount of CO2 emission from the production of PVC in Japan based on the energy structure of the industries related to PVC production.  Moreover, the amount of CO2 emission is greatly influenced by the allocation methodology for electrolysis of NaCl.  Also, the effect of reduction on the CO2 emission of the projected gas diffusion electrode for energy saving was discussed by means of quantitative LCI analysis.

Holistic approach to environmental issues in process development and design, P-M Choong et al

Abstract

This paper presents a methodology that uses a risk-based approach and life-cycle principles to incorporate environmental considerations into process design and development. Using a risk assessment model, a framework has been developed to assess the risk of harm that the process poses to the environment and conversely, the sensitivity of the process to environmentally related issues. A set of criteria has been introduced within the framework to select design tools and techniques applicable to the different stages of process design and development. By considering the life-cycle of the process and the relevant stakeholders, a holistic treatment is given to the risk assessment - which differentiates this methodology from traditional risk assessment approaches. Integrating such a risk approach to the design and development activity enables risk assessment to be used proactively in contrast to its typical audit function. The methodology is illustrated with a simplified example of a PVC process case study.

BorsodChem is for the best available technology [in PVC], Janos Csutak et al (written in Hungarian)

Abstract

In order to judge PVC in a fair and objective way, it is important to give correct information on the PVC life cycle, its production process, the feedstock materials, and application and reprocessing alternatives as well as PVC in terms of environmental issues.  This article gives a summary on all those efforts made by Borsod Chem Rt. to improve safety of production and applications so that PVC could become a "green" plastic material.

Eco-profiles of the European Plastics Industry, Polyvinylchloride, Ian Boustead

Preface

This report, one of a series of eco-profiles for commodity and speciality thermoplastics, is the result of an on-going programme of eco-balance research begun by the Association of Plastics Manufacturers in Europe (APME) in 1990.

The work is a demonstration of the commitment to improving the environmental impact of polymer processes, from extraction of oil to granulate or polymer compound - the area of interest to APME and ECVM members – as well as the performance of plastics end products. 

Eco-profiles are building blocks within eco-balance studies, providing data on defined processes. They take into account material and energy inputs and outputs in the form of emissions to land, air and water. They are not life-cycle studies in their own right, but provide the raw data on which such studies can be based.

A panel of experts engaged by APME developed a methodology for collecting inventory data on the manufacture of commodity thermoplastics up to the granule stage. This methodology has been applied to the production processes of our member companies by their own eco-balance specialists and the data generated supplied to the experts for collation, analysis and presentation in these reports. The eco-profile detailed here is the result of research conducted

by a technical committee of ECVM.

The APME's eco-profiles are intended to serve two main purposes. First, they provide member companies with information, which will highlight potential areas for improving manufacturing processes. It is envisaged that the data will indicate where production standards can be raised, so maximising resources and minimising waste. Secondly, they provide valuable inventory data for downstream users of plastics, such as packaging manufacturers, who will be able to produce their own life-cycle assessments of individual products.

Life Cycle Inventories for Packagings, Vol I & II, SAEFL

Abstract

Not available

2.11 LCA Studies with a Focus on PVC Additives

Strength expression of chlorella-plastic composite and its LCA, T. Otsuki et all

Abstract

The purpose is to elucidate strength expression mechanism of Chlorella-polyvinyl chloride (PVC) composite, and Chlorella-high density polyethylene (HDPE) composite.  In the former, the tensile strength decreased as the Chlorella content increased, and the experimental results matched well the theoretical curve up to 20 wt.% of Chlorella content. The latter showed lower strength than the former because hydrophobic HDPE molecule could not react sufficiently with hydrophilic Chlorella grains. The tensile strength of Chlorella-HDPE composite was improved significantly by chemical modification of HDPE surface from hydrophobic to hydrophilic with maleic anhydride (MA) and benzoyl peroxide (BPO).  The Life Cycle Assessment (LCA) for the Chlorella-PVC composite showed that 1.85 x 104 t-C/y could be cut down when Chlorella was used as substitute of plasticizer, di-2-ethylhexyl phthalate (DEHP), at the Chlorella production rate 1.74 x 104 t-dried algae/y from a photo-biological CO2 fixation system with site area of about 2 km2.  The researchers succeeded in making practicable sample of floor tile using Chlorella-PVC composite and Chlorella-HDPE composite, which could be ecofriendly building materials.

2.12 LCA Studies Focusing on End of Life

Analysis of technical and environmental parameters for waste-to-energy and recycling: household waste case study, S. Wenisch et al

Abstract

The treatment of household waste in a waste-to-energy conversion process is described.  Tech. and environmental implications of waste pre-sorting that may affect the treatment process are discussed.  A life cycle assessment was done.  The scope of this study encompassed material recycling, incineration of household waste, treatment of flue gases, energy recovery, recycling of bottom ash, treatment of fly ash and final disposal of waste. Material recycling leads to an improvement of the working conditions with respect to the incinerator.  However, material recycling decreases energy recovery necessitating the use of additional boilers to meet the initial energy demand.  The related impacts tend to offset the environmental benefits derived by the waste recycling itself.  The life cycle approach identified aspects in the process that can be improved.

Quantitative Assessment of Solid Waste Treatment Systems in the Industrial Ecology Perspective by Exergy Analysis, J.P. Dewulf et al

Abstract

Solid waste treatment options (recycling, incineration, and landfilling; the two latter processes both with co-generation of heat and electricity) have been studied for cardboard, newspaper, polyethylene, poly(ethylene terephthalate), polypropylene, polystyrene, and poly(vinyl chloride) waste.  The conversion processes have been analysed in terms of the second law of thermodynamics.  The analysis allows calculating the exergy (useful energy) embodied in conversion products that can be obtained from the required inputs for the treatment processes.  Taking into account the waste materials and the resources to convert them, it proved that recycling is the most efficient option for polyethylene, with an efficiency of 62.5% vs. 43.6% for incineration and 0.9% for landfilling.  Next, waste treatment has been put into the broader perspective of industrial ecology.  Exergetic efficiencies of industrial metabolic options have been calculated.  Here, resources for manufacturing and converting solid products have been considered.  Furthermore, selection of one type of conversion excludes the generation of other potential conversion products.  Therefore, it has to be taken into account that these latter products still have to be produced starting from virgin resources.  Recycling proved to be the most efficient strategy: the ratio  between exergy embodied in all delivered products on one hand, and all exergy withdrawn from the ecosphere or from waste materials on the other hand, is the highest.  For polyethylene,  proved to be 0.568, whereas  is 0.503 and 0.329 for incineration and landfilling, respectively.  On the other hand, if R, the ratio between exergy of delivered products on one hand and exergy of virgin materials on the other hand, is calculated, the differences between the industrial metabolic options are larger.  Recycling polyethylene showed a ratio R of 0.936, whereas ratios of 0.772 and 0.531 were found for incineration and landfilling, respectively.  It has been shown that the exergy concept allows a quantitative comparison of different industrial metabolic options, contributing to a better assessment of sustainability of technologies with respect to resource management.

Life cycle inventory of PVC: Disposal options for a PVC monitor housing, Anne Brinkley et al

Abstract

IBM is evaluating the environmental burdens associated with the use of polyvinyl chloride (PVC) in major structural parts for information technology equipment. The evaluation involves developing life cycle inventories of the following four Stages: I) production of PVC from raw materials, II) PVC compounding, III) moulding, finishing (for electromagnetic compatibility (EMC) and decorative appearance) and IV) the end-of-life disposal options. This paper presents a study of the life cycle inventories of the end-of-life disposal options of Stage IV. The work compares landfilling, incineration with heat recovery, and an experimental closed loop PVC recycling process implemented by IBM in conjunction with its cathode ray tube (CRT) recycling process. Sensitivity and scenario analyses were used to test the influence of key parameters in each disposal system. This study demonstrates the utility of life cycle assessment for decision-making on waste management alternatives and defines criteria that constitute an environmentally positive profile for a closed-loop recycling process for business machine applications.

Materials and Products from UK-sourced PVC-rich Waste, WRAP

Abstract

An LCA comparison conducted for this project by PE Europe concluded that landfill has the greatest environmental impact while mechanical recycling by either mechanical separation or the Vinyloop process have the lowest, primarily because high grade recyclates produced can substitute virgin material in new products. From the point of view of environmental impact feedstock recycling is a better option than landfill but not as good as mechanical separation.

2.12.1 Summary of PVC End of Life LCAs

Much of the LCA into End of Life options for polymer waste compared the options of recycling, incineration and landfill. Where the polymer waste was considered within a framework including other municipal waste as part of an integrated waste management system it was concluded that removal of the polymer for recycling reduced the energy recovery potential. Consequently additional fuels were required, the impact of which offset the benefits of recycling. However, when the focus was on polymer waste within closed-systems the benefits of recycling over incineration and landfill became apparent. 

2.13 The LCA Methodology

Life cycle assessment: Part 1: Framework, goal and scope definition, inventory analysis, and applications, G. Rebitzer et al

Abstract

Sustainable development requires methods and tools to measure and compare the environmental impacts of human activities for the provision of goods and services (both of which are summarized under the term "products"). Environmental impacts include those from emissions into the environment and through the consumption of resources, as well as other interventions (e.g., land use) associated with providing products that occur when extracting resources, producing materials, manufacturing the products, during consumption/use, and at the products' end-of-life (collection/sorting, reuse, recycling, waste disposal). These emissions and consumptions contribute to a wide range of impacts, such as climate change, stratospheric ozone depletion, tropospheric ozone (smog) creation, eutrophication, acidification, toxicological stress on human health and ecosystems, the depletion of resources, water use, land use, and noise—among others. A clear need, therefore, exists to be proactive and to provide complimentary insights, apart from current regulatory practices, to help reduce such impacts. Practitioners and researchers from many domains come together in life cycle assessment (LCA) to calculate indicators of the aforementioned potential environmental impacts that are linked to products—supporting the identification of opportunities for pollution prevention and reductions in resource consumption while taking the entire product life cycle into consideration. This paper, part 1 in a series of two, introduces the LCA framework and procedure, outlines how to define and model a product's life cycle, and provides an overview of available methods and tools for tabulating and compiling associated emissions and resource consumption data in a life cycle inventory (LCI). It also discusses the application of LCA in industry and policy making. The second paper, by Pennington et al. (Environ. Int. 2003, in press), highlights the key features, summarises available approaches, and outlines the key challenges of assessing the aforementioned inventory data in terms of contributions to environmental impacts (life cycle impact assessment, LCIA). 

Life cycle assessment Part 2: Current impact assessment practice, D. W. Pennington et al

Abstract

Providing our society with goods and services contributes to a wide range of environmental impacts. Waste generation, emissions and the consumption of resources occur at many stages in a product's life cycle—from raw material extraction, energy acquisition, production and manufacturing, use, reuse, recycling, through to ultimate disposal. These all contribute to impacts such as climate change, stratospheric ozone depletion, photooxidant formation (smog), eutrophication, acidification, toxicological stress on human health and ecosystems, the depletion of resources and noise—among others. The need exists to address these product-related contributions more holistically and in an integrated manner, providing complimentary insights to those of regulatory/process-oriented methodologies. A previous article (Part 1, Rebitzer et al., 2004) outlined how to define and model a product's life cycle in current practice, as well as the methods and tools that are available for compiling the associated waste, emissions and resource consumption data into a life cycle inventory. This article highlights how practitioners and researchers from many domains have come together to provide indicators for the different impacts attributable to products in the life cycle impact assessment (LCIA) phase of life cycle assessment (LCA)

Life cycle assessment of energy from solid waste—part 1: general methodology and results, Göran Finnveden et al

Abstract

The overall goal of the present study is to evaluate different strategies for treatment of solid waste in Sweden based on a life cycle perspective. Important goals are to identify advantages and disadvantages of different methods for treatment of solid waste, and to identify critical factors in the systems, including the background systems, which may significantly influence the results. Included in the study are landfilling, incineration, recycling, digestion and composting. The waste fractions considered are the combustible and recyclable or compostable fractions of municipal solid waste. The methodology used is life cycle assessment (LCA). The results can be used for policy decisions as well as strategic decisions on waste management systems. A waste hierarchy suggesting the environmental preference of recycling over incineration over landfilling is often put forward and used in waste policy making. LCAs can be used to test the waste hierarchy and identify situations where the hierarchy is not valid. Our results indicate that the waste hierarchy is valid as a rule of thumb. The results also suggest that a policy promoting recycling of paper and plastic materials, preferably combined with policies promoting the use of plastics replacing plastics made from virgin materials, leads to decreased use of total energy and emissions of gases contributing to global warming. If the waste can replace oil or coal as energy sources, and neither biofuels nor natural gas are alternatives, a policy promoting incineration of paper materials may be successful in reducing emissions of greenhouse gases.

Economic assessment of municipal waste management systems—case studies using a combination of life cycle assessment (LCA) and life cycle costing (LCC), Marcus Carlsson Reich

Abstract

This paper examines some possibilities and limitations of linking economic information to an life cycle assessment, LCA, when studying municipal waste management systems. A terminology and methodology for economic assessment of municipal waste management systems is proposed and tested through a case study. The methodology consists of a financial LCC, life cycle costing, (which is used in parallel with an LCA) and an environmental LCC (functioning as a consecutive, weighting tool). In the case study, the financial LCC covers all the costs incurred by the extended waste management system, as though the LCA system was a single economic actor. The environmental LCC uses three different weighting methods to monetarise environmental effects such as emissions and resource use. As both LCCs use the same unit of account, they can easily be added together to a welfare economic tool. This step-by-step aggregation leads to a transparent, reproducible analysis method. A conclusion is that the methodology facilitates the analysis, but that problems remain as municipal waste management often diverge from existing economic systems

A proposed tool to integrate environmental and economical assessments of products, D. Kumaran et al

Abstract

An attempt has been made to interpret the outcomes of a Life Cycle Assessment (LCA) in terms of environmental costs. This attempt ensures the environmental accountability of the products while LCA ensures their eco-friendly nature. Keeping this as an objective, a Life Cycle Environmental Cost Analysis (LCECA) model was developed. This new tool incorporates costing into the LCA practice. This model prescribes a life cycle environmental cost model to estimate and correlate the effects of these costs in all the life cycle stages of the product. The newly developed categories of eco-costs are: costs of effluent treatment/control/disposal, environmental management systems, eco-taxes, rehabilitation, energy and savings of recycling and reuse strategies. The mathematical model of LCECA determines quantitative expressions between the total cost of products and the various eco-costs. The eco-costs of the alternatives are compared with the computational LCECA model. This method enables the environmental as well as the economic assessment of products, which leads to cost-effective, eco-friendly design of products.

Strategic sustainable development — selection, design and synergies of applied tools, K. -H. Robèrt et al

Abstract

The number of tools and approaches to develop sustainability is growing rapidly. Sometimes they are presented as if they are contradictory or in competition. However, a systems approach consistent with basic principles and the requirements of sustainability shows that these tools are complementary and can be used in parallel for strategic sustainable development. In fact, it is only when using these approaches outside of the systemic context of sustainability that they become contradictory. This paper is a collective effort of scientists who have pioneered some of these tools and approaches.

The paper maps essential elements for developing sustainability and documents how these elements relate to the application of the respective tools. The objective is to show how these tools and approaches relate to each other and build on each other when used for planning for sustainability

A mathematical model and decision-support framework for material recovery, recycling and cascaded use, Warren Mellor et al

Abstract

To achieve more than incremental reductions in resource consumption and waste, it will be necessary to develop new approaches to the systematic use and re-use of materials in the kind of system termed an "industrial ecology". This paper presents a new methodology—CHAin Management of Materials and Products (CHAMP)—developed for modelling the flow of materials through a succession of uses with different performance requirements. Although developed specifically for polymers, the CHAMP approach is also applicable to other materials and products. Materials are characterised by a set of technical performance parameters, termed utilities. Geographical location is also treated as a utility to enable logistics—both distribution of products and collection of used products or waste—to be incorporated within the same modelling framework. Processing, transport and use are treated as activities through which a material can pass. The costs and environmental impacts of activities are included in the modelling framework, and are assessed on a life cycle basis by considering the complete supply chain of materials and energy used by each activity. The methodology includes acceptance criteria which determine whether a material is suitable for specific uses or activities. These criteria are applied within the model to guide selection of materials for specific applications and of successive uses for specific materials. A simple example of the CHAMP approach is given, to illustrate the kinds of problem to which it has been applied.

2.14 The LCA Methodology and PVC

Uncertainty in life cycle impact assessment of toxic releases. Practical experiences - arguments for a reductionalistic approach? Impact assessment of toxic releases in a substance flow analysis for PVC in Sweden, Arnold Tukker

Abstract

This paper describes the experience with impact assessment of toxic releases in a Substance Flow Analysis (SFA) for PVC in Sweden.  For this system, all emissions related to the PVC-chain were inventoried.  They have been evaluated making use of the Life Cycle Impact Assessment (LCIA) step from the CML-guide, including the new toxicity equivalency factors calculated with the Uniform System for Evaluation of Substances (USES).  The application of this method led to the conclusion that LCA Impact Assessment of toxic releases is still a major bottleneck: the USES-equivalency factors are not to be trusted due to outdated data, inappropriate defaults, etc. in the USES' substance properties database.  Therefore, a second USES-set of factors was calculated that differed up by a factor of 1,000 or more from the old ones.  Even these factors probably suffer from unacceptably high uncertainties.  In conclusion, we warn the LCA community not to overestimate the possibility of LCA Impact Assessment to obtain a meaningful priority setting with regard to toxicity problems.  Instead, we propose developing indicator systems for LCIA of toxic releases that genuinely deal with all relevant types of uncertainty: data uncertainty, modelling uncertainty and particularly paradigmatic uncertainty.

Combining SFA and LCA: The Swedish PVC Analysis, Arnold Tukker et all

Abstract

This article describes a method that combines substance flow analysis (SFA) and life-cycle assessment (LCA). It was used to provide a focus in the heated Swedish PVC-debate. For Sweden's PVC chain, all emissions related to PVC were inventoried and translated into LCA-theme scores. The theme scores were compared with total theme scores for all Swedish processes and were benchmarked on the basis of PVC's contribution to Sweden's gross national product (GNP). Mass flows of two PVC additives, lead and organotin, were compared with the total use of these metals in Sweden. PVC's contribution to global warming, smog formation, and waste volume was equal to or less than the benchmark. After implementation of planned measures, emissions of the toxic substances dioxins, mercury, and lead will be below the benchmark. We recommend that the Swedish PVC debate concentrate on the uncertainties of the effects of phthalates, small process emissions of persistent chlorinated substances (PBTs), lead and organotin in landfilled PVC, and emissions from PVC in accidental fire.

The Influence of Inventory Data Sets on Life Cycle Assessment Results: A Case Study on PVC, Eric Copius Peereboom et al

Abstract

This study compared six widely used European life-cycle assessment (LCA) inventory data sets, identified those data elements that introduce major differences, and determined the influence of these data elements for a cradle-to-gate LCA of polyvinyl chloride (PVC).  Large differences in data (10-1100%) were found.  Data on substances with recognised high environmental impact and easily determined emissions and environmental impacts, like those related to energy, show the least differences.  Process-specific emissions show larger differences.  Substantially more substances emitted to air than to water or soil are reported, and differences between the values are few.  Furthermore, various inventory data sets do not always cover the same substances.  Often, individual substances, such as specific (chlorinated) hydrocarbons and metals, are collectively categorised rather than individually reported.  Specific data elements of the inventory causing many differences were geographical, temporal, and technological representativeness; categorisation of substances; naming of substance categories; use of different category definitions; system boundaries; and allocation method.  The influence of these differences on LCA results, determined through sensitivity analysis, was significant, typically 10-100%.  Results emphasise the importance of appropriate and explicitly described data sets and the necessity of sensitivity analyses.  Results also show the need for a regularly updated and openly available database with high quality data.  The availability of such a database would improve the reliability of LCA and thereby stimulate its application.

3 Review of Environmental Issues Associated with PVC

3.1 Environmental Issues Concerning PVC

Several papers have been published which look at the broad issue of PVC and the environment. Some of those that have been published within the last decade are given in the following pages.

European Commission Green Paper – Environmental Issues of PVC

Introduction

PVC has been at the centre of a controversial debate during much of the last decades. A number of diverging scientific, technical and economic opinions have been expressed on the question of PVC and its effects on human health and the environment. Some Member States have recommended or adopted measures related to specific aspects of the PVC life cycle. These measures are not identical and some of them may have consequences for the internal market. An integrated approach is therefore necessary to assess the whole life cycle of PVC in order to develop the necessary measures to ensure a high level of protection of human health and the environment as well as the proper functioning of the internal market.

The two objectives of this document are, firstly, to present and assess on a scientific basis, the various environmental issues including related human health aspects that occur during the life cycle of PVC and, secondly, to consider, in view of sustainable development, a number of options to reduce those impacts that need to be addressed. This should serve as a basis for a consultation with stakeholders in order to identify practical solutions to health and environmental issues raised by PVC.

A Discussion of Some of the Scientific Issues Concerning the Use of PVC, CSIRO

Executive Summary

This study updates the principal conclusions of the CSIRO’s June 1998 report “The environmental aspects of the use of PVC in building products – second edition”. The issues identified in that report were the use of phthalates in plasticised PVC and their possible health and environmental effects, the fate of heavy metal-based heat stabilisers, PVC and its relation to fire and toxic emissions when combusted, the potential for recycling of PVC building products, and the appropriateness of alternatives to PVC in its building product applications.

The effects on human health and the environment from the release of phthalates present in plasticised PVC products have been the subject of much controversy. However, conclusive scientific evidence supporting the assertion that the most commonly used phthalates (DEHP and DINP) present a danger to humans is lacking. The perceived potential regarding the possibility that the toxicity of some phthalates may be the result of endocrine disruption is the principal cause for concern over phthalates, however there is a general lack of relevant information concerning possible adverse effects of endocrine disrupting chemicals on humans at environmental exposure levels.

The fate of the heavy metal-based thermal stabilisers used in PVC products has been the subject of recent investigations. In the case of the most commonly used stabiliser, lead compounds, the concerns relating to extraction are overstated. It has been found that the stabilisers are held within the PVC matrix and only limited, initial losses from the surface occur. Under landfill conditions the stabiliser loss is still slow and minor compared to other sources of lead in the environment. Likewise, the contribution made by PVC to the release of heavy metals into the environment as a result of building fires can be considered minor due to the rare occurrence of these events.

The behaviour of PVC during building fires has been the subject of much debate. Rigid PVC is inherently flame retardant, but plasticised PVC often requires flame retardant additives, most often metal hydrates and chloroparaffins, to reduce the fire hazard. Compared to its common plastic alternatives PVC products perform better in terms of lower combustibility, flammability, flame propagation, and heat release. However, in terms of smoke density and the release of corrosive gases, PVC performs poorly. The contribution made by PVC to the emissions of dioxin appears to be insignificant compared to other sources.

Even though waste PVC building products are suitable for recycling efforts have been low scale compared to other consumer plastics recycling programs.

There are alternatives to PVC in all building and construction applications. Nevertheless, the balance of available evidence indicates that PVC in its building and construction applications has no more effect on the environment than its alternatives.

It can be concluded from the evidence cited in this and the preceding reports that the possible adverse human health and environmental effects of using PVC in building products is not greater than those of other materials. However, there are several aspects which require additional study because the evidence is either unavailable, inconclusive or contradictory. Significant efforts are currently underway internationally to attempt to clarify some of the issues surrounding the use of PVC. These include the health and environmental effects of the phthalate plasticisers used in flexible PVC, the ultimate fate of the heavy metals used as heat stabilisers, and the toxicity of the emissions from accidental fires involving PVC.

Some concepts of properties of poly(vinyl chloride) and materials made of PVC, A.V. Seleznev (written in Russian)
. 

Abstract

A review with references.  Based on published data it was shown that PVC and PVC-based materials, contrary to previously expressed claims about their harmfulness, are characterised by high resistance to external agents and low toxicity.  PVC-materials have long service life without decreasing their performance parameters.  For PVC and PVC-based materials, there are developed effective methods of utilisation and recycling.  Published data indicate that formation of dioxins during combustion of waste plastics is not directly correlated with the presence of waste PVC.

Fire performance of poly(vinyl chloride), Maria Obloj-Muzaj (written in Polish)

Abstract

The behaviour of PVC on fire is reviewed with 15 references.  Smoke toxicity involving that of CO, HCl and dioxins and evolution of heat and its connection with survival are discussed.  The Reports of the German Commissions set up by the Government of North Rhine-Westphalia to study the 1992 Plastics Recycling Plant at Lengerich and the 1996 Dusseldorf Airport fires are summarised.  Most recent studies have shown PVC neither to create nor to increase the hazards for health and life; the low rate of heat release does even increase the time for survival.  The PVC smoke is as toxic as is the smoke of other natural and synthetic materials; it is detected primarily by the carbon oxide content.  Analysis of large fires showed PVC to form insignificant amounts of dioxins; so far, poisoning with dioxins or PAH has never been reported in PVC fires.

Present image of poly(vinyl chloride), Maria Obloj-Muzaj (written in Polish)

Abstract

A review with 23 references, including the properties and applications of PVC; action of VC monomer and its level in PVC powder and PVC final products; PVC behaviour during incineration, esp. degradation products, levels of dioxins; comparison of PVC to other building materials from safety and ecological points of view.  Possibilities of PVC post-utilisation: recycling, feedstock, incineration with energy recovery.  Effect of processing aids on the environment, especially effect of plasticisers and stabilisers.  New possibilities created by new generation of org. stabilisers so called latent mercaptides (very effective, free of heavy metals, activated with ppm amounts of Zn salts).  The state of acceptance of PVC by EU organisations and directives as well as - lately - by German Green Party and German Minister of Environment are discussed.

Environmental impact of polyvinyl chloride and vinyl chloride (PVC/VC). Richard Lawuyi et al
, 

Abstract

A review with many references on poly(vinyl chloride) (PVC), a white powder, and vinyl chloride (VC), a colourless gas, which are man-made chemicals that do not occur naturally, including accidental spills and releases, and environmental and occupational health hazards.  Both PVC and VC occupy a unique status in the sphere of polymer application, and they have both been aptly described as "the giant work horse of the plastic industry.".  Their use has increased immensely ever since their introduction into commerce in the early thirties.  The principal use of VC is in the production of PVC, which is used to manufacture plastics.  The polymer itself is non-volatile, recalcitrant, and practically inert due to lack of chemical and biological activity.  In the absence of stabilisers, PVC is unstable to heat and UV light.  The VC monomer is very reactive and is rapidly oxidised when released.  Many concerns still surround their environmental distribution, fate, and effects.  Both PVC and VC will burn when exposed to intense heat, flame, or strong oxidisers often creating large fires that are sometimes difficult to extinguish.  Vinyl chloride can create explosive situations by generating explosive peroxides on long exposure to air.  Fugitive emission from PVC/VC plants is still a big environmental problem and is being carefully regulated.  Vinyl chloride has been demonstrated as the causal agent of angiosarcoma, liver and blood tumours, bone changes, and reproductive disfunction in human and experimental animals.  PVC dusts have also been shown to cause blood defects, pulmonary damage, abnormal liver function, allergic dermatitis, and tumours in laboratory animals but not in humans.  Most data to date offer no firm conclusion on the toxicological effects of PVC on humans, and more research is needed to assess the fate and effects of this substance.

Shades of environmental friendliness: is vinyl chartreuse or hunter green? Robert H. Burnett

Abstract

The "ecobenefits" (ecological and economic benefits) of poly(vinyl chloride) are discussed, including its high Cl content, which means that the depletion of petroleum reserves are reduced and that its chief constituent is derived from a readily available, highly renewable resource; its non-dependence on mining or timber production.; its long lifespan; its recyclability; and the economy of its transportation.  The manufacturing. process is largely self-contained.  The various uses and advantages of PVC over other materials is also discussed, as well as its fire behaviour and its disposal by incineration.

Is poly(vinyl chloride) a material indispensable also in the future or is it a potential threat to the environment?, Andrzej K Bledzki et al (written in Polish)
.
Abstract

Basing on the results of recent studies concerning mainly the situation in the Federal Republic of Germany, the ecological hazards connected with the processes of PVC manufacturing and processing as well as with the utilisation, disposal or recycling of PVC scrap and waste materials are reviewed with 45 references. The development of new processing aids (stabilisers, plasticisers, pigments) for PVC and the initiatives of the PVC manufacturers and processing companies in the field of the assortment recycling of PVC waste materials as well as administrative and legislative means limiting the permitted levels of emission of noxious substances in the atmosphere were presented.  Much attention was paid to the actual state of investigations concerning the emission of dioxins in the processes of PVC waste combustion.

In search of the philosopher's stone: 25 years of the journey of PVC between the environment and confusion, Rene Charton (written in Italian)
. 

Abstract

The environmental impact of PVC, which is also a leading commodity with multiple applications is discussed.  Carcinogenicity linked to manufacturing., handling, and disposal of PVC; measures aiming at minimising exposure in industry; issues affecting the PVC industry [carcinogenicity, recycling, incineration of urban wastes and dioxin emissions]; and public opinion impact are described.

3.2 Environmental Issues Concerning PVC – Focus on Dioxins

Many of the references given in the previous section looking at the general environmental issues associated with PVC include work on dioxin emissions either from processing, controlled incineration or accidental fires containing PVC. Those references of relevance which have been cited elsewhere are included here and listed below. The titles and abstracts of articles with a more specific focus on dioxins and PVC are subsequently given.

· European Commission Green Paper – Environmental Issues of PVC73
· A Discussion of Some of the Scientific Issues Concerning the Use of PVC, CSIRO74 

· Some concepts of properties of poly(vinyl) chloride and materials made of PVC, A.V. Seleznev75
· Fire performance of poly(vinyl) chloride, Maria Obloj-Muzaj76
· Present image of poly (vinyl chloride), Maria Obloj-Muzaj77
· Is poly (vinyl chloride) a material indespenable also in the future or is it a potential threat to the environment? Andrzej K Beldzki80
· In search of the philospher’s stone: 25 years of the journey of PVC between the environment and confusion, Rene Charton81
· The influence of PVC on the quality and hazardousness of flue gas residues from incineration, Bertin Technologies report184
· Formation of dioxins in thermal degradation of poly (vinyl chloride) based polymer composites, V.T. Lipik185
· Products of incineration of plastics and their impact on the environment, H.B.Patel186
Dioxins are formed from both natural and man-made sources. From man-made sources, the conditions under which a material is incinerated is extremely important for dioxin formation. The EC Green Paper73 noted that “reducing conditions and high temperatures promote the breakdown and prevent the formation of dioxins”. Much of the research on dioxins has centred on if and how the chlorine content of the waste stream influences dioxin levels during waste incineration under different conditions. A number of studies have found that the amount of PVC in the feedstock is significant in determining dioxin levels; other studies have not.  Some work has focussed on whether dioxin formation from chemical manufacture and disposal is significant when compared to total dioxin concentrations in the atmosphere. Many of these studies are given below.

The Relationship between Chlorine in Waste Streams and Dioxin Emissions from Waste Combustion Stacks, Rigo et al

Abstract

This report use existing test data and information to investigate the effect that waste feed chlorine content (especially components like PVC, mixed plastics, and salt) has on PCDD/F concentrations in the gaseous products of combustion at waste combustion facilities. This effort was not intended to: develop emission factors, evaluate control system performance, generate new data, assess PCDD/F and chlorine relationships in liquid effluents or solid residues, evaluate the removal of particulate bound PCDD/F in emission control devices, nor assess other studies addressing this question, except to make sure that relevant data were obtained.

Is there a strong dioxin/chlorine link in commercial scale systems, Rigo et al

Abstract

Extensive laboratory, bench and pilot scale research highlights the role chlorine plays under carefully controlled, high concentration conditions. Commercial data, more than 1,900 tests, however, indicate that there is no strong relationship between chlorine feed and flue gas PCDD/. The majority of the data shows no relationship between PCDD/F and chlorine feed rate or its surrogate uncontrolled HCl leaving the combustion chamber. For every case that displays an increase with chlorine, there is a counter-example. Whatever effect chlorine feed has on PCDD/F concentrations is masked by combustor design and operating factors that are more significant. 

On the mechanisms of dioxin formation in combustion processes, Huang et al
 

Abstract

The experimental observations on dioxin formation from various combustion sources, from detailed incinerator measurements and from laboratory simulation studies including de novo synthesis and precursor formation pathways are discussed in this paper. The de novo synthesis seems to be the dominant mechanism of dioxin formation in actual combustion systems. As de novo synthesis experiments indicate that carbon morphology of certain degenerated graphitic structure is essential for dioxin formation, the morphologies of the particulate emissions from actual combustion sources are examined and it appears that soot particles formed in gas phase combustion reactions consisting of degenerated graphitic structures are the plausible source for de novo synthesis of dioxins. With this understanding dioxin formation in combustion systems is described as a two-stage process: (1) the formation of the graphitic structure of soot particles in the combustion zone; and (2) the conversion of the graphitic structure of soot particles to aromatic compounds including PCDD/Fs in the post combustion zone. New explanations are given for some seemingly unrelated experimental observations including the high dioxin emissions from municipal waste incineration, the low dioxin emissions from coal combustion, the similar dioxin "fingerprint" from all combustion sources and the discrepancy between the dioxin formation rates observed in laboratory experiments and incinerator measurements. 

Dioxin and PCB Releases from Industrial Sources, UK EA

Objectives:

To review the releases of dioxins and PCBs from industrial processes in order to formulate an effective and coherent regulatory policy. 

Review of Dioxin Releases to Land and Water in the UK, UK EA

Objectives:

To ensure that the Agency has a complete understanding of the processes that produce dioxins and sufficient knowledge to ensure that operators minimise release and adopt the BPEO for the unavoidable releases.

Dioxins and Dioxin-like PCBs in the UK Environment, DEFRA

Introduction 

The Government and devolved Administrations have produced the paper, “Dioxins and Dioxin-like PCBs in the UK Environment” (www.defra.gov.uk) as the first stage in an UK consultation on the action needed to further reduce the risk to health and the environment posed by these compounds.  It considers what control measures have already been put in place to reduce both emissions of dioxins to the environment and human exposure, and provides the background and context for the continuing development of UK policy in this area.

This partial regulatory impact assessment (RIA) should be considered alongside the UK consultation paper.  It is intended to inform the debate on what might constitute future measures in reducing the environmental levels of these compounds by identifying the potential costs and benefits of some initially identified scenarios.

Dioxins in the Environment: A Review of Trend Data, Alcock et al

Abstract

A comprehensive review of available PCDD/F time trend data is presented. This focuses on industrialized countries, drawing heavily on those countries that have been actively involved in PCDD/F monitoring and research, notably Germany, the United States, Sweden, The Netherlands, and the U.K. Information on temporal trends comes from the analysis of date able deposits (e.g., sediments), retrospective analysis of preserved or archived samples, and ongoing monitoring programs. The data on changes in air concentrations, deposition, sediments, soil, biota, food, and human tissues are reviewed. The evidence for natural input/formation of PCDD/Fs is also briefly reviewed and discussed. Human activity has dominated PCDD/F inputs to the environment this century. Conceptually, it is probably appropriate to consider a 'pulse' of PCDD/Fs arising from human activities entering the environment in the 1930/1940s, peaking in the 1960/1970s, and continuing to a lesser degree today. A series of measures introduced in the past, recently, and anticipated for the future have reduced emissions to the atmosphere of industrialised countries and are projected to continue to reduce emissions over the coming decade. Comprehensive monitoring programs are required to confirm the interpretation of past changes and projected future declines presented here.

Open burning of domestic waste: the single largest source of dioxin to air? Christopher Neurath

Abstract

The emission rates from open burning of domestic wastes were detected to evaluate whether the domestic waste is the largest source of dioxin emissions.  Based on examination of recent studies and a range of plausible assumptions, the annual dioxin emissions from open burning in the US may range from 140 to 20,000 g TEQ/y.  The role of polyvinyl chloride (PVC) in dioxin formation suggests that an effective method to lower emissions may be redn. in PVC burning.  Burn tests of wastes with no added PVC had low emissions of dioxin even though the wastes presumably contained small levels of chlorine from other sources.  Activity levels for open burning were assessed in local regions by telephone or in-person interviews, by counting visible burn barrels from public roadways, and by consultation with fire prevention or environmental officials who have first-hand knowledge of their regions.  The range of reported open-burning households in rural areas is 16 to 54%.  Using EPA assumptions that 63% of burner-generated waste is burned and 20% of the US is rural and likely to have open-burner households yields a low emission est. of 140 g TEQ/y and a high est. of 20,000 g TEQ/y.

Effect of phthalates on formation of dioxin and furan in combustion of plasticized PVC, V. Lipik et al
 

Abstract

Reaction mechanisms of formation of dioxins and furans during incineration of plasticized PVC were studied.

Two investigations of dioxin emission from the incineration of waste and PVC, Isamu Kawakami et al
 
Abstract

PCDD/F levels in flue gas were detected to investigate whether addition of PVC to waste would result in increased PCDD/F release in incineration.  Experiments were carried out at an advanced municipal waste incinerator and at a small-scale batch incinerator having insufficient combustion control and off-gas treatment with office waste.  No correlation was found between PVC addition and PCDD/F levels in flue gas.  There was rather a correlation between HCl and CO concentration in the flue gas and PCDD/F in the bottom ash of the municipal incinerator.  However, essentially decreased PCDD/F concentration in the off-gas was found when the small-scale incinerator was fired with paper and wood only.

Chlorine-containing polymers generating no dioxins in burning, Kazuo Hosoda et al (Patent written in Japanese)

Abstract

Title polymers contain reducing agents.  Thus, PVC and Ca phosphite were melt kneaded, extruded, and burned without dioxin generation.

Suppressing effect of CaCO3 on the dioxins emission from poly(vinyl chloride) (PVC) incineration Ren-De Suna et al

Abstract

The effect of CaCO3 addition on the emission of dioxins from poly(vinyl chloride) (PVC) incineration was investigated. It was found that incorporation of CaCO3 greatly reduced the generation of polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) in the exhaust gas. Although the amount of PCDDs and PCDFs trapped in the ash increased, the total amount (the sum in the gas and ash) decreased signiﬁcantly after CaCO3 addition. The possible mechanism for the suppressing effect of CaCO3 additive is discussed. The PCDDs and PCDFs trapped in the ash would not become environmental issues because they are expected to be decomposed by the TiO2 photocatalyst, which was simultaneously incorporated in the PVC with CaCO3.

Development of a dioxin inhibitor for poly(vinyl chloride) resin, T. Imoto et al

Abstract

New poly(vinyl chloride) (PVC) resin has been developed for reducing amts. of dioxins generated during incineration of PVC.  It it already known that hydrogen chloride produced during PVC combustion is stabilized by alkali materials and its concn. was reduced.  The alkali materials based on Mg and CA as the dioxin inhibitor has been added to PVC resin.  This process is as follows:.  (1) The alkali materials were crushed with a wet grinder to fine particles whose sizes were about 1.3 m.  (2) The surfaces of the particles were treated by chems. to prevent PVC resin from being dechlorinated and colored.  (3) The fine alkali materials were throughly mixed into PVC resin.  Dioxin inhibition tests performed using a tilt-type elec. tube furnace indicated that dioxin toxicity equiv. quantities in exhaust gas were substantially reduced by the fine alkali materials added to PVC resin.

Effect of oxygen on behavior of PCDD/Fs formed during heat treatment of PVC and copper oxide mixture, E. Shibata
 

Abstract

Formation and decompn. of polychlorinated dibenzodioxins/dibenzofurans (PCDD/F) were studied using a sealed quartz ampoule as a reactor.  A powder mixt. of polyvinyl chloride (PVC) and CuO was used as O2 source and catalyst.  The effect of O2 on PCDD/F formation was studied because O2 promotes Cl2 gas formation via the deacon reaction.  Complete combustion by further supplying O2 effectively promotes PCDD/F decompn. in the combustion process.  The effect of O2 was exptl. studied by changing the CuO:PVC molar ratio as an example.  The total amt. of PCDD/F formed decreased significantly with an increase in the CuO:PVC molar ratio.  Results suggested PCDD/F formation may occur locally before equil. is achieved for the CuO/PVC reaction system; thus, it can dangerous to depend only on thermodn. considerations for PCDD/F formation and decompn. in the combustion process.

Formation of PCDDs, PCDFs, and Coplanar PCBs from Polyvinyl Chloride during Combustion in an Incinerator, T. Katami et al

Abstract

Waste gas from combustion of poly(vinyl chloride) (PVC), polyethylene (PE), polystyrene (PS), poly(ethylene terephthalate) (PET), and their various mixts. were analyzed for polychlorinated dibenzo-p-dioxins/dibenzofurans (PCDD/F) and coplanar polychlorinated biphenyls (PCB) by gas chromatog.-/mass spectrometry (GC-MS) to study the role of PVC in these chlorinated compds.  Total amts. of dioxins (PCDD/F) in samples were 11.7 ng/g (PE alone), 1.17 ng/g (PS alone), 25.3 ng/g (PET alone), 448 ng/g (PE with PVC), 140 ng/g (PS with PVC), 126 ng/g (PET with PVC), 824 ng/g (PVC alone under low CO concentrations), and 8920 ng/g (PVC alone under high CO concentrations.).  CO concentration in high CO conditions was 880 ppm, 20 times greater than that in low CO conditions.  Formation of coplanar PCB were from 0.095 ng/g (PE alone) to 77 ng/g (PVC alone under high CO concentrations).  There was a clear correlation between dioxin formation and Cl content.  PCDF composed 80% (PET + PVC) to 98% (PET alone) of total dioxins formed in waste gas.  Results indicated PVC contributes significantly to formation of PCDD/F and coplanar PCB from mixtures of plastics upon combustion.

The relative contribution of wood and poly(vinyl chloride) to emissions of PCDD and PCDF from house fires, W.F.Carroll
 

Abstract

Polychlorinated dibenzodioxin/dibenzofuran (PCDD/F) emission from poly(vinyl chloride) (PVC) burned in house fires was estimated at <1 g I-TEQ/yr in the USA.  In this literature-based study, amounts of wood (21,000 kg) and PVC (180 kg) in a new house of std. construction were calculated and previously published emission factors for wood (0.01-173 g/t) and PVC (3-6554 g/t) are reported.  Test conditions under which emission factors were generated differ and may not be directly comparable.  Typically, PVC is tested at small-scale under relatively poor combustion conditions; wood is tested at large-scale under good combustion conditions.  Thus, overall emissions from combustion of these materials in house fires on an as-used basis was estimated to be similar (on the order of 1 g/yr) and a small contributor to the PCDD/F sources inventory.  No speculation was made with respect to content, roofing, or other materials of construction.

Is PVC in house fires the great unknown source of dioxin? W.F. Carroll et al

Abstract

An est. of the annual generation of polychlorodibenzodioxins and furans (PCDD/F) in the United States as a result of PVC burning in house fires is made using building data and fire loss statistics and soot and ash samples obtained from lab. expts. and building fires involving PVC.  Using conservative ests. for construction, fire involvement and formation, dioxin generation from PVC in house fires is in the range of 0.074 to 8.6 g TEQ yr-1 as soot, 0.4 to 15 g TEQ yr-1 as ash, and thus 0.47 to 23 g TEQ yr-1 total.  The max. likelihood est. is approx. 0.3 g TEQ yr-1 as soot and 1 g TEQ yr-1 as ash.  Any of these ests. constitutes a minuscule fraction of the 9300 g annual air emissions or the 20,000-50,000 g (TEQ) annual deposition from the air estd. by EPA.

Dioxin and furan formation in FBC boilers firing MSW, E.J. Anthony et al
 

Abstract

The emission levels of dioxins and furans from a fluidised-bed boiler fired with biomass are not influenced by PVC addition rate, but sulphur addition at lower rates lowers them.

The emission of dioxins and related compounds from the incineration of municipal solid wastes with high contents of organic chlorine (PVC), M. Giugliano et al
 

Abstract

The role of PVC in the formation of chlorinated organic micropollutants from municipal solid wastes incineration was investigated in a full-scale rotary kiln/afterburner combustion chamber. The incineration of urban wastes with added PVC, up to 10% by weight, did not produce the emission of detectable concentrations of polychlorinated dibenzodioxins and -furans upstream flue gas cleaning equipment. The increase in PVC content of the feed had no effect, compared with the combustion of raw waste, on the presence of other organic micropollutants. 

The influence of operating parameters and different fuel types on PCDD/F emissions was studied in a fluidized bed incinerator. Under conditions of incomplete combustion, CO concentration in the flue gas was positively, and O2 concentration was negatively correlated with total PCDD/F emissions. Low O2, high CO, and high C concentrations in the flue gas shifted the distribution pattern of PCDD/F to lower chlorinated homologues. Under normal operating conditions, high fluidized bed temperatures, low freeboard temperatures, and high O2 values increased PCDD/F levels. PCDD/F emissions did not depend on the HCl concentration in the flue gas.

Influence of operating parameters and fuel type on PCDD/F emissions from a fluidized bed incinerator, D. Lenoir et al
 

Abstract

The investigated fuel types varied in their chlorine content which, in some experiments, was increased by adding NaCl or polyvinylchloride (PVC). Only the addition of 3% PVC to polyethylene resulted in an increase in PCDD/F concentrations. Apart from this single experiment, no effect of fuel type on PCDD/F emissions was observed. High water contents of refuse derived fuel did not affect total PCDD/F concentrations, but reduced the furans to dioxins ratio and led to a shift to lower chlorinated homologues.

Characterization of emissions of dioxins and furans from ethylene dichloride (EDC), vinyl chloride (VCM) and polyvinylchloride (PVC) manufacturing facilities in the united states. I. resin, treated wastewater, and ethylene dichloride, W.F. Carrol, et al

Abstract

Under the auspices of its Dioxin Characterization Program, members of The Vinyl Institute (VI), have analyzed for potential polychlorinated dibenzodioxin/furan (PCDD/F) concentrations in polyvinylchloride (PVC) resins, treated wastewater effluent and ethylene dichloride (EDC) product at EDC, vinyl chloride monomer (VCM) and PVC manufacturing facilities in the U.S. and Canada. No 2,3,7,8-tetrachlorodibenzodioxin (TCDD) was detected in any sample analyzed under the program to date. Trace concentrations (low pg/g) of PCDD/F were detected in only a few samples of PVC resins and EDC product. Treated wastewater contained low ppq concentrations of PCDD/F. All concentrations are expressed as Toxic Equivalents (TEQ). Extrapolation of these data shows that the contribution of EDCNCM/PVC manufacturing via these media constitutes substantially less than 1 percent of the estimated annual U.S. dioxin releases to the environment.

Characterization of emissions of dioxins and furans from ethylene dichloride, vinyl chloride monomer and polyvinyl chloride facilities in the United States. Consolidated report., W.F. Carroll et al
 

Abstract

This is the consolidated report of emissions of PCDD/F from facilities in the org. chem. manufg. chain leading to polyvinyl chloride.  Data were gathered from facilities in the US and Canada from a no. of manufacturers and at various steps in the manufg. process.  Ests. of US emissions or transfers of PCDD/F were generated on an upper bound and most likely basis.  The most likely est. of US emissions of PCDD/F to the open environment, i.e., air, water and land surface by facilities in this chain, based on evaluation of non-detects at one-half the detection limit is .apprx.12 g I-TEQ/yr.  On this same basis, an estd. 19 g is disposed of in secure landfills.

Estimation of dioxin emission from fires in chemicals, J. Vikelsøe et al

Abstract

The formation of the 17 toxic 2,3,7,8-substituted PCDDs and PCDFs during combustion of selected chemicals were measured by high-resolution GC/MS. The 16 chemicals studied were commonly used chlorinated pesticides, industrial chemicals, and PVC. In a series of experiments carried out in a DIN 53,436 furnace, 2.5 g of these compounds were burned at 500°C and 900°C, respectively. The resultant yields ranged from 740 ng ITEQ/g for pentachlorophenol, to below 0.01 ng ITEQ/g for PVC and dichlobenil. The results show that some chemicals generate PCDD/F in very high – possibly dangerous – amounts during burning, whereas others generate insignificant amounts. The influence of scale were studied for chlorobenzene and 4-chloro-3-nitro-benzoic acid in additional experiments, carried out in a cone calorimeter burning 20 g substance, and in ISO 9705 room test burning about 50 kg. A good agreement between the results for large and small scale indicated that formation of PCCD/F during a fire may be estimated from laboratory experiments. This suggest laboratory test may be used to screen for chemicals posing a hazard for release of PCDD/F during fires. 

Composition of incineration products of plasticized PVC materials, E. M. Gotlib et al

Abstract

Dependence of incineration products’ composition from the type of a plasticiser used was investigated by gas and liquid chromatography and mass spectrometry. It was established that the total concentration of polyaromatic hydrocarbons in dioxin equivalents in plasticised PVC is approximately 2 times higher in the case of DOP use as opposed to EDOS uses. 

Study on formation factors of dioxins from a domestic incinerator, S. Tatsuich et al
 

Abstract

Paper, timber, plywood, withering leaves, timbers with polyvinyl chloride (PVC), and their mixts. were incinerated using a domestic incinerator to examine the emission and formation factor of dioxins, polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), and coplanar polychlorinated biphenyls (PCBs).  The burning temp. of the domestic incinerator in our expt. averaged 400C - 600C while carbon monoxide (CO) emission in the flue gas was variable, sometimes higher than 1.0 %(vol./vol.).  When PVC (0.1 - 5 % wt./wt.) was mixed with timbers, dioxin concn. in the flue gas rapidly increased and reached 3.2 - 1,100 ng-TEQ/m3N.  The correlation between the dioxin concn. in the flue gas and the mixing ratio of PVC can be expressed by the following equation: Y = 140X1.4 where X is PVC (%) and Y is dioxin concn. (ng-TEQ/m3N).  When one gram of PVC is burnt, about 140 ng-TEQ of dioxins will be formed.  Dioxins concn. in the bottom ash also increased with an increase in the mixing ratio of PVC.  Anal. results of dioxins in the flue gas showed that most of the combustion materials (67%) were comprised of PCDFs.

Study on formation factor of polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans and coplanar polychlorinated biphenyls emitted from domestic incinerator. The relationship between polyvinyl chloride (PVC) ratios in waste and dioxin concentrations, S.Tatsuichi, et al
 

Abstract

Papers, timber, plywood, fallen leaves, timbers with polyvinyl chloride (PVC) and their mixts. were incinerated to examine emission and the formation factor of polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans and coplanar polychlorinated biphenyls (Dioxins) emitted from domestic incinerator.  The temperature of the furnace of the incinerator were 400-600ºC on the av., and carbon monoxide (CO) in the flue gas were high concentration with 0.04-1.8% (vol./vol.), and the change of CO concentration were high.  When PVC (0.1-5% wt./wt.) were mixed in timbers, dioxin concentrations in the flue gas were 3.2-1100 ng-TEQ/m3N.  The concentration increased with increasing mixing rate of PVC.  Mixing ratio of PVC was related to dioxin concentration in the flue gas by the following equation.  Y = 140 X1.4 (X = PVC%, Y = dioxins concentration, ng-TEQ/m3N).  When PVC of 1 g was combustioned, dioxins were formed about 140 ng-TEQ.  Dioxin concentrations in the bottom ash increased with the increase of mixing ratio of PVC.

Formation of Dioxins during the Combustion of Newspapers in the Presence of Sodium Chloride and Poly(vinyl chloride), A. Yasuhara et al

Abstract

Flue gases from the combustion of newspaper alone, from branches of London plane trees alone, and from newspapers mixed with NaCl, polyethylene, or poly(vinyl chloride) (PVC) were collected.  The samples were analyzed for dioxins by gas chromatog./mass spectrometry.  The total amts. of dioxins found in the samples were 0.186 ng/g from newspapers alone, 1.42 ng/g from the branches of London plane trees, 102 ng/g from newspapers impregnated with sodium chloride (Cl wt% = 3.1), 101 ng/g from newspapers impregnated with sodium chloride mixed with PVC (Cl wt% = 2.6), and 146 ng/g from newspapers mixed with PVC (Cl wt% = 5.1).  Samples with a higher chloride content produced more dioxins, and there is a clear correlation between dioxin formation and chloride content.  The amt. of dioxins formed in the samples according to the no. of chlorides was Cl5 > Cl4 > Cl6 > Cl7 > Cl8 in PCDD (polychlorodibenzodioxin) isomers and Cl4 > Cl5 > Cl6 > Cl7 > Cl8 in PCDF (polychlorodibenzofuran) isomers, except in the case of newspapers alone.  Benzofurans composed 78-92% of the total dioxins formed in the flue gases.  The higher the no. of the chlorides was, the lower was the prodn. of benzofuran obsd.  NaCl vaporised at the temp. of the flame used for combustion of the samples (760-1080).  The results indicate that NaCl and PVC contribute significantly to dioxin formation from waste materials combusted in incinerators.

Generation of dioxins from waste plastics combustion in fluidised bed incinerator, Yoshinori Tamade et al

Abstract

An incineration test of waste plastics with high Cl2 content as a typical industrial waste was conducted in Japan.  A fluidised-bed furnace was adopted for this test since it is commonly used to burn industrial waste.  Combustion temp., residence time, and CO concentrations were monitored and the effect of these parameters on dioxin generation and behaviour within the furnace were studied.  The effect of NH3 injection as a dioxin generation control method was also examined.  Results showed: higher combustion temperature and longer residence time effectively controlled dioxin generation; higher combustion temperatures effectively reduced dioxins in fly ash; NH3 injection in the furnace high temperature zone seemed effective in reducing dioxins; dioxin concentrations were high with CO concentrations >1800 ppm, though it decreased with CO concentrations <.apprx.10 ppm; and longer residence time effectively reduced CO concentrations at the same combustion temp.

Catalytic effect of copper chloride on the toxic emissions from combustion of polyvinyl chloride, Dong-li Wang et al

Abstract

The effects of temp. and the amt. of copper chloride on the types and yields of the toxic emissions from combustion of polyvinyl chloride were investigated.  The results suggest that a large amt. of polycyclic arom. hydrocarbons (PAHs) are released from combustion of pure polyvinyl chloride, accompanied by a small amt. of polychlorinated dibenzodioxins and polychlorinated dibenzofurans (PCDD/Fs).  Copper chloride can effectively enhance the formation of PCDD/Fs while possibly inhibit formation of PAHs.  Metal chlorides are possibly one of the main factors to enhance the PCDD/Fs formation from combustion of polyvinyl chloride.

PVC and alternative materials, Denmark Environmental Protection Agency 

Abstract

The Danish EPA found that doubling PVC feed in an incinerator increased dioxin levels by 32%

Green Waste Fraction, PVC, waste incineration and dioxins, J. Kanters et al

Abstract

A study for the Netherlands Environment Ministry found that reducing PVC feed lead to a corresponding reduction in dioxin emissions.

Green AES, Wagner JC. Toxic Products of medical waste incineration

Abstract

Research at the University of Florida has found a correlation between PVC feed levels and dioxin emissions.

Dioxin Prevention and Medical Waste Incinerators, J. Thornton

Abstract

Not available

Report on Disposal PVC Waste, Swedish EPA
 

Abstract

Not available

PVC and Incineration, W.F. Carroll

Abstract

Among the most feared toxic chemicals known to man is 2,3,7,8-tetrachlorodibenzodioxin (TCDD). PVC is a source of chlorine in waste and therefore it has been contended that its means of disposal should not be incineration. It is argued that the chlorine content of non-PVC sources is in excess of that needed for dioxin production and therefore exclusion of PVC from municipal waste will have little effect upon harmful emissions. This investigation presents evidence substantiating this concept.

William Carroll has a website that gives a list of all his publications concerning PVC and dioxins. These can be viewed at: http://www.billcarroll.org/Publications.html

A Review of Dioxin Emissions in the UK, HMIP

Abstract

Not available

3.3 Environmental Issues Concerning PVC Production

Pollution prevention strategies for the minimising of industrial wastes in the VCM-PVC industry, Paul M. Randall

Abstract

The author reviews with 26 references pollution prevention strategies in the vinyl chloride monomer (VCM)-polyvinyl chloride (PVC) industry, the current process technology., and the pollution prevention practices to minimize all types of waste.  This paper includes a review of the balanced oxychlorination process, the high temp. chlorination process, new ECC cracking techniques, modified EDC reactor designs, new catalysts, new separation technologies, and other alternative low-waste process pathways and modifications.

3.4 Environment Issues of PVC in the Packaging Industry

Use of PVC films in packaging in the food and pharmaceutical industries with reference to biodegradation and recycling, Jagoda Zulim (written in Croatian)

Abstract

The properties of PVC films and their application as packaging materials in food and pharmaceutical industry are reviewed with 4 references.  A part of article deals with the ecological. problems caused by the application of PVC films.  The possibilities of recycling of PVC, the problems of combustion, and controlled biodegradation are emphasised.  The aim of this article is to show that under proper applications of PVC and proper handling of wastes, PVC and its derivatives are not ecologically dangerous.

3.5 Environment Issues of PVC in the Medical Device Industry

Risks and benefits of PVC in medical applications, R. Fanelli

Abstract

A review and discussion.  The safety of using PVC in the medical field has been recently challenged due to the toxic activity it allegedly exerts on exposed patients.  The environmental repercussions of disposing of PVC, once its use has terminated, represent an additional point of debate, used to sustain the advisability of abolishing PVC.  The reasons that have led some to request the abolition of PVC involve valid questions of principle, perhaps, but they lack a technical evaluation of the benefit-risk ratio and the possible consequences this action would have on patients and on health-care personnel.  The purpose of this paper is therefore to help bring the terms of the question back into the realm of evidence and proof, attempting to formulate a brief picture of what is known, in terms of PVC uses in the clinical field, evaluating the benefits and risks to human health and to the environment, also in relation to possible alternatives, and discussing the margins of uncertainty that emerge.  Evidence supports the conclusion that PVC is an important weapon in the complex arsenal medicine has at its disposal to care for patients and cure diseases.  Though its use can be considered safe, recent surveys have identified in some patients possibility of risks associated with DEHP, the principal plasticiser of PVC for medical applications.  Studies are in progress to eliminate these margins of risk and increase the safety for patients.

The importance of making decisions based on facts rather than emotions (the role of PVC in medical devices), John R. Svalander

Abstract

A review.  Over the past 10 years PVC has become one of the Chemical Industry scapegoats.  Some environmentalists in particular Greenpeace attack the product.  (Chlorine the devil's element) PVC, as well as all man-made products, leaves a footprint on the environment but the disadvantages are by fare outweighed by the advantages.  In what has become a very emotional and political and less rational debate the PVC industry has not been very good at making their points.  The problem is that very often allegations are based upon assumptions or biased information, presented in an emotional way.  In such a debate "sound science" is boring, dry and not effective. Health and Environmental issues, decisions and have to be based upon scientific facts (Risk Assessments, Life Cycle Analysis etc.) - if not there will be errors in judgment and decision.  In addition, the impact of erroneous decisions could be very counterproductive and irrevocable.  Unfortunately however it is often the one that shouts the loudest that is believed.  The Chemical Industry ranks low in " whom do you believe...".  Very often, public perception is that industry never accepts problems, tries to distort the facts (for profit) - this is totally incorrect.  The PVC industry, and many other industries for that matter, is "learning" to listen to allegations, be more open with facts and to communicate.  This is absolutely necessary to safeguard important applications such as the PVC used in Medical Devices.

The use of PVC in medical goods, Axel Bruder et al (written in German)

Abstract

A review with 35 references discussing applications of polyvinyl chloride, properties making it useful in the medical field, legal aspects of its use, toxicological studies of PVC, and ecological, economic, and environmental aspects of the use of PVC in medical goods.

PVC. The compound for medical products, Axel Bruder et al (written in German)

Abstract

A review with 35 references is given on the application of polyvinyl chloride in medicine. Demands on the properties, standards, toxicological experiences, ecology, and economy of PVC are discussed.

3.6 Summary of PVC Environmental Issues

The report by Coghlan for CSIRO74, which addressed many of the environmental issues currently facing the PVC industry, indicated that PVC should not be a cause for concern. No scientific evidence was found to support any health and environmental risk from the use of the most commonly used phthalates (DEHP & DIHP). Lead stabilisers were found to release slowly from the PVC matrix in landfill conditions and overall lead to be minimal relative to other sources of environmental lead. The report also noted that the contribution made by PVC to dioxin emissions was insignificant compared with other sources. It was concluded that the balance of available evidence indicated that PVC has not more effect on the environment than its alternatives. However, three areas which it was suggested warrant additional study due to lack of current evidence were in the area of phthalate use, fate of heavy metals and the toxicity of emissions from PVC fires.

Several other research papers75-78,119-121 also concluded that not enough scientific evidence was available to indicate that PVC was any more ecologically damaging than its alternatives. Lawuyi noted that although some toxicological effects of PVC had been found on laboratory animals, evidence for humans was lacking. Obloj-Muzaj stated that the analysis of PVC fires had shown that levels of dioxins were insignificant dioxins and concluded that PVC was shown not to increase hazards to heath. Seleznev also found that dioxins from combustion of plastic did not correlate with the presence of PVC. Work which focussed on PVC’s application to packaging and medical devices also found that PVC can be considered safe in these applications.

No publications found in the scientific literature to date have indicated that PVC has a significantly detrimental effect on the environment and to human health.

4 Review of Recycling and Waste Treatment Issues and Methods

4.1 Primary Recycling – Re-use

No research papers were found in the literature that focused on re-use of PVC products.

4.2 Secondary Recycling – Mechanical Recycling

4.2.1 Current Mechanical Recycling Initiatives in Europe

BPF – best practice project to find solutions to collect and manage PVC construction and demolition waste in the UK.

BRE – PVC window recovery

TEPFFA – collection and recycling activities (mainly window profiles, gutters, shutters, and corrugated)

EPFLOOR – Flooring recycling

ESWA – Roofing collection & recycling scheme

EPCOAT – recovery and recycling of PVC coated fabric products

Several new recycling initiatives were listed in the publication “good practices guide on waste plastics recycling a guide by and for local and regional authorities” written by ACCR. Those concerning the recycling of PVC are given below (without further reference).

· In Germany, VEKA Umwelttechnik has developed a fully automated plant for the processing of PVC windows. The FREI recycling system also involved in the recycling of PVC windows in Germany utilises a ‘low-tech’ processing system. Major sorting and separation (including colour) processes are done manually, with the mechanical unit restricted to shredding, grinding and metal separation. The VEKA & FREI systems are now combined into the REWINDO scheme

· FKS Pipe Recycling in the Netherlands

· Collection programmes in France, including kerbside and drop-off systems have been organised by an industry-funded group GECOM. The material has been used to make pipes, shoe soles and garden furniture.

· In Australia, PVC bottles and cable cover are finely ground using a cryogenic technique, and the recycled resin is used to make pipe fittings.

· A plant was set up in Germany in 1990 to recycle used PVC floor coverings back into new floor coverings. This is a joint venture between European PVC producers and flooring manufacturers.

· A new technology, called Vinyloop®, has been developed by the Belgian firm Solvay. It is based on the selective dissolution of PVC and allows to separate and recover PVC compound from plastic waste containing a significant proportion of other polymers. The first commercial plant, a 10 kt/a to treat electrical cable waste, was started up end 2001 in Ferrara (Italy).

· PVC bottles were recycled into clothing through a programme developed by Rhovyl, a French clothing manufacturer and Elf Atochem. Jumpers, scarves and socks from 30 per cent wool and 70 per cent mineral water bottles were produced.

· NV Ekol in Belgium uses recycled PVC with other plastics to make a range of products including noise reduction barriers, fencing and stakes, mobile traffic islands, flower tubs and garden furniture. 

· In Denmark, waste management company RGS90 is building a feedstock recycling facility for PVC waste. It will treat mixed PVC waste products, mainly from the B&C sector, with a capacity of 40 kt. 

· ARCOA in America makes recycled PVC into artificial reefs which can be placed in coastal waters to create a habitat for fish.

4.2.2 Reviews of PVC Recycling

Mechanical Recycling of PVC Wastes, Plinke et al

Overview

Several studies were commissioned by the European Commission’s DGIII committee to look at different aspects of PVC waste management in Europe with the aim of developing appropriate policy. One of these studies, carried out by a consortium lead by Prognos of Switzerland, undertook to investigate the mechanical recycling initiatives within Europe. The report “Mechanical Recycling of PVC Wastes” was published in January 2000. The report focussed on the following aspects of PVC mechanical recycling:

· factors influencing PVC recycling;

· the present situation for PVC recycling in the different member states;

· description of particular PVC recycling schemes;

· assessments of the limits and potentials of PVC recycling; and

· possible future scenarios for PVC recycling in Europe.

The report gave several key conclusions including the following.

· Nearly 60% of PVC is used in applications with lifetimes of up to 50 years and consequently a significant quantity of this polymer has not yet reached the waste stream.

· Mechanical recycling of PVC is possible, however due to the reduction in technical specification the recyclate is generally used as a layer together with virgin PVC polymer.

· Pre-consumer recycling is practised throughout Europe (currently around 80%), however post-consumer recycling is less common(currently around 3%) generally being restricted to cables. Some packaging recycling is taking place though often this material stream is mixed with other polymer waste.

· In some member states the recycling of building products such as window frames, pipes and flooring have been established but are no yet economically competitive.

· The low post-consumer recycling rate is mainly as a consequence of adverse economics. Low PVC contents of relevant waste streams, composite PVC applications, or PVC mixed with contaminated waste result in the need for expensive separation and sorting processes.

· Additionally, technical standards have hampered the use of recyclate in certain applications such as pipes.

· It is estimated that by 2020 PVC waste arisings will increase by 80%.

· Future regulations on landfill and incineration will mean that it becomes more expensive to treat PVC waste by other methods and consequently PVC recycling will become more favourable.

· The introduction of the WEEE directive will also assist in the recovery of waste streams of which PVC forms a significant part.

Braun has published a review paper concerning the recycling of PVC
. The paper gives an overview of the characterisation of PVC waste and re-stabilisation of the polymer in addition to a list of recent investigations on material recycling that have been published. The abstracts of this and other overview papers are listed below.

Recycling of PVC, D. Braun

Abstract

Recycling of used PVC needs a careful characterisation of PVC waste. The analysis of the scrap, especially with respect to the thermal stability and the molecular weight, is useful before reprocessing. Additional stabilisation of used PVC can be done by up to 10 wt % fillers, e.g. chalk, which does not change the mechanical properties. A literature survey on the proposed concepts and methods for material and chemical recycling of PVC is given.

PVC, origin, growth, and future, Dietrich Braun

Abstract

Application of polyvinyl chloride (PVC) is first described in a patent in 1913, but only after 1930 a sustained interest arose in a number of industrial laboratories.  In 1939 the worldwide production was 11000 tons.  Nowadays PVC is the second thermoplastic resin behind polyolefines with a worldwide capacity of ca. 31 million tons.  In its nearly 70 year history PVC contributed to much progress in polymer science and technology, e.g. to emulsion and suspension polymerisation, detailed analysis of polymer structures, chemistry of stabilisation, plasticisation, chemical modification, and plastics processing.  But PVC plays also an important role in many environmental discussions on polymers, e.g. chlorine chemistry, toxicity of vinyl chloride, or waste and recycling problems. Some recent developments as controlled polymerisation of vinyl chloride, stabilisation, modification of bulk properties and chemistry and material recycling of PVC will be discussed.

Disposal of polyvinyl chloride (PVC) wastes, Qiwu Zhang (written in Japanese)

Abstract

A review with 9 references is given on history and uses of PVC, characteristics of PVC, present status of life span, examples of development of uses and studies on recycling of PVC products, and recycling of PVC products.

Recent progress in study of recycling and environmental effect of poly(vinyl chloride), Shi-yun Zhong (written in Chinese)

Abstract

A review on development of recycling of poly(vinyl chloride) (PVC) and study of influence of PVC on the environment.  Future applications of PVC were discussed.  The problems related with the application of PVC must be well established and PVC which has long life cycle should be used for the future applications.  Design of new products should take the recycling into account, and the scale-up of the recycling process should be accelerated.

Full scaled vinyl chloride material recycling system and its example, T. Hashino et al (written in Japanese)

Abstract

A review on recycling of PVC.

Poly(vinyl chloride) recycling technology, J-H Lee et al (written in Korean)

Abstract

Recycling technologies of poly(vinyl chloride) are reviewed.

Recycling of plastics - is PVC an exception? Part 4, Milan Nachtigal (written in Czech)

Abstract

A review discussing chemical decomposition of waste PVC and environmental aspects of PVC recycling concluding the series of review articles on PVC recycling. An argument is presented that PVC is a well recyclable material and there is no need to exclude PVC from manufacture in the Czech Republic or ban on importing PVC-based packaging materials or other products into the Czech Republic.

Recycling of plastics - is PVC an exception? Part 3, Milan Nachtigal (written in Czech)

Abstract

A review (to be continued) discussing technological aspects of recycling of PVC windows, floor materials, and roof materials.  Manufacture of new products from recycled PVC, as well as chemical recycling of PVC that incorporates chemical degradation and transformation of PVC is discussed.

Materials and Products from UK-sourced PVC-rich Waste ,WRAP62
Abstract

Between 100 and 200,000 te/yr of collectable post-use PVC waste is produced in the UK. Disposal route for the great majority of this material is to landfill. A further 15,000 te/yr of post-industrial scrap from the wallpaper industry is known to be disposed to landfill. About 45,000 te/yr of post-industrial PVC scrap is already recycled in the UK.

The largest volume and most readily collectable post-use PVC waste streams are windows, pipes and flooring, all products from the construction sector. Up to 170,000 te/yr of these materials are expected to be arising in the UK by 2010.

Several alternative routes have been identified for collection of post-use PVC waste from the construction sector.

A review of the alternative recycling options and their commercial viability indicates that in the UK landfill is by far the lowest cost disposal option and will remain so until landfill disposal costs rise significantly. However, of the recycling solutions:

· Mechanical separation to produce clean 3-8 mm chips for extrusion or injection moulding is likely to be the most environmentally and commercially attractive route for high grade recycling of post-use windows and pipes made from rigid PVC

· Mechanical recycling by either mechanical separation followed by melt filtration or the Vinyloop dissolution process to produce clean material for addition to new coated or calendared floorings is likely to be the most environmentally and commercially attractive route for recycling post-use flooring made from flexible PVC

The wallpaper industry is developing its own innovative solution for recycling of its post-industrial waste.

The report makes several recommendations which will help to increase recycling of PVC-rich waste to higher value products in the UK.

Recycling of PVC: effect of the processing operation, Gerald Scott

Abstract

A review with 52 references. PVC presents particular difficulties in disposal due to the potential environmental hazards associated with the chlorine content of the polymer.  In principle materials recycling provides an ecological acceptable way of re-utilising the energy content of the polymer but the processing operation is damaging to the durability of recycled artifacts unless the provenance of the waste is known.  The principles involved in the protection of PVC against the mechanochemical damage that occurs during processing are discussed for both rigid PVC and its modified forms.  The importance of knowing the previous history of PVC waste is emphasised, with particular ref. to the stabilisers used.  It is suggested that the most effective method of recycling PVC is in a "closed loop", so that the previous history and particularly the stabiliser formulation of the recovered polymer is known.

4.2.3 Recycling of post-use PVC from different applications

Recycled products from waste interior floor materials and their manufacture, K. Amimoto (Patent written in Japanese)

Abstract

Title products are prepared by pulverizing PVC wastes from tile carpets or long sheets, polyolefin and/or other thermoplastic resin wastes from interiors into 1-mm to 500-mm powders, optionally blending with <50% corresponding virgin raw materials and/or binders, hot-pressing into sheets, and forming into desired shape.  The fibres in the above wastes are shortened into 5-20 mm length before blending with resins or fibres having a melting point lower than that of the waste fibres and hot-pressing. Preferably, the high melting point waste fibres were blended with low melting point polyolefin fibres at 50-80:20-50, then shortened, and hot-pressed.  Detailed illustrations are presented.

PVC floorings as post-consumer products for mechanical recycling and energy recovery, Yarahmadi et al

Abstract

Old PVC flooring materials obtained from three apartment blocks built in 1964, 1971, and 1974, respectively, have been examined in parallel with newly manufactured PVC floorings. The focus of this study was to investigate how the important properties of PVC floorings change during their service life owing to ageing processes, and how these can influence their suitability as post-consumer products for recycling methods such as mechanical recycling and energy recovery. One important objective was to obtain general information regarding the degradation processes in PVC floorings that could influence these recycling methods. This study has shown that PVC floorings as plastic waste can be mechanically recycled in the form in which they were recovered without upgrading, and without the addition of new plasticiser. It also shows that the high alkalinity of moist concrete can lead to the decomposition of the plasticiser when PVC flooring is glued onto it. However, the degree of decomposition of plasticiser is very small relative to the mass loss by evaporation, and consequently should not cause any problems for mechanical recycling. Nevertheless, decomposition products such as butanol and octanol can cause indoor environmental problems sometimes designated as "sick building syndrome". For this reason, gluing directly onto fresh concrete should be avoided. Gluing also makes mechanical recycling less favourable owing to troublesome dismantling, and the high degree of contamination from the glue. The heat content in PVC floorings is dependent on the proportions of PVC and plasticiser used. Consequently, changes in the heat content caused by long-term use of PVC floorings should be insignificant. 

Recycling of poly(vinyl chloride) linoleum wastes, A.M. Lipanov et al (written in Russian)

Abstract

A method for utilisation of PVC linoleum waste using cutting was developed. Ground PVC waste can be processed into construction blocks that can be used in construction.  Processed PVC is thermal and sound insulator.

Polyvinyl chloride-based compositions for production of extruded profiles, V.I. Pomeshchikov et al (Patent written in Russian)

Abstract

A composition for production of extruded profiles comprises polyvinyl chloride produced by emulsion polymerisation (E 7050M) (7-9), waste PVC (86-90), bis(2-ethylhexyl) phthalate as a plasticizer (1-2), and calcium stearate as a stabilizer (2-3%).  The waste PVC is obtained from plastic window frames and comprises polyvinyl chloride produced by suspension polymerisation. (S 7059M) (81.8), an impact modifier (Paraloid KM 355) (6.5), a heat stabiliser (Baeropan-type), chalk as a filler (4.1), and titanium dioxide (3.3%).  The composition provides extruded profiles having enhanced mechanical strength, fire resistance, smooth surface, and can be used for production of plastic plinths and window frames.

Recycling of PVC wastes using the elastic-deformation dispersion methods, R.Akhmetkhanov et al (written in Russian)

Abstract

Metal-containing heat stabilisers were introduced to PVC waste during elastic deformation dispersion recycling to improve thermal stability.  Highly dispersed PVC powder exhibit high surface activity and adsorption to petroleum products.  Mech. properties of insulating PVC-based films containing recycled PVC were studied.

Electrically insulating PVC compositions containing recycled PVC materials with good electric properties and low temperature characteristics comprising kneaded compositions comprising recycled PVC-type materials 100, plasticisers 3-10, and aluminum silicate 3-10 parts and electric wires covered with compositions therefrom, T. Chiso et al (Patent written in Japanese) 

Abstract

The insulating PVC compositions (A1) comprise kneaded compositions. comprising 100 parts PVC-type materials recovered from old wire and old cables, 3-10 parts plasticizers, and 3-10 parts aluminum silicate (I) exhibiting particle diam. 0.5-50.0 mm, sp. surface area 1-100 m2/g, and oil absorption amt. 10-100 g/100 g, or the insulating compositions. comprise A1 compositions comprising 80-120 parts I per 100 parts plasticizers.  The elec. wires comprise wires covered with A1 insulating compositions  A composition comprising recycled PVC-type material 100, dioctyl phthalate 5, and I (particle diameter. 1.4 mm, sp. surface area 10 m2/g) 3 parts was melt-kneaded, extruded to form particles, and extrusion moulded at cylinder temp. 180 Deg to give a sheet 2 mm thick and showing tensile strength 17.2 MPa, elongation 280%, and 100% modulus 9.3 MPa and showing tensile strength retention 100% and elongation retention 94% on heat-degrading the sheet by the method of JIS K-6723 and showing vol. resistivity 4.5x1013 W.cm and brittleness temp. -20 Deg.

Development of insulated wire and cable using recycled PVC, K. Murata

Abstract

Most poly(vinyl chloride) (PVC) used for sheathing of distribution wires and cables is seldom reused for wire sheathing when they are retrieved, so that they are usually applied in other uses or disposed of as industrial waste. By investigating the sorting, retrieval, and recycling methods of the sheath material as well as its applications, the authors have been successful in developing insulated wire and cable that uses recycled sheath material from retrieved wire and cable, together with a recycling system that permits obtaining recycled material comparable to unused material in terms of cost.  All the sheath material investigated in this study are retrieved from used wires for power distribution and will be used again with the recycled wire and cable.

Method for recycling used vinyl films for agriculture as electric cable sheath materials, H. Kashiwagi et al (Patent written in Japanese)

Abstract

The method contains cutting the used vinyl films roughly, removing impurities such as metals and sand from cut pieces, feeding dried fluff (obtained by grinding, washing, dehydrating, and drying the pieces), a plasticiser, a heat stabiliser, and other additives to a heater mixer, kneading them, feeding the mixture in a semi-molten state to a cooler mixer, stirring it, feeding it to an extruder, extruding it under heated conditions (preferably, cylinder temp. 150-180ºC, die temp. 150-170ºC, screw rotation 25-35 rpm), passing through a water bath, and pelletising it. Thus, an elec. cable having a recycled PVC sheath showed good properties comparable to a cable having a virgin PVC sheath.

4.2.4 Change of PVC Properties Due to Recycling

Several papers in the literature look at the degradation of PVC during the use phase and during mechanical reprocessing with a view to re-use in secondary applications. These and other publications together with their abstracts are detailed in the following pages.

Structural changes and mechanical performance of recycled poly(vinyl chloride) bottles exposed to ultraviolet light at 313 nm. N. Sombatsompop et al

Abstract

The structural changes and mech. performance of virgin poly(vinyl chloride) (PVC) bottle (VB) compounds blended with PVC flakes collected from a specified factory (RB-F) and recycled bottle flakes collected from consumer houses (RB-H), were examined before and after UV irradiation at 313-nm UV wavelength for different periods of time up to 28 days.  When exposed to UV light, the RB-F/VB blends containing greater conjugated double bonds with higher yellowness index appeared to exhibit better mechanical performance than the RB-H/VB blends.  The amount of conjugated double bonds was not a linear function of the discoloration level of PVC compounds.  Tensile strength of the VB compounds was not affected when incorporated with RB-F recyclate, but progressively decreased with increasing RB-H recyclate.  An optimum concentration for RB recyclates to be added into the virgin compd. was recommended for obtaining a maximum impact strength.  Both tensile and impact strengths decreased with increasing UV exposure time, a severe degradation being obvious after a UV exposure time of 21 days.  Hardness was not affected significantly by the addition of PVC recyclate, but increased with increasing UV exposure time.

Processability, Rheology, and Thermal, Mechanical, and Morphological Properties of Postconsumer Poly(vinyl chloride) Bottles and Cables, N. Sombatsompop et al

Abstract

The processability, rheology, and thermal, mechanical, and morphological properties of three different commercial poly(vinyl chloride) (PVC) compounds blended with post-consumer PVC bottles and PVC cables were examined with respect to the recycled PVC content. The addition of PVC bottle recyclates [recycled bottles (RBs)] into virgin PVC bottle (VB) and virgin PVC pipe (VP) compounds caused a progressive reduction in the average torque. No thermal degradation or colour change in the RB-blended PVC compounds used was detected through carbonyl and polyene indices from IR analysis. The rheological properties for VP compounds were more sensitive to RB addition than those of VB compounds. The extrudate swell ratio did not change with the RB content. The decomposition temperature for the VB and VP compounds increased at 60-80% RB, whereas the glass-transition temperature was unaffected by the RB loading. The 20 and 80 wt % RB loadings were recommended for the VB and VP compounds, respectively, for the optimum impact strength, the blends showing ductile fracture with a continuous phase. At the optimum impact and tensile properties, introducing RB recyclates into the VB compounds gave better results than the VP compounds. The hardness and density of the VB and VP compounds did not change with the RB content. The RB property change was comparatively faster than that of recycled PVC pipes. Adding the PVC cable recyclate [recycled cable (RC)] to virgin PVC cable (VC) had no obvious effect on the torque value of the RC/VC blends. The decomposition temperatures of the RC/VC blends stabilised at 20-60% RC and tended to decrease at 80% RC. The ultimate tensile stress was improved by the addition of the RC compounds, whereas the hardness and density of the VC compounds were unaffected by the RC content. It was concluded that the optimum concentrations of PVC recyclates to be added to virgin PVC compounds were different from one property to another and also depended on the type of virgin PVC grade used. 

The effects of heat treatment and ageing on the mechanical properties of rigid PVC, Yarahmadia et al

Abstract

Recycling of PVC materials from old buildings demands knowledge about changes in properties due to long term ageing. Changes in elongation at break are the most sensitive measure of changes in the status of PVC materials. Indoor profiles made of unplasticised PVC, both new and more than 20 years old, were annealed at temperatures in the range 50-190 DGC for periods varying from 1 h to 143 days. The effects were examined mainly by elongation at break measurements and differential thermal analysis (DSC). A dramatic decrease in elongation at break was observed upon heat treatment at various temperatures both below and above glass transition temperature (Tg ). However, when the new and old materials were re-extruded, the original values of elongation at break were obtained again. A decrease of elongation at break in samples annealed at temperatures below T sub g was explained by the effect of physical ageing, while a decrease of elongation at break in samples annealed at temperatures above Tg was explained by the annihilation of the orientation in the materials. This hypothesis also explains why the original elongation at break was not attained by any heat treatment but by re-extrusion only. The DSC thermograms of the untreated, extruded materials were composed of an exothermal peak immediately above Tg , which continuously passed over into a broad melting endotherm. This exothermal peak remained after heat treatment at temperatures below Tg but disappeared in the DSC thermograms when the materials were heat treated above Tg. The exothermal peak was resurrected by re-extrusion only. Our interpretation of the DSC results was that extrusion causes orientation in the material, producing mesomorphic structures with chains aligned but not packed. Those structures can easily crystallise when heating above T sub g , resulting in the crystallisation peak in DSC. 

Analysis of the operational properties of secondary polyvinyl chloride., R.A. Andrianov et al (written in Russian)

Abstract

The ecological aspects of utilisation of PVC-based products were considered, recycling procedure and technology were elaborated. The basic physico-mechnical properties are given for the reclaimed PVC sheet.

Effects of repeated extrusion on the properties and durability of rigid PVC scrap, Yarahmadi et al

Abstract

Determining retained properties and durability are among the most important tasks when evaluating the possibility of mechanical recycling of plastic waste. In this investigation, profiles made of rigid PVC have been studied after various numbers of repeated extrusions to gain knowledge about the changes of properties and durability after conventional processing. New indoor profiles of PVC were re-extruded, from one to five times without adding new additives. The material was characterised after each extrusion using measurements of colour, degree of gelation, stress-strain at break and UV-Vis-NIR spectroscopy. The durability of the material was evaluated by accelerated ageing in ventilated heat ovens with low laminar airflow, at various temperatures. Changes in elongation at break, colour and chemical characteristics, depending on degradation, were measured and compared for the material after each extraction and various periods of ageing time. The material showed an improvement of mechanical properties after the second extrusion. This is explained by an increase in the degree of gelation of the PVC material. The main colour change due to repeated extrusion was yellowing ( Delta b). In accelerated heat ageing, the main colour change was towards red ( Delta a) and a change in greyness ( Delta L,) as a result of thermal dehydrochlorination. The activation energies of the degradation were also determined for the material after each re-extrusion and were found to decrease with an increasing number of extrusions. The estimated lifetime for indoor use at room temperature for the material after five extrusions was one-third of the lifetime of the material extruded only once. Despite this finding, a long lifetime can be expected even for the material subjected to five consecutive extrusions, making the material suitable for mechanical recycling.

Rheology, morphology, and mechanical and thermal properties of recycled PVC pipes, N. Sombatsompop et al

Abstract

This article demonstrated the possibility of recycling PVC pipes by investigating the effect of adding PVC pipes (varying from 0 to 80% wt) into two commercial PVC virgin grades on the rheological, morphological, mechanical, and thermal properties of the PVC blends. The results obtained showed an increase in the melt viscosity and no change in the die swell ratio as the concentration of the recycled PVC was increased. The die swell ratio was observed to increase with temperature, this being associated with the presence of gelation that occurred at high temperature. The optimum tensile and impact strengths were detected, the impact strength being explained by use of SEM micrographs of the fracture surface. The hardness result corresponded well to the density of the compounds. The glass transition, degradation, and heat-deflection temperatures were also found to shift with the recycled PVC loading.

Use of post-life wastes and production wastes in thermoplastic polymer compositions, E. Kowalska et al

Abstract

Voluminous post-life wastes and production wastes pose the paramount environmental problem of our times.  One major problem is how to reuse post-life wastes: spent plastics, rubber scrap, mainly worn-out automobile tires, waste paper and production wastes: wood pulp or powder and particularly the wastes arising in the production of fertiliser, the phosphogypsum.  At ICRI we have been conducting studies on re-utilising these wastes by using them as individual or combined additives in polymer compounds which are prepared. as blends with virgin and also with end-of-life recycled polymers.  These novel compounds can serve for following applications: - porous pipes intended for irrigation.  - Vehicle parts in the automobile industry.  - Tiles or floorings in the building industry.  - Road safety and traffic control equipment - sound-absorbing screens in the deafening facilities erected along motorways.  - Packing in biol. wastewater treatment - biodegradable flower pots buckets, fence elements and like profiles.

Thermoanalytical investigations for the recycling of PVC, G. Matuschek et al

Abstract 

Within a research project for the recycling of soft poly(vinylchloride) (PVC), analytical work has to be done. On the one hand, the raw material for the process needs to be checked for PVC content and for additional polymers and on the other hand, the recycled PVC needs to be characterised. In both cases, thermoanalytical methods especially coupled methods with gas analysis systems, can deliver suitable information for this characterisation. The different investigations are presented, and evaluated regarding their informative capability.

4.2.5 Stabilisers and PVC Recycling

Influence of additional thermal stabilisers on the reprocessing of postconsumer poly(vinyl chloride) bottles, S. Ulutan

Abstract

The addition of heat stabilisers is essential for preventing the degradation of poly(vinyl chloride) (PVC) during its processing. The heat stabilisers consumed in the first run have to be made up before the reprocessing of recycled PVC. In this study, solvent-cast films, which were prepared from granulated postconsumer PVC bottles mixed with plasticisers and thermal stabilisers, were used. The films were subjected to various heat treatments. No considerable structural change upon heat treatments at 140-160 deg C was found in IR and differential scanning calorimetry analyses. Polyene formation observed through ultraviolet analysis was not severe, indicating that the added stabilisers worked well in preventing degradation. The weight loss during the heat treatments was attributed partly to the decomposition of PVC and the evaporation of volatile components and mainly to the removal of the solvent upon heating. Although this study was conducted with water bottles that were to be recycled, it may be equally well applied to other similarly formulated PVC-based materials, such as packaging films.

4.2.6 Summary of Secondary PVC recycling

Many scientific papers have been published in the area of PVC recycling. As a consequence a significant number of review papers have also been published. The review of mechanical recycling by Prognos highlighted that the majority of mechanical recycling of PVC currently taking place in Europe is of pre-consumer material, i.e. industrial waste. Post-consumer recycling only accounts for 3% of total recycling due to adverse economics. However the report suggests that changes in legislation will lead to an increase in mechanical recycling across Europe due to the increased costs of other treatment options that are currently used such as landfill.

The reviews written by Dietrich Braun also indicates that mechanical recycling of PVC is most successful where a large quantity of known, ideally single sourced, material is available to be processed. However markets for secondary products must be developed if material recycling is to be successful. At a more technical level, his review also suggests additional stabilisation with calcium carbonate and the use of chalk fillers to increase the heat stability of the reprocessed polymer.

The review written by Bradford University for WRAP focuses on the potential for post-consumer recycling in the UK. High volume waste streams such as windows, pipes and floorings are available and suitable collection routes are suggested. Recycling solutions that are most beneficial economically and environmentally are also highlighted. For example, it is suggested that PVC flooring be recycling via melt filtration or the Vinyloop process.

Several papers have also been identified that look at opportunities for recycling of PVC from a variety of specific applications. Three papers looked specifically at the recycling of PVC flooring, two of which focused on a closed-loop. In Yarahmadi’s work it was found that the degradation due to recycling did not alter the suitability of the product for subsequent use in the same application. Closed-loop recycling of flooring without upgrading or the addition of new plasticiser was therefore possible. One of the papers concerned the recycling of flooring into construction blocks to give good thermal and sound insulation.

Two interesting papers looking at the recycling of PVC for subsequent use in cable applications were also found. Historically closed-loop recycling of cable sheathing has been difficult as the separation technologies available for not produced a polymer with a high enough specification. However, work by Murata has overcome this problem and the paper suggests a closed-loop recycling system for cable and wiring. The other paper describes a method for recycling agricultural film into cable sheath materials through the addition of plasticisers and heat stabilisers.

A variety of papers were also found that directly addressed the issue of changing polymer properties sue to recycling. Three papers by Sombatsompop look at structural changes to virgin PVC with the addition of recyclate. In this work changes in a range of important polymer properties were noted for different quantities of recyclate added to the mix. Recommended maximum recyclate rates are suggested. The work by Sombatsompop focuses on closed-loop systems where polymers from the same application are added to virgin polymer. PVC pipes, bottles and cables were all considered.

Yarahmadi also investigated changes in polymer properties due to recycling of rigid PVC used in building construction. In this work it was found that although several polymer properties were adversely affected by ageing, when re-extruded the original values were again obtained. Further work found that such structures could be re-extruded up to five times before the properties were such that they were not longer suitable. As a consequence re-use of the polymer in the same application was possible.

One paper was found that looked at the use of industrial wastes as additives during recycling. Wastes such as was polymers, tyres, rubber and wood were utilised to produce recyclate for re-use in a variety of industries. Examples in the automotive, flooring and agriculture industries were given.

4.3 Tertiary Recycling – Chemical Recycling Methods

4.3.1 Current Industrial Applications

REDOP – Reduction of iron in blast furnace plants by plastics from waste (mixed plastic waste from municipal solid waste).

Chemical Recycling of Plastics Waste (PVC and other resins), TNO report for DGIII
.

In 1999 TNO published a report which investigated the chemical recycling of PVC and other plastic wastes that were currently being carried out within Europe The study was one of several that looked at different aspects of PVC waste management that were commissioned by the European Commission’s DGIII committee. The overall aim of these studies was to help define policy within Europe regarding end-of-life management of PVC products.

Abstract

The aim of this particular project was to analyse the role that chemical recycling may have in a future European system for PVC waste management. Since both rather pure PVC waste and mixed plastic waste (MPW) containing PVC may in principle be treated by chemical recycling, this study cannot concentrate on PVC alone. Chemical recycling of PVC will therefore be treated within the broader context of chemical recycling of plastic waste. More specifically, the Terms of Reference (ToR) for the project asked us to address the following elements:

1. making an inventory of all current research programmes, pilot projects and commercial plants involved in the chemical recycling of plastics;

2. evaluating the technical issues related to the chemical recycling of plastics;

3. evaluating the possible future scenarios in the field of chemical recycling, including a forecast of probable industrial investments (member state by member state);

4. describing the effects on the environment and the risks, analysing costs and benefits, and making a comparative assessment of the environmental, economical and technical aspects of the various technologies for chemical recycling, mechanical recycling, and incineration with energy recovery for PVC and mixed plastics containing PVC.

The TNO report although focussing on the chemical recycling of PVC wastes also looked at mixed plastic wastes as well as briefly looking at competitors to chemical recycling including mechanical recycling and cement kilns. As the report was published in 1999 some of the findings within the report are somewhat out of date and therefore further research has been carried out here to bring developments in technology up to date where possible.

4.3.1.1 PVC Rich Waste

Vinyl Loop

The Vinyloop process has been developed by Solvay to recover, by means of precipitation, “regenerated” PVC from a solution of post consumer PVC waste and appropriate solvent
. The process was developed in response to a request by one of Solvay’s customers Ferrari Textiles Techniques in Ferrari to ensure recyclability of its products. The process begins with dissolution of small polymer particles into a solvent that is able to extract the PVC compound leaving any secondary material such as additives undissolved. The two phases are then separated and the PVC is precipitated. It is at the precipitation stage that new additives can be added to the regenerated PVC so that a formulation suitable for a particular application is obtained. The process is closed and consequently over 99.9% of the solvent is recovered and re-used in the system.

The process has been shown to work with waste from a variety of industries and the regenerated compound can be utilised in the production of cables, foils and hoses. Currently only one Vinyloop plant has been built in Ferrari. A new plant is being considered in Japan which would be operated by Kobe Steel.

The main advantage of this process is that is can handle PVC-only waste. This is in contrast to many other industrial recycling processes that can only accept PVC waste in much smaller proportions when mixed with other polymer or municipal wastes.

Teknor Apex Co. of Pawtucket, R.I., is studying the feasibility of building a plant to recover flexible PVC from wire and cable, coated fabric, auto instrument panels, flooring, and other multi-material products. Teknor would license the Vinyloop recovery technology of Solvay S.A. of Brussels, Belgium. 

Linde Gasification Process

Linde KCA in Germany is offering a process to gasify waste materials in a slag bath. The basic technology was developed in the 1950s for gasification of lignite and coal. The process was made suitable to treat PVC waste with the following objectives:

· maximum possible conversion of the chlorine contained in the PVC into an HCl gas suitable for use in oxichlorination;

· maximum possible conversion of the chemically bound energy of the waste PVC into other forms of energy;

· disposal of the unavoidable waste products of the process in a way complying with environmental regulations.

The European Council of Vinyl Manufacturers (ECVM) recently pronounced a preference for this process for the treament of PVC-rich waste. They regard the process as robust and economical. A pilot plant based on the Linde process is currently planned, supported by a financial commitment of 3 Million Euro from ECVM. The task of building the pilot plant has been assigned to Solvay’s Tavaux plant, located in the eastern part of France. Work on building the unit will start this year to enable the unit to be operational towards the second half of 2000. Depending on the results obtained with this pilot plant, and other considerations, a decision on a large-scale plant with a capacity of about 25,000 tpa will be taken. It is unlikely that such a large-scale plant will be operational before 2005.

BSL Incineration

BSL Olefinverbund GmbH (80% DOW, 20% BvS) in Schkopau is building a plant for the processing of chlorine-containing fluid and solid waste streams. These waste streams originate from all kinds of sources, amongst others, production waste of BSL and DOW, but also Hg-contaminated sludge from waste water treatment installations. The goal is to process the waste by thermal treatment and to produce HCl using the energy from the process itself. The HCl produced will be used by BSL Schkopau in other processes, most notably membrane electrolysis for chlorine production. The plant will be based on a rotary kiln and will have a capacity of 45 ktonnes per year (i.e. not only PVC waste) with a heat production capacity of 25 MW at ca. 7500 production hours per year. Some 15,000 tonnes of this capacity is available for PVC, in relation to average caloric value and mix of different waste aggregations that the kiln can handle (see also page 26). Tests with mixtures of PVC waste and other waste have been carried out in the Stade, DOW kiln. The BSL incineration started up in mid-1999.

Update of BSL Taken from Vinyl 2010 Progress report for 2004

Since 1999 Dow has operated a commercial feedstock recycling plant at its Schkopau site near Leipzig. The plant technology is proven, robust and able to manage large quantities of many different types of widely used PVC waste products.

A prerequisite for practical success is the management of logistics and pre-treatment of the PVC waste. In 2002-2003 the German waste management company ASCON GmbH undertook trials as a ‘clearing house’ between the suppliers of PVC waste and the plant, in a field test to provide important, quality statistical data, including the economics for managing the logistics. In the trial, 1,027 tonnes of PVC were successfully processed and the recovered chlorine used on site for new VCM/PVC production.

The trial has given information about the specific handling requirements of PVC waste, and important intelligence about financial aspects of this type of recycling. Cost competitiveness is now the key criteria when deciding on larger quantities of PVC waste to be processed at this plant.

NKT Pyrolysis Process

The investigation into the treatment of PVC cable waste started in 1993 on a laboratory scale and was continued in 1995 on a semi-technical scale. This project was financed by the Danish Environmental Protection Agency (EPA) and NKT Research Centre. During the period February 1998 - June 1999, a PVC building waste project was carried out. In this project, the process was optimised for the treatment of mixed PVC building waste on a semi-technical scale. This project is financially sponsored by the Danish EPA, the NKT holding, ECVM and the Norwegian company Norsk Hydro.

Furthermore, a pilot plant project was started in September 1998 and is due to finish in August 2000. This pilot plant project is financed by the Danish EPA and NKT Research Center. As part of the pilot plant project, a pretreatment plant for the treatment of about 1,000 ton/yr mixed plastic waste and a reactor for the treatment of 200 ton/yr of PVC waste are now under construction. Currently, the process exists on a semi-technical scale. The pretreatment section now exists as a pilot plant, while the pilot plant PVC reactor is still under construction.

The pilot plant may treat up to 250 kg/hr of mixed plastic waste. The PVC reactor may treat up to 1,800 kg/day of pretreated PVC waste. The feasibility of a full-scale demonstration plant is under consideration. NKT is evaluating the technical and economic feasibility of a 15,000 ton/yr plant for mixed PVC waste. The PVC reactors planned are being built in units each capable of treating about 1,700 ton/yr. There will be about 6-8 units, able to treat about 10,200 - 13,600 ton/yr of pretreated PVC waste. The number of reactor units will depend on the actual

composition of the incoming plastic waste material.

No decision has been made yet for starting up this demonstration plant for both technical and commercial reasons. The process has to be tested on the pilot plant scale for its reliability, reproducibility, product purities, treatment economy, etc. In addition, uncertainty exists on collected PVC-waste availability, composition and also treatment prices.

Akzo Nobel Steam Gasification Process

Akzo Nobel, as a producer of chlorine and vinylchloride, started to study a process for feedstock recycling of mixed plastic waste containing PVC in 1992. Based on an investigation of all known processes, Akzo Nobel chose in 1994 to use fast pyrolysis technology in a circulating fluid bed reactor system. This technique has been developed by Battelle, Columbia, USA, for biomass gasification. Akzo Nobel has conducted small-scale pilot plant tests (20-30 kg/hr) with PVC cable and pipe scrap. With support from ECVM, experiments on a larger scale (200-400 kg/hr) were carried out with mixed PVC waste (incl. artificial leather, roofing, flooring and packaging material). The results were promising. While the project is on hold momentarily, plans exist to build a large-scale plant (50 ktonne per year) as soon as financing has been arranged. This new plant will start up 5 years after the decision that the plant will be built. It is not certain when that will be.

4.3.1.2 Mixed Plastic Waste

BP Polymer Cracking Process

BP Chemicals together with a consortium which initially included Elf Atochem, DSM, Fina and Enichem has been involved in developing the polymer cracking process since the early 1990s. The process is based on fluidised bed technology and development was successful to the point of pilot plant scale at BPs Grangemouth site in 1994.

4.3.1.3 BASF Feedstock Recycling Process

The BASF feedstock recycling process
 was design to chemically recycle the mixed plastic waste collected via the German DSD collection system
.

4.3.1.4 Other Mixed Plastic Recycling Processes included in the TNO Report.

· Veba Combi Cracking Process

· Texaco Gasification Process

· SVZ Gasification Process

Progress in PVC feedstock recycling, R. Buhl

Abstract

This review discusses PVC recycling projects under investigation and the results obtained so far, while development work continues.  The PVC industry is actively involved in the development of recycling solution. For contaminated mixed plastics waste streams with high PVC content. Potential technologies for achieving this goal are tested at present on a pilot scale.

4.3.2 Current Research Work on PVC Tertiary Recycling

Dechlorination of chlorine-containing polymers for thermal recycling., Y. Muraoka et al (Patent written in Japanese) 

Abstract

The process for giving Cl-free fuels from plastic wastes, involves dry-distg. the Cl-contg. polymers, pulverizing the distd. products, sieving the granules to sep. coarse particles and fine powder, and recovering the fine powder.  Thus, poly(vinyl chloride) was dry-distd., milled, and screened to give 0.85 mm-mesh sieve-passed powder showing Cl content 0.09% and calorific value 8500 kcal/kg.

Thermal Decomposition of Polyvinyl Chloride for the Removal of Chlorine, K. Wakimoto

Abstract

Recently, the Japanese steelmaking industry has developed innovative technology for recycling general-purpose waste plastics at their iron and steelmaking complexes. When heated at elevated temperatures, polyvinyl chloride (PVC) decomposes to HCl and polyene, a process which is known as dehydrochlorination and is expressed as [CH sub 2 CHCI] sub n = n (HCl) + [C sub 2 H sub 2 ] sub n . If the resulting polyene is free from chlorine, it can be used as a reducing agent or fuel for blast furnace ironmaking. The present study revealed that if dehydrochlorination of PVC is conducted at temperatures greater than 623 K, it is possible to eliminate chlorine from the reaction products [C sub 2 H sub 2 ] sub n .

Preparation of activated carbon fibers from polyvinyl chloride, W.M. Qiao et al

Abstract

Waste polyvinyl chloride (PVC) contains high content of chlorine, which is believed to liberate dioxine at its combustion. Efficient removal of chlorine from PVC achieved by selecting the heat-treatment conditions provided free-chlorine PVC based pitch by a two-stage heat-treatment process. The obtained pitch (softening point 218 DGC) was spun, stabilized, carbonized and activated to prepare activated carbon fibers (ACF) whose DeSOx activity was tested preliminarily and found comparable to other ACF.

Method for recycling halogen-containing synthetic resin wastes without generating dioxins, S. Aikawa (written in Japanese)

Abstract

The method contains adding fat and oil (edible heavy oil wastes, e.g., fatty acid glycerides, preferably) to the wastes, liquefying resin components by solvation thermal decomposition so as to separate them from insoluble components (e.g., metals, inorganic substances) and oils and recover halogens in halogenated additives as H halides, and sepg. the liquefied resin components into light oil components (useful for fuels and cutting oils) and heavy oil components (useful for asphalts, adhesives, coatings, and inks) by vacuum distillation., thus enabling recycle of elec. appliance wastes containing the additives, e.g., Br-type fireproofing agents, chlorinated

Basic study on treatment of waste polyvinyl chloride plastics by hydrothermal decomposition in subcritical and supercritical regions, Y. Takeshita et al

Abstract

We are developing a process for treating waste plastics in an environmentally friendly way.  The increased awareness of possible problems caused by waste PVC plastics is leading to a need to develop a reliable technique for treating them in a safe and environmentally friendly way, i.e., in a way that does not lead to the release of chlorinated org. compds.  We focused on using water vapor at sublimation pressure and subcrit. and supercrit. water as solvents for treatment.  We found that the chlorine in PVC dissolved in water as hydrochloric acid, and no harmful chlorinated org. compds. were obsd. in the liq. and gas fractions after treatment at 300  DegC.  Between 250 and 350  DegC, this technique produced polyene as a residual solid, and low-mol. wt. arom. and aliph. Compounds in the liquid. and gas fractions.  Further decompn. at over 350  DegC in supercrit. water produced acetone, phenol, benzene, benzene derivs., and aliph. alkane and alkene in the liq. and gas fractions.  The combustion enthalpy of the residual solid was 9270 kcal/kg, which is in the same range as the values for coal and coke, so it has good potential as a fuel ingredient.  This technique is promising for establishing a non-toxic and almost perfectly closed system for the treatment of waste PVC in a sustainable society.

Industrial recycling of PVC composites, G. Frobose (written in German)

Abstract

A recycling system for PVC composites such as cables and flooring material is presented, involving dissolving shredded composites in Me Et ketone and precipitation. of the PVC to give granules containing additives from the original product.

Plasticiser leaching from flexible PVC in low temperature caustic solution. S.M. Shin et al

Abstract

By separating plasticiser using alkali solution at low temp., the recycling of PVC and plasticiser is possible.  A low temperature leaching process was developed and the performance of the process investigated.  An experimental study using various concentrations of NaOH solutions at different temperatures and processing time shows that treatment with 5 M NaOH solution at 100ºC gives a selective separation of the plasticiser without dechlorination of PVC.  Surface changes of the treated PVC have also been examined.

Recycling waste plastics into paint, F. Ren (Patent written in Chinese)

Abstract

The process of recycling waste plastics into paint comprises the steps of: dissolving and reacting waste plastics in ethanol and acetone (at a ratio of 6-7:1.5-2:1.5-2) at a temperatures lower than 100ºC removing the impurity after settling for 1 h, and grinding.  The waste plastics can be polystyrene, polyvinyl chloride, polyethylene, etc.

Method and apparatus for continuous recycling of poly(vinyl chloride), H. Yamamoto et al (Patent written in Japanese)

Abstract

Title process comprises (A) removing insoluble. solids from the heated mixture of plastic wastes and solvents capable of dissolving poly(vinyl chloride); (B) contacting the obtained solution. with hot water to remove the solvents and precipitating. poly(vinyl chloride) in the water; and finally (C) separating the precipitated poly(vinyl chloride) from the water.

Recycling process of polyvinyl chloride via hydrothermal treatment, S. Yoshida (Patent written in Japanese)

Abstract

Title method is carried out by the steps of (I) loading polyvinyl chloride waste into water, (II) hydrothermal treating under inactive atm. At pressure >=1 mPa and temp. >=250 Deg, and (III) solid-liq. sepg. the mixts.

Vinyloop. A new process for recycling PVC, F. Gay Puig, (Journal  written in Spanish)

Abstract

A mech. recycling process for PVC, the Vinyloop process, was developed which allows for recovery of PVC from complex waste mixtures, where separation is difficult or impossible.  The process is based on selective dissolution of PVC using a biodegradable org. solvent, followed by separation by precipitation., filtration, and drying.  The solvent is evaporated using steam and recovered by condensation in a closed loop, for reuse.  The PVC obtained has characteristics comparable to those of virgin PVC and can be used in high-end applications.

Recycling of PVC materials: First industrial plant in Ferrara, R. Beck (written in German)

Abstract

A review on the PVC recycling process Vinyloop, based on selective solubilization, and its industrial realization.

Thinking in circles, Crucifix et al

Abstract

A sustainable development does not only imply a pos. impact of industrial activities on the environment, but it also concerns the increase in standard of living of more human beings.  Plastics consumption is undoubtedly part of such progress.  Therefore Solvay started a project of recovering PVC from waste plastics.  Vinyloop is a new process that regenerates PVC compounds out of PVC composite residues.

A second life for PVC. Additives alter properties., J-M. Yernaux et al (written in German)

Abstract

A review on principle and technical realisation of vinyloop process for PVC recycling.

The PVC loop closed. Recycling of PVC composites, J.M Yernaux
;

Abstract

PVC is very frequently used in combination with other materials, for example in cables, films, tarpaulins and floor coverings. In these applications, the PVC is in company with copper, aluminum, polyester, and glass fibers. A new recycling process selectively dissolves the PVC in composite products. The end product is a clean PVC compound in powder form that may be used without further processing, such as melt filtration or granulation, and in some cases may even be employed in the original application  (closed-loop recycling).

Pyrolysis of polypropylene/polyethylene/polystyrene and polyvinyl chloride mixed plastics using CaCO3., T. Bhaskar et al

Abstract

Recycling halogenated waste plastics poses serious problems. Polypropylene/ polyethylene/ polystyrene/ polyvinyl chloride were pyrolysed using CaCO3 sorbent to remove the Cl during the process.  The presence of water (10 wt. percent) in the plastic mixture. did not affect the liq. Product characteristics nor dechlorination efficiency of the CaCO3 sorbent. Halogen-free liq. products can be used as refinery or fuel oil feedstock.

Gaseous products of pyrolysis of polymer compositions based on polyvinyl chloride, V.N. Martsul (written in Russian)

Abstract

The composition of gaseous products formed in the process of pyrolysis at 200-800 ºC from pure PVC, PVC plasticised with 25% di-Bu phthalate, and PVC containing 25% CaCo3 filler was compared.  The amount of aliphatic., aromatic., and polycyclic degradation products depended on the degradation temperature as well as on the composition of the sample. A mechanism of formation of various degradation products is presented. The study is of importance with respect to pyrolysis of waste PVC, utilisation of degradation products, and assessment of the environmental impact of waste PVC processing.

Study on Characterization of Pyrolysis and Hydrolysis Products of Poly(vinyl chloride) Waste, J. Lu et al

Abstract

This article is concerned with the identification and quantitative determination of the pyrolysis and hydrolysis products of PVC. Poly(vinyl chloride) PVC pyrolysis and hydrolysis are conducted in a fixed bed reactor and in an autoclave, respectively, under different operating conditions such as the temperature and time. The product distribution is studied. For the PVC pyrolysis process, the main gas product is HCl (55% at 340DGC), there is 9% hydrocarbon gas (C1-C5), the liquid product fraction is about 5% (at 340DGC), and the solid residue fraction is about 31% (at 340DGC). For the hydrolysis process, the main gas product is HCl (55.8% at 240DGC) and the solid residue is about 49.6% (at 240DGC). The pyrolysis liquid product is analyzed by using gas chromatography with magic-angle spinning. Aromatic hydrocarbons are the main class (90%), of which the major part is benzene (33%). The residue produced through pyrolysis and hydrolysis is investigated by high-resolution solid-state exp 13 C-NMR. These details revealed by the high-field NMR spectra provide important information about the chemical changes in the PVC pyrolysis and hydrolysis process. The mechanism of PVC hydrolysis dechlorination is also discussed.

Waste gasification and smelting system using oxygen blowing based on ironmaking and steelmaking technologies. T. Yamamoto et al

Abstract

A waste gasification and smelting system, using ironmaking and steelmaking technol. based on high-temp. metallurgy, has been developed.  This system has the basic concepts of steady operation by using top and sideways blow oxygen lances, production. of dioxin-free high calorie purified gas, and production. of high-quality slag.  These concepts were clarified by tests using a bench furnace with capacity of 2-ton/day based on municipal waste.  A 20-ton/day demonstration plant was operated according to the 2-ton/day bench furnace results, and this system can steadily gasify and melt municipal waste. Furthermore, this system was used for treatment and recycling of plastic waste including polyvinyl chloride.  The 2-ton/day bench furnace system can steadily gasify and melt plastic waste including polyvinyl chloride the same as municipal waste.  As a result of gasification in the high temperature reduction atmosphere and rapidly quenching, dioxin-free high calorie purified gas can be produced.  Ash components in the plastic waste are smelted, and a heavy metal-free high-quality slag was produced.  Most of chlorine in plastic waste is converted into hydrogen chloride, which can be recovered as chlorine or hydrochloric acid.

In 2000 Slapak and colleagues at the University of Eindhoven in the Netherlands
.carried out research into the gasification of post-consumer PVC. They used a bubbling fluidised bed with steam to gasify the polymer on a bench scale, then utilised Aspen Plus to determine mass and energy balances. The composition of the PVC was determined using data from the European Council of Vinyl Manufacturers (ECVM) from a variety of waste streams including flooring, packaging, cables, windows and roofing. The PVC was gasified at a temperature of 1250K (977ºC) using steam and the reaction products including syngas (with a heating value of 8.6MJ/Nm3), CaCl2 and HCl were collected. The HCl was separated using extractive distillation using CaCl2 at atmospheric conditions. Its recovery for use in subsequent PVC production is accounted for in the estimation of the proposed gate fee for a 50,000 ton/year plant. A gate fee of €67/ton PVC is proposed assuming €140/ton HCl can be achieved. It is suggested that such a gate fee is low compared to incineration and therefore makes the process economically feasible. The authors however suggest scope for further work in this research area. Large amounts of CaCl2 are produced as a by-product and it is suggested that alternative reactor designs that would allow dehydrochlorination at lower temperatures improving HCl yields and reducing those of CaCl2 making the whole process more favourable economically. The abstract is given below.

Design of a process for steam gasification of PVC waste, M.J.P. Slapak
, J.M.N. van Kasteren, A.A.H. Drinkenburg, Resources, Conservation and Recycling 30 (2000) 81–93

Abstract

One possibility for recycling of PVC waste is steam gasification in a bubbling fluidized bed reactor. The main products are syngas, employable for energy recovery and HCl that can be reused for PVC production in an oxychlorination plant. In this study the technical and economical feasibility of this process is investigated based on experimental data and the implementation of proven technology where possible. The design capacity is 50 kton waste:year. Mass and energy balances were determined by the simulation software package Aspen Plus. Equipment costs of the simulated equipment are estimated and the gate fee of the PVC waste is calculated with a discounted cash flow analysis. The produced syngas proves to have a heating value of 8.6 MJ:Nm3. Half of the chlorine, present in PVC waste, can be regained as pure HCl gas. The rest leaves the process as CaCl2 waste due to the presence of lime, added as a filler material to many PVC compounds. The total investment costs are 10 million EUR. The gate fee, needed to obtain an internal rate of return of 15%, is established at about 67 EUR. The gate fee proves to be very sensitive for variation in the investment costs and is strongly affected by the costs of CaCl2 disposal.

Borgiannia and co-workers in Rome published their work in 2002 on the gasification of waste containing PVC
. The waste used was refuse derived fuel (RDF) with added PVC in varying amounts. All work was carried out on a bench scale reactor with a two stage heating profile and a maximum temperature of 1000ºC. They found that addition of Na2CO3 to the waste mix (containing up to 20% PVC) before gasification efficiently removed chlorine from the resultant syngas to a level that was acceptable under Italian law. As a consequence they concluded that this syngas was suitable for use directly as local heating gas or to produce electricity. The abstract for this paper is given below.

Gasification process of wastes containing PVC, C. Borgianni et al

Abstract

Solid waste, in dealing with the growing presence of org. compds., esp. plastics, can be considered an important source of energy since they are inexpensive and easily obtainable materials.  However, the presence of polyvinyl chloride (PVC) in the waste can result in a recycling problem when thermal treatment is involved.  This work shows the possibilities of recovering energy from waste contg. PVC by a gasification process without addnl. dechlorination facilities.  Exptl. data obtained in a bench scale two-stage reactor indicate that the addn. of Na2CO3 in a blend contg. refuse-derived fuel (RDF) and PVC is efficient in eliminating chlorine from the produced off-gas.  On the contrary, the less expensive calcium compds. do not show a satisfactory chlorine removal.  A thermodn. simulation of the process substantially leads to the same results.  Starting the working conditions for gasifying waste blends contg. PVC in a scaled-up two-stage reactor can be predicted.  According to the simulation, the obtained syngas shows that the polluting compds. content is lower than the Italian law limit.  As a consequence, it can be used directly to obtain elec. Power and/or local heating.

Valuable oxygenates by aerobic oxidation of polymers using metal/bromide homogeneous catalysts, W. Partenheimer

Abstract

A method of plastics recycling by selectively oxidising 10 different polymers is demonstrated using homogeneous, liquid phase aerobic oxidation. In acetic acid with metal/bromide catalysts and in water using vanadium/bromide catalysts.  Some examples are the conversion of polystyrene to benzoic acid in 88% yield, polypropylene to acetic acid in 63% yield, polyethylene to a mixture. of succinic, glutaric, and adipic acid in 47% yield, poly(butylene)terephthalic acid to terephthalic acid and succinic acid, the latter in 37% yield, and poly(vinyl)chloride to succinic acid in 38% yield.

A new technology for treatment of PVC waste, C. Jaksland et al
 

Abstract

This paper presents a new environmentally sustainable technol. for chemical recycling of PVC waste.  The new technol. transforms PVC waste into completely new chem. products/raw materials.  The process is based on a combined thermal and chem. degrdn. of PVC in a reactor.  In the reactor, the chlorine from the PVC reacts with Ca fillers, producing calcium chloride.  The metal stabilizers (lead, cadmium, zinc and/or barium) are converted to metal chlorides.  Exploiting the influence of pH, temp., liq. to solid ratio, and comminution on the metal soly., metals and calcium chloride are sequentially extd. from the reaction product.  This occurs in a downstream multi-stage extn.-filtration procedure.  The products from the process are: (1) calcium chloride, which satisfies the specifications as thaw-salt, (2) lead (metal) product, which may be further purified and re-used, (3) coke, and (4) org. condensate, which may be used as energy resources for the process.  This paper presents the basis of the technol. in terms of reaction and sepn. principles, selected process equipment, and process design.  The economy of the process, environmental issues, and product purities/applications are addressed.

A new technology for treatment of pvc waste, C. Jaksland et al

Abstract

This paper presents a new environmentally sustainable technol. for chem. recycling of PVC waste.  The new technol. transforms PVC waste into completely new chem. products/raw materials.  The process is based on a combined thermal and chem. degrdn. of PVC in a reactor.  In the reactor, the chlorine from the PVC reacts with fillers producing calcium chloride. The metal stabilizers (lead, cadmium, zinc and/or barium) are converted to metal chlorides.  Exploiting the influence of pH, temp., liq. to solid ratio and comminution on the metal soly., metals and calcium chloride are sequentially extd. from the reaction product.  This occurs in a downstream multi-stage extn.-filtration procedure.  The products from the process are: 1) calcium chloride, which satisfies the specifications as thaw-salt, 2) lead (metal) product, which may be further purified and re-used, 3) coke and 4) org. condensate, which may be used as energy resources for the process.  This paper presents the basis of the technol. in terms of reaction and sepn. principles, selected process equipment and process design.  Further the economy of the process, environmental issues and product purities/applications are addressed.

Study on the Pressurized Hydrolysis Dechlorination of PVC., J. Lu et al

Abstract

Polyvinyl chloride (PVC) pressurised hydrolysis dechlorination was studied in an autoclave reactor under different operating conditions (temp., reaction time, alkali concentration.). About 95% of Cl in PVC can be effectively removed within 2 h at 240ºC in this hydrolysis process. The HCl yield increased and residue yield decreased with increased hydrolysis temp.  Residue structure was analysed using Fourier transform IR and SEM. This hydrolysis dechlorination process has advantages over thermal decomposition of PVC.

4.3.3 Summary of PVC Tertiary Recycling

There is a great deal of research activity in the field of PVC tertiary recycling, both chemical and thermal. PVC’s position in the waste stream (in municipal solid waste as well as mixed industrial wastes) has meant that some of the research has focused on a mixture of polymer waste that has a significant quantity of PVC in it rather than 100% PVC waste.

The TNO report gave an overview of several key processes for PVC recycling that were either fully operationally or at demonstration or pilot scale. The Vinyloop process, developed by Solvay, is the most developed technology for the treatment of PVC waste other than by mechanical recycling. Two industrial sized plants are already operational and there are plans for a third. Other technologies in the TNO that are operational up to pilot plant scale include the Linde gasification plant and the BSL incineration plant which can process 25 and 45 kt per annum respectively.

Research that is currently being carried out at bench-scale falls into three main categories: use of solvents to treat PVC, thermal methods such as pyrolysis and gasification, and miscellaneous others. Several papers have been published concerning the use of solvents to either regenerate or modify PVC. Many of these papers look solely at the Vinyloop technology, however progress is being made in other areas. A selection of papers use solvents such as water, methyl ethyl ketone, ethanol and acetone to remove chlorine from the PVC. The resultant hydrocarbon product has been shown to be useful as a fuel or oil feedstock. In one paper solvents were used to dissolve PVC to produce a paint.

A variety of pyrolysis, gasification and “heat treatment” methods were found in the literature. Many of the pyrolysis techniques utilised CaCO3 to remove chlorine from the polymer waste. Detailed investigations of the reaction products were carried out and many were found to have useful industrial applications. These included: calcium chloride as thaw-salt; lead metal that could be reused; carbon rich pitch for active carbon filters; and chlorine free syngas for use as a local heating gas or for electricity production.

4.4 Quaternary Recycling – Incineration

As part of the series of studies commissioned by the European Commission in the late 1990s a report was published Bertin in France that looked into the economic and environmental costs of incinerating PVC in municipal waste incinerators
.

The report focussed on the influence that PVC had on the following aspects of incineration:

· flue gas composition;

· heavy metal volatilisation; 

· fly ash residue – composition and quantity;

· hazardousness of all residues; and

· costs of incineration

It also examined:

· waste incineration processes within the EU;

· regulatory limits for emissions;

· PVC composition of various applications;

· PVC waste streams;

· co-incineration of PVC in cement kilns; and

· Incineration of PVC from different categories of waste stream

The conclusions drawn from the investigation included the following.

· End of life PVC, when dealt with by incineration, mainly involves Municipal Waste Incinerators, as Hazardous Waste Incinerators and cement kilns do not treat PVC rich wastes. PVC is also present in Hospital Waste which is incinerated

· Because of the wide range of uses of the PVC there is a correspondingly wide range of performance properties, and hence formulations, required. The content of pure PVC (resin) within the various formulations varies from 44% to 93%.

· PVC influence on MSW composition is mainly related to the Chlorine content of the waste to be incinerated: PVC is responsible for 38 to 66 % of the Chlorine content in MSW (5.3 to 7 kg Cl / tonne MSW). PVC only slightly influences the Heavy Metals (HMs) content in the MSW (it affects mainly Cadmium, as 10% of Cd in MSW is attributable to PVC). PVC influence on Lead content in MSW is assumed to be less than 1%.

· The presence of PVC in MSW has a direct effect on the quantity of Chlorine in the Raw Gas and therefore on the corresponding Gas Treatment required. The higher Chlorine content in the gas requires additional Neutralisation Agent supply and therefore affects the quantity of Residues or Effluents generated by the different Gas Treatment Systems (dry, semi-dry and wet).

The report by Bertin did not specifically look at the effect which PVC in the waste material affected the dioxin emissions. Some other research papers which look at the incineration of PVC and PVC mixed with other plastics are given below.

Formation of dioxins in thermal degradation of poly(vinyl chloride)-based polymer composites. V.T. Lipik (Journal  written in Russian)

Abstract

It was shown that the composition of PVC-based composites influences the composition. of combustion gas products.  For the pure PVC, the conditions of thermal degradation. that allow thermal oxidation and pyrolysis to be distinguished were detected. The composition of products arising from the thermal degradation of a plasticiser, di-Bu phthalate, was examined. Thermodynamic functions for the formation of dibenzo-dioxins and dibenzofurans from phthalates were calculated.

Products of incineration of plastics and their impact on environment. H.B. Patel

Abstract

A review with 24 references concerning products of incineration of plastics and their environmental impact is given.  Topics discussed include: incineration; plastics role in waste incineration; incineration products (particulate and combustible gas emissions); advantages and limitation of increasing content of plastics waste for incineration; combustion/incineration process; incineration products of synthetic and natural polymers; oxygenated plastics hydrocarbon-contg. plastics (polyethylene and polypropylene, polystyrenes/styrene polymers); SBR; Cl- and N2-contg. polymers/plastics (nylons, polyurethanes, ultra- and microfiltration resins, misc. N2-contg. polymers, fluorocarbon polymers, polyvinyl chloride and polyvinylidene chloride); other misc. plastics and their combustion products (polyester resins, epoxy resins, polyphenylene ether, polyphenylene sulfide, polyether sulfones); factors affecting products emissions (catalysts); incineration in pure O2; co-combustion; other pretreatments; environmental and health hazard and impact of various incineration emission products (CO and its health effects; SOx and their effect on humans, plants, building materials; NOx and their damaging effects; polynuclear hydrocarbons and their damaging effects; HCl; HCN; dioxins [exposure routes, polychlorinated dibenzodioxin/dibenzofuran sources, dioxin effects]); solid residues and fly ash; advantages and disadvantages of plastics incineration; and alternative techniques (pyrolysis, hydrogenation, gasification).

4.4.1 Work on Blast Furnaces

Method for recycling of waste plastics using blast furnace and gasification melting furnace in steelworks., T. Inoguchi et al (Patent  written in Japanese)

Abstract

Cl-contg. plastics are treated in a gasification melting furnace and recycled as H and CO-rich fuel gases.  Other waste plastics are recycled as reducing agents in a blast furnace.

Thermodynamic behaviour of chlorine in blast furnace slag, K.J. Myoung et al

Abstract

The plastic utilisation in the blast furnace (BF) as a substitutional fuel was developed as one of useful methods of recycling waste plastics, and commercialised in several ironmaking companies in Europe and Asia. Recently, the effort to introduce lower quality coal into blast furnace has been made due to economic and material problem. However, an injection of low quality coal and waste plastics into a blast furnace has many restrictions because low quality coal and waste plastics such as polyvinyl chloride (PVC) containing much chlorine can cause the generation of dioxine and HCl generation as well as the erosion of refractories. In order to develop the waste treatment system for the materials containing chlorine, thermodynamic behaviour of chlorine in blast furnace must be predicted and the evaluation of chlorine gas absorption into slags can be essential. To date, few thermodynamic properties of chlorine in molten BF slags have been reported. Recently, Morita et al. reported the solubility and dissolution mechanism of chlorine into CaO-SiO sub 2 -Al sub 2 O sub 3 , Na sub 2 O-SiO sub 2 -Al sub 2 O sub 3 and CaO-SiO sub 2 -Al sub 2 O sub 3 -Na sub 2 O slags. However, it cannot directly be applied to BF slags because the slag system tapped in BF is CaO-SiO sub 2 -Al sub 2 O sub 3 -MgO system. Thus, in the present study, the solubility of chlorine in the CaO-SiO sub 2 -Al sub 2 O sub 3 -MgO slag was measured at various compositions in a controlled atmosphere (p sub O(2) and p sub Cl(2) ). Also, the dissolution mechanism of chlorine into molten slags was clarified and the ability of slags to capture chlorine was estimated for various slag compositions by in terms of chloride capacity, C sub Cl(-).

Recycling of waste plastic packaging in a blast furnace system, Y. Ogaki et al

Abstract

Since October 1996, NKK has been operating a recycling system of industrial waste plastics as raw material for blast furnace. This NKK's recycling technology, in which waste plastics are used as a substitute for coke, a reducing agent of iron ore, has been officially authorized as a recycling method under the PWRL (Packaging Waste Recycling Law), and is now going to be applied to recycling of waste plastic packaging. A new technology of removing impurities, especially PVC, has become a key element in applying recycling system of waste plastic packaging to blast furnaces. Both at Fukuyama and Keihin Steel Works, NKK has constructed a new treatment plant to cope with the full implementation of the PWRL in April 2000.

4.4.2 Summary of PVC Incineration

Little information on the incineration of PVC was available from the abstracts found in the literature. The report by Bertin did however, highlight a few important points. The report concluded that the majority of PVC incineration is carried out as incineration of municipal solid waste rather than PVC-rich waste. The percentage of PVC in the MSW varied between 0.6 and 0.74% depending on the source of the waste. PVC’s influence on the products from MSW are mainly related to the chlorine content of the gas which consequently required additional neutralisation. PVC also affects the heavy metal content of the residue, although only slightly. The report did not specifically look at dioxin emissions, however some information on dioxins is presented earlier in this review (see pages 46 to 47).

4.5 Landfill of PVC Wastes

The behaviour of PVC in landfill, An Argus Report for DGXI

Abstract

The landfill of PVC wastes has been investigated by Argus of Germany (in conjunction with the University of Rostock, Carl Bro and Sigma Plan SA) as part of the suite of reports commissioned by the European Commission looking into PVC waste management. This report, “The behaviour of PVC in landfill” was completed in 1999 and focussed on the following aspects of PVC and the landfill of it:

· PVC applications and additives used;

· PVC waste arisings and the amount currently landfilled;

· the landfill process (inc. degradation processes and leachate management);

· the environmental impact of PVC landfill – literature survey of current research; and

· the behaviour of PVC under simulated landfill conditions

The conclusions from the study included the following.

· In Member States new landfills are designed with bottom liners and with leachate and gas collection and treatment systems. But, in 1994 uncontrolled dumps were still very common in some countries, and numerically, the majority of existing landfills had no leachate control at all. The most common form of active leachate management is collection and discharge to sewer, usually without pre-treatment. The greatest use of this route is for MSW landfills and in some countries as much as 60-80% of such sites discharge to sewer. Treatment of leachate most commonly consists of aerobic biological treatment, but may also include physical-chemical pre and post-treatment processes to remove trace organics, residual COD or dissolved solids.

· According to the findings from the literature survey and from our own analysis with regard to emissions resulting from the disposal of PVC in landfills, a contribution to the contamination of leachate and to gas occurs. The occurrence of phthalates in leachates and gas emissions is however not necessarily a direct result of the presence of PVC products in landfills. The presence of phthalates was detected in blank controls in our study and the same effect is reported from another study. Thus, disposed of materials may already be contaminated during the use-phase. Other substances, i.e. heavy metals and organotin cannot directly be attributed to the presence of PVC in landfills. Reported releases of these substances from PVC range at rather low levels. The results of our study with regard to losses of lead and cadmium from PVC products are not conclusive and cannot be quantified. The general view expressed in studies investigating the release of stabilisers from PVC products is that stabilisers are rather fixed in the PVC matrix and thus, the migration rate and mobility of lead from PVC is low. Nevertheless, the contribution to the contamination of leachate from the presence of PVC in landfills should not be neglected. Considering the very long time spans the materials will be exposed to landfill conditions also a very slow process will contribute to landfill emissions.

· Emissions to environmental media such as air, soil and groundwater is to be expected particularly from landfills without active environmental protection measures (old landfills). Furthermore, as there is evidence that phthalates, DEHP mainly, are not fully eliminated through current leachate treatment, even from landfill sites equipped with leachate collection system and treatment of leachate either on-site or off-site, emissions to aquatic ecosystems cannot be excluded. Regarding the contribution to contaminants of gaseous emissions and possible elimination through gas treatment no conclusions can be drawn at present. Traces of DEHP have been detected in condensates of gas emissions of lysimeters containing PVC samples, but also in lysimeters without PVC, other substances found could not be identified within the scope of this project.

· PVC waste is generally being disposed of in landfills as part of the municipal solid waste stream or together with commercial waste. The costs for landfilling in Member States are those for landfilling municipal solid waste and show a wide range of tariffs. There are a number of factors which influence the prices or tariffs for landfills amongst which the standard of the landfill, competition between different disposal routes, type and nature of waste being accepted are the important ones. Generally, no influence on prices or tariffs could be related or is expected due to the presence of PVC in municipal solid waste being landfilled. The quantity of PVC materials represents approximately 2.5% of landfilled MSW. The broadly estimated amount of lead introduced in landfills along with PVC products has shown a share of 28% of the total load of lead in MSW. According to literature lead stabilisers are rather fixed in the PVC matrix and thus, the migration rate and mobility of lead from PVC is low. No estimation about the contribution from PVC to lead contamination of leachate is possible. Leachate collection and treatment is generally necessary to eliminate heavy metals and no specific additional treatment measures attributed to the presence of PVC in landfills can be suggested.

· With regard to the phthalate load introduced in landfills together with flexible PVC products and the expected long-term emissions of these substances more general considerations appear to be appropriate. Based on the findings about gaseous emissions caused by PVC treatment of landfill gas would be necessary. Due to unidentified composition of the emissions no prediction about its fate and possible treatment methods can be concluded. The elimination of phthalates in leachates from landfills is, as outlined above, not completely possible with current usually applied leachate treatment methods. Technical solutions for leachate treatment are feasible, in Germany costs amount to ca. 25– 50 Euro/m³. However, due to the expected long time span of occurring emissions resulting from PVC in landfills and the technical guarantee for landfill liners the life span of the liner system needs to be prolonged and the leachate has to be monitored for long time when emissions of PVC to leachate should be eliminated completely.

· Considering the entire life-cycle of flexible PVC applications, short- and medium term emissions from landfills do not appear to be the most relevant source. Much more quantitatively important are short- and medium term emissions resulting from service-life and exterior use in particular. In general, emission via the atmosphere is quoted to be the main reason for the ubiquitous distribution of phthalates in environmental media.

· However, essential information is still lacking for an assessment of quantitative phthalate emissions from landfills. Data on accumulated amounts of PVC and phthalates in landfills were not available for this study. Furthermore, phthalate emissions in landfill gas are, according to our findings, likely to occur. As a consequence, although the extent of phthalate emissions from landfills is not predictable, they may be underestimated as a percentage of total phthalate emissions from flexible PVC.

The study has raised a lot of questions which have not been considered in this detail in earlier investigations and it is suggested that the following aspects should be further investigated:

· The PVC polymer of a thin flexible packaging foil has changed under thermophilic aerobic condition. This effect needs to be further investigated in order to identify the influence of temperature and microbial activity and possible interdependencies (interaction, synergy).

· The influence of different stabilisers and plasticisers on the attack on PVC in landfill

· Identification and investigation of the carcinogenic effects of the gaseous emissions (additives and metabolites)

· The quantitative load of PVC additives in landfilled MSW

· Accumulated quantities of PVC and PVC additives in landfills

· Identification of all additives used in PVC products, including those not previously investigated, and their behaviour in landfills (i.e. bisphenol A, chlorinated paraffins).

Landfilling PVC has also been linked with the emission of vinyl chloride monomer (VCM). However research carried out by Frank Keppler of Heidelburg University and published in Chemical & Engineering News in 2002 suggested that VCM can be found in groundwater due to the decomposition of humic acid, a major part of soil, rather than the presence of PVC waste
.

A study carried out by three universities (Hamburg, Linkoping and Gothenburg) into the behaviour of PVC in landfill found that the polymer was resistant to degradation under landfill conditions. The abstract of this report is given below.

Long-term behaviour of PVC products under soil-buried and landfill conditions, I. Mersiowsky et al

Abstract

The long-term behaviour of various PVC products was investigated in laboratory scale landfill simulation assays. Leachate and gas were monitored and PVC samples were analysed in order to assess whether a degradation of the PVC polymer or a loss of plasticisers (phthalic acid esters) or stabilisers occurred. Degradation of the PVC polymer was not observed. Some of the plasticised PVC products showerd a partial loss of additives. Furthermore, leachate samples from full-scale landfill sites were analysed for phthalates and organotin compounds. A preliminary assessment of the environmental impact indicates that the investigated PVC products do not significantly contribute to the concentrations of heavy metals in landfills. The concentrations of phthalates and organotin compounds found in leachate are not assessed to constitute a risk to the environment.

Several other papers are available on the landfill of PVC and the abstracts of these are listed on the following pages.

Effects of co-disposal of wastes containing organic pollutants with municipal solid waste - a landfill simulation reactor study, J. Ejlertsson et al

Abstract

Different phases of the life cycle of a landfill receiving municipal solid waste (MSW) were monitored in landfill simulation reactors (LSR) to examine the effect of co-disposal of wastes contg. org. pollutants (OP) with MSW. Two of 4 LSR filled with well-characterized MSW received waste materials contg. OP.  These included 2 types of plasticized PVC flooring materials, Freon-blown insulation, and P- and N-based flame-protected materials. Each LSR was operated under acid fermentative and neutral methanogenic conditions, resp., as were their corresponding controls, i.e., without extra OP.  Methanogenic consortia degrading MSW were hampered by the addition. of wastes containing. OP, probably due to the presence of Freon R11 and its degrdn. product, R21.  R11 and R21 concns. were 0.1-1800 mg/m3 depending on

biogas production. rate in the OP-amended LSR.  Losses of butylbenzyl phthalate (26%) and bis(2-ethylhexyl)phthalate (15%) from 1 of 2 flooring materials was observed.; the other remained unaffected.  Methanogenic conditions favored the loss of plasticizers vs. acidogenic conditions.  Total P was significantly higher in the OP-spiked LSR, indicating a transformation of non-halogenated flame retardants.

Fate of PVC polymer, plasticizers, and stabilizers in landfilled waste, I. Mersiowsky

Abstract

End-of-life PVC products are predominantly disposed of with construction waste or with municipal solid waste in sanitary landfills.  This waste management option is currently subject to debate because of environmental issues.  A material and substance flow analysis was conducted to establish the quantity of PVC products and their constituents in municipal solid waste.  Landfill simulation assays demonstrated the long-term behavior of PVC products and the fate of additives under landfill conditions.  The PVC polymer was found to be stable.  A loss of plasticizers may occur in case of insufficient compatibility with the PVC compd. coupled with microbial consumption at the PVC product surface.  Losses of stabilizers are generally restricted to transient leaching from the product surface.  Plasticized products show a somewhat stronger inclination to release their stabilizers.  The findings indicated that addnl. measures specifically directed at post-consumer PVC waste in landfills are not necessary.

Long-term fate of PVC products and their additives in landfills, I. Mersiowsky

Abstract

A review. The development of sustainable products requires not only the consideration of prodn. processes.  Rather, strategies and concepts for the end-of-life management of post-consumer products play an important role for their legal compliance, public acceptance and com. competitiveness as well.  With respect to the waste management options for polyvinyl chloride (PVC) products, the currently prevalent disposal in landfills was among the subjects of debate about environmental issues.  A material and substance flow anal. was conducted to est. the quant. relevance of PVC products and their constituents in municipal solid waste.  Landfill simulation assays demonstrated the long-term behavior of PVC products and the fate of additives under landfill conditions.  The methods of an integrated assessment and possible approaches towards life cycle management are discussed.

Conclusions

The main strength of PVC products in the construction sector is their utility for the applications combined with an exceptional durability. Hence their resource efficiency is determined rather by the origin and recovery of feedstock and material, whereas their long service life span is already advantageous. The primary focus issue of the product system, however, is the sustainable use of additives. The assessment of the environmental behaviour of products and of product-specific emissions described herein is an indispensable step that should accompany product development. Additionally, the results need to be put into perspective by comparative assessments. In particular, substitute materials must undergo the same assessment.

The landfill simulation in laboratory-scale assays demonstrated the long-term behaviour of PVC products under regular landfill conditions. The reported assays underwent the characteristic stages of landfill development, being subject to leaching and biodegradation. Due to the extensive observation period, the fate of PVC products and their additives in landfilled waste can be assessed. A degradation of the PVC polymer was not observed. Vinyl chloride in landfill gas does not originate from PVC products, but from VCCs, such as perchloroethylene.

Plasticisers differ considerably in their behaviour: some are subject to losses, depending both on their compatibility with the polymer matrix and their anaerobic biodegradability. Due to microbial transformation, the concentrations in the leachate are, however, not correlated with the losses. Phthalates and their degradation products may occur transiently at low concentrations. In contrast to this, the release of stabilisers appears to be attributable to superficial leaching. Concentrations in leachate can usually not be discerned from the background. Any losses of additives tend to increase at elevated temperatures. The behaviour of the PVC polymer matrix changes completely upon glass transition.

The contribution of PVC products to the inventory of heavy metals in MSW is insignificant. PVC products do constitute major sources of phthalic and organotin compounds. However, findings of both phthalic and organotin compounds cannot solely be ascribed to post-consumer PVC products in landfilled waste. Therefore other waste components must be taken into consideration, particularly dispersed pollutants conveyed by sewage sludge. Future monitoring programmes will have to consider a wider range of target compounds, including their respective degradation products, in landfill gas and leachate.

There is no immediate need for action with respect to the findings of the target substances in landfill leachate. A conservative PEC/PNEC comparison for the raw and undiluted leachate indicates no environmentally relevant concentrations of phthalic and organotin compounds in landfill leachate. All things considered, PVC products do not constitute a substantial impact on the toxicity of landfill leachate and gas. The preliminary risk assessment approach should be refined and integrated with LCA methodology.

Since technical measures cannot rule out risk altogether, the precautionary principle plays a key role. The continuous improvement of PVC product systems requires product-oriented environmental management. Therefore LCT must be implemented in existing environmental management systems. The dual approach includes integrated pollution prevention and substance flow management.

The appropriate selection of materials and constituents is important. Eco-design of products may accomplish the sustainable use of additives and enhance separate collection, sorting and recovery.

End-of-life management improves closed-loop material recovery and prevents environmental

burdens at downstream stages of the life cycle. Efficient recovery strategies are accomplished by cooperative solutions. The availability of post-consumer waste and the logistics are essential considerations. Eco-design and recovery improve both the closed-loop resource management and reduce long-term risks incurred by landfilling.

In this perspective, sanitary landfills—if responsibly operated—may constitute an acceptable waste management option during a transitory period. Time and resources must now be used to develop and promote truly sustainable solutions. In order to foster eco-efficient innovation, knowledge and dialogue are principal factors. Education and training help to implement LCT. The efficient transmission of environmental information on products, chemicals and waste both within industry and among stakeholders is of vital importance.

Behaviour of PVC in landfills - Quantities of PVC landfilled in Europe and an investigation of the behaviour of PVC-materials under simulated landfill conditions, K. Jordan et al

Abstract

Unavailable from CSA Database

Fate of PVC polymer and plasticizers in landfills, I. Mersiowsky et al

Abstract

Unavailable

Long-term behaviour of PVC products and fate of phthalate plasticizers under landfill conditions, I. Mersiowsky et al

Abstract

Unavailable from CSA Database

Product specific emissions from municipal solid waste landfills. Part II: presentation and verification of the computer tool LCA-LAND, P.H. Nielsen et al

Abstract

This paper presents and verifies the computer tool LCA-LAND for estimation of emissions from specific waste products disposed in municipal solid waste landfills in European countries for use in the inventory analysis of LCA. Examples of input data (e.g. distribution of the waste product in different countries, compn. of the product and phys./chem./biol. properties of waste product components) and output data (e.g. estimated. emissions to atmosphere and water) are given for a fictive waste product made of representative types of components (toluene, cellulose, PVC, Cu and Cl-).  Since waste products from different processes in the product system may be disposed at different landfills where they are mixed with waste originating outside the product system, the estimated. emissions from specific waste products cannot be compared with measured emissions from true landfills.  Hence, the computer tool is verified in terms of mass balances and sensitivity analyses.  The mass balances agree exactly and the sensitivity analyses show that different types of waste product components behave differently in different types of landfills.  Emission of e.g. toluene is significantly reduced in the presence of landfill top-cover, landfill gas combustion units and leachate treatment units.  Generally, the sensitivity anal. shows good agreement between the relative proportions of various types of emissions (based on properties of the waste and properties of landfills) and good agreement with emission levels that would be expected based on a general understanding of landfill processes.

4.5.1 Summary of the Landfill of PVC

The report by Argus listed several key conclusions from its work. Firstly, it concludes that phthalates in leachates and gas emissions are not necessarily a direct result of the presence of PVC products in the landfill. Similarly it states that heavy metals and organtin cannot be directly attributed to the presence of PVC in landfills. Stabilisers were found to be fixed in the PVC matrix and thus the mobility of lead from PVC was low. Traces of the phthalate DEHP were found in some gas emissions, however it was detected in samples with and without PVC. Overall then some contribution to the contamination of leachate and gas does occur in landfills containing PVC, however direct correlation of this with the quantity of PVC relative to other materials was not possible. Additionally therefore if consideration is given to the whole PVC life cycle emissions from service-life are much more quantitatively important.

The work by Meriowsky came to very similar conclusions. He concluded in his research work looking at the long term behaviour of PVC in landfills that degradation of the PVC polymer was not observed. Some plasticised PVC showed a partial loss of additives though at concentrations which do not constitute a risk to the environment.

4.6 Miscellaneous PVC End of Life Treatment Research

Solving the PVC problem, Vicky Dunn

Abstract

A review.  An outline is given on options for the disposal of waste polyvinyl chloride (PVC) as applied in European Union (EU).  As PVC disposal options landfill, incineration, and recycling are considered with the focus on incineration and recycling and their overall economic and environmental benefits.  Some tech. processes of chem. or feedstock recycling as well as the combination of incineration and recycling are considered.  These cover e.g. the dissolving of PVC waste and PVC repptn. as well as the conversion of high Cl content waste including PVC to pure HCl for PVC manuf. and raising heat and steam from the hydrocarbon component.

Don't ban PVC: incinerate and recycle it instead!, D. Menke et al

Abstract

Plastics are making a growing contribution to sustainable development. For example, over an expected lifetime of 50 years, the use of window frames and insulating materials made of plastic in buildings save many times the energy required to manufacture them.  Plastics for packaging purposes provide protection against damage and dirt contamination, thereby saving considerable amounts of material and energy. Choosing appropriate disposal strategies for plastic waste also helps to protect the environment.

A new look at PVC in Germany and in Europe. W. Preusker (written in Polish)

Abstract

A review with 16 references presenting opinions on the alleged environmental harmfulness of PVC.  The existing PVC recycling processes and the associated ecological material balances are discussed.  The current status and PVC recycling management in Germany is described in detail.  New PVC recycling prospects are associated with the "Deutsche PVC-Recycling GmbH" just set up and with the "PVC-ThermoSplitting" process (burning of PVC in a rotary oven and recovery of HCl).
4.7 Books Written on PVC and Miscellaneous Plastics Recycling

Plastics Waste – Feedstock Recycling, Chemical Recycling and Incineration, Arnold Tukker

Handbook of Plastics Recycling, (Ed) Prof. Francesco La Mantia

Recycling of PVC and Mixed Plastics Waste Ed F.P. La Mantia

Papers of concern:

Recycling of PVC: Effect of the Processing Operation, Gerald Scott

Investigations on the Recycling Ability of Used PVC D. Braun and K. Krämer

Recycling of Complete PVC Windows Herbert Uhlen,

Recycling PVC Bottles and Pipes by Coextrusion Georges Voituron,

Recycling of Plastic Materials, Ed Prof. F. P. La Mantia

4.8 Books and Book Sections on PVC and Sustainability Issues

Polymers the Environment and Sustainable Development, Adisa Azapagic et al

The Green Guide to Specification, Jane Anderson & David Shiers

Overview

How can you tell if the materials and components you are specifying have a low environmental impact? A full life-cycle assessment is a complex, time-consuming and expensive process; the environmental ratings summarised in this Guide provide a quick and easy way for designers and specifiers to assess their options.

The relative environmental performance of over 250 materials and components have been assessed in this guide, using carefully researched, quantitative data derived from the BRE Environmental Database. A wide range of alternative specifications are provided for walls, floor systems, floor finishes, roofs, windows, doors, ceilings, paints, insulation and landscaping

The performance of each specification is measured against a range of environmental impacts including climate change, toxicity, fossil fuel and ozone depletion, levels of emissions and pollutants, and mineral and water extraction.

Environmental performance is indicated by a simple to use A-B-C rating system. To further aid specifiers, guidance on capital coasts, typical replacement intervals and information on recycling is also provided for each material and component. 

An important part of BREEAM, the BRE's widely accepted scheme to improve the environmental performance of buildings, The Green Guide to Specification is an essential tool for architects, surveyors, building managers and property owners seeking to reduce the environmental impacts of building materials through informed choice. 

5 Miscellaneous PVC Research and Reviews

PVC compounds and processing, Stuart Patrick

Abstract

A review on the whole wide world of PVC chem. and manuf.  Several topics are consider.  For the PVC industry: PVC resin (vinyl chloride manufacture and homopolymers), copolymers and terpolymers, chlorinated PVC, PVC resin characterization (mol. wt., particle size, and bulk powder properties), key additives, processing techniques, and industry outline (PVC resin producers, PVC compounders, and global market by application).  With respect to PVC industry: PVC resin (vinyl chloride manufacture and homopolymers), copolymers and terpolymers, chlorinated PVC, PVC resin characterization (mol. wt., particle size, and bulk powder properties), key additives, processing techniques, and industry outline (PVC resin producers, PVC compounders, and global market by application).  Additives, formulation, and heat stabilizers (solid and liq. stabilizers), plasticizers (phthalate alternatives and polymeric plasticizers), multifunctional additives, property modifiers (process aids, impact modifiers, heat distortion temp. modification, and modifiers for semi-rigid and plasticized applications), lubricants, fillers (CaCO3, wood fillers/fibers/flour composites, glass beads/glass fiber, conductive and magnetic fillers, other inorg. fillers, and nanocomposites), flame retardants and smoke suppressants, pigments, biocides, blowing agents, antioxidants and light stabilizers, other additives (antistatic agents, viscosity modifiers, and antifogging agent's), and formulations (PVC-U compds. and testing, crosslinked PVC, medical and food contact use, and membranes) applications are discussed:.  Compounding and processing technol. are considered as well as fabrication and treatment and sustainable development.

Poly(vinyl chloride) on the way from the 19th century to the 21st century. D. Braun

Abstract

A review on poly(vinyl chloride) (PVC) in which the most notable milestones in PVC history and their importance to the development of macromol. chem. are briefly described, and some current PVC research and industrial applications, with respect to polymn., stabilization, bulk property modification, and chem. and material recycling of waste, are discussed.  Some selected topics include emulsion polymn. and controlled free-radical polymn.  Chem. reactions offer many possibilities for the modification of PVC, but they have been not used on a tech. scale yet.  Much work has been done on stabilisation with nontoxic or metal-free systems.  The bulk properties of PVC can be influenced by impact modification through the addn. of graft copolymers or by blending with other polymers.  Also presented are some problems and recent developments in PVC recycling.

Appendix A. LCA Studies Included in EU Report10
A.1. Window LCA Studies:

IKP AT-6 Different materials applied as window frames – German

Elisabeth Novak, Ökologische Betrachtung der Fenster-Werkstoffe Kunststoff, Aluminium, Holz (Consideration of different materials as window frames in terms of environmental aspects), 1994, Pub: Österreichischer Arbeitskreis Kunststoff-Fenster Arsenal, Wien, Austria

IKP AT-11 Assessment of PP, PVC, aluminium/wood frames – German

A. Windsperger, S. Steinlechner, Ökologische Betrachtung von PP-Fenstern (Environmental assessment of PP window frames – compared to PVC and aluminium/wood window frames), 2000, Pub: Institut für Industrielle Ökologie, Austria

IKP D-6 PVC, wood, wood/aluminium window frames over their whole life cycle – German

J. Kreißig, M. Baitz, M. Betz, W. Straub, Ganzheitliche Bilanzierung von Fenstern und Fassaden (PVC, wood, wood-aluminium, and aluminium window frames over their whole life cycle), 1998, Pub: Verband der Fenster- und Fassadenhersteller e. V, Frankfurt, Germany

IKP D-31 Ecolabels for windows – German

Institut für Kunststoffprüfung und Kunststoffkunde (IKP), Erarbeitung einer Vergabegrundlage für ein nationales Umweltzeichen Fenster (Ecolabels for windows), 2000, Pub: Institut für Kunststoffprüfung und Kunststoffkunde (IKP), Stuttgart, Germany

IKP AT-10 LCA of windows (PVC, aluminium, wood) – German

Ökologische Betrachtung von Fenstern aus verschiedenen Werkstoffen (LCA of windows (PVC, aluminium, wood)), 1997, Pub: Amt der NÖ Landesregierung, Austria

IKP CH-17 LCA comparison of eight window constructions in Switzerland – German

Klaus Richter, Tina Künniger, Kaspar Brunner, Ökologische Bewertung von Fensterkonstruktionen (LCA comparison of eight window constructions in Switzerland), 1996, Pub: EMPA Eidgenössische Materialprüfungs- und Forschungsanstalt, Dübendorf

A.2. Flooring LCA Studies

IKP AT-2 Sustainability assessment of PVC flooring (2002) German

Evelin Milleret, Harald Pilz, Zur Nachhaltigkeit von Fußbodenbelägen (Sustainability assessment of PVC floor coverings), 2002, Pub: GUA - Gesellschaft für umfassende Analysen GmbH, Wien, Austria

IPU 000.0013 Life cycle assessment of flooring materials: case study (1997) Swedish written in English

Jönsson, Å., Tillman, A-M., Svensson, T., Life cycle assessment of flooring materials: Case study, Building and Environment, Vol. 32, No. 3 (1997)

IPU 056.0042 On the significance of the usage phase in a LCA -Application on floor coverings, Swedish written in English (submitted to the Journal of LCA – see section 2.3)

Paulsen, J., On the significance of the usage phase in a LCA -Application on floor coverings, Not published at time of report, Pub: KTH, Stockholm, Sweden

A.3. Roofing LCA Studies

IPU 000.0016 Ecological evaluation of flat roof systems – confidential company report

Dr. Dinkel, F., Dr. Waldeck, B., Ecological evaluation of flat roof systems, 1999, Pub: Carbotech AG.

A.4. Pipe LCA Studies

IKP AT-5 Environmental analysis considering pipes of different materials (1996) German

Ökologischer Vergleich von Rohren aus verschiedenen Werkstoffen (Environmental analysis considering pipes made of different materials for the application engineering), 1996, Pub: Landesregierung Niederösterreich Landhausplatz, Austria

IKP CH-6 Environmental comparison of sewage pipes of different materials (1998) German

Geberit International AG, Ökobilanz von Rohren zur Hausentwässerung (Environmental comparison of domestic sewage pipes of different materials), 1998, Pub: Geberit International AG, Switzerland

IKP NL-3 LCA of pipes from concrete, PVC and clay (1995) Dutch

Ökobilanz für Rohre aus Beton, Ton, PVC (Environmental profile and environmental measures of a concrete external sewer [Intron report No. 95027] and Environmental profile and environmental measures of an external sewer of PVC and vitrified clay in comparison to concrete [Intron report No. 95195]), 1995, Pub: INTRON, Netherlands

IKP NL-11 Life cycle of waste water pipes from PVC, concrete and HDPE (2000) Dutch
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