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Comments on the SEAC draft opinion and specific information requests
Specific information requests
1. A derogation is proposed for several article types containing soft (flexible) PVC recyclate for a period of 15 years from entry into force of the proposed restriction. However, as some of these article types have a higher potential for leaching lead into the environment during their service life than rigid PVC, the derogation for certain articles is conditional on the recycled PVC being entirely enclosed, i.e. encapsulated by a layer of virgin PVC. The applications requiring encapsulation of soft PVC recyclate are: roofing, waterproofing, traffic management and professional footwear.
SEAC is seeking information on the technical and economic feasibility of this derogation:
a. Is it technically feasible to encapsulate the recyclate contained in the above articles with virgin PVC? If so, what are the techniques that could be used?
b. What would be the additional cost to industry to produce these encapsulated articles? What would these costs be composed of? Please quantify your reply.
c. If it is not technically and economically feasible to produce encapsulated soft PVC articles, what would happen to the soft PVC waste that is currently recycled? Could it be e.g. diverted to produce the non-encapsulated articles foreseen in the derogation (e.g. mats for stables and greenhouses, noise insulation panels or three-layer hoses), or would it be disposed of or exported?
d. Applications of soft PVC recyclate in mats for soil stabilisation and in mats used in industrial settings were not included, as it was not clear if these uses have a high potential for leaching during their service life, if not encapsulated (see above). If relevant, please answer questions a) to c) also for these applications.
2. A derogation is proposed for the use of lead compounds as pigments. The following two substances are currently used as pigments in PVC:
· Lead sulfochromate yellow
· Lead chromate molybdate red
a. Are there other lead-containing substances used as pigments in PVC articles, in particular in imported articles? If so, do you have information about their composition?
b. What are the costs for analytical testing needed to identify the presence of lead pigments in PVC articles?
3. For virgin PVC, a lower limit of 0.01% (instead of 0.1%) was suggested in the Public Consultation on the Annex XV restriction report.
a. Would a limit of 0.01% be more difficult to achieve than 0.1% from a technical point of view?
b. Would a limit of 0.01% be more difficult to enforce?
	Ref.
	Date/Name/Org.
	Comments

	321
	Date/Time: 2017/12/21 11:30

Type: BehalfOfAnOrganisation

Org. type:
Company

Org. name:
<redacted>

Org. country:
Japan

Company name confidential: Yes

Attachment:
<redacted>

Privacy comment:
Protection of our commercial interests

	Comments on the SEAC draft opinion:
We have not attached non-confidential comments


	
	
	SEAC Rapporteurs response:

Thank you for the information.

	322
	Date/Time: 2018/01/26 13:40

Type: BehalfOfAnOrganisation

Org. type:
Company

Org. name:
REHAU AG + Co.

Org. country:
Germany

	Comments on the SEAC draft opinion:
The period of 15 years for the derogation is too short. Windows have a working life of 40 years and more. The majority of PVC window profles produced before 2010 contain lead stabilisers. So lead stabilised recycling PVC will come back at least until 2050.
We suggest to expand the period of derogation to 30 years or to rediscuss the prolongation of the derogation after 15 years, with the same allowed percentage or with a percentage adapted to measured values. An end for the derogation after 15 years is too abrupt.


	
	
	Specific information 3:
A limit of 0.01% would not be consistent with other EU regulations like ROHS.
For the production of window profiles there exist 2 different loops of recycled materials. An internal loop of regrind (lead free) and an external loop of post consumer PVC (containing lead). Both materials are processed separately, but on the same machines at a different time. Contamination of the lead free regrind with a lead containing regrind cannot be excluded completely. In such a case a limit of 0.1% would be no problem. But a limit of 0.01% can cause an exceedance. Even if only a small percentage of the regrind is added to the virgin material.


	
	
	SEAC Rapporteurs response:

Thank you for the information.

The Dossier Submitter expects that after 2035 the lead content of PVC waste would have decreased and allow articles made with recycled PVC to comply with a concentration limit of 0.1 % (w/w) of lead. In order to account for trends in PVC recycling and lead content in PVC waste, the Dossier Submitter recommends to reassess the need to change the derogation after 10 years from entry into force. We agree that it is possible that the lead content of recycled PVC will be still be too high to comply with 0.1 % (w/w) after 15 years from the entry into force. Therefore, we support a review of this issue as proposed by the Dossier Submitter.


	325
	Date/Time: 2018/02/07 12:30

Type: BehalfOfAnOrganisation

Org. type:
Company

Org. name:
<redacted>

Org. country:
Netherlands

Company name confidential: Yes

Attachment:
<redacted>
 
Privacy comment:
We respectfully request that ECHA does not publish the information provided for this public consultation on “Comments for the Annex XV restriction report” for Lead compounds-PVC 
Our reasons are as follows:
1.	Protection of commercial interests of natural and legal persons (Art 4.2 of Regulation 1049/2001): 
a.	Publication of this information would potentially give our competitors information on the formulation of our customer’s products and <redacted>’s market share in this area. This information is business secret;
2.	Protection of privacy and integrity of the individual (Art 4(1)b of Regulation 1049/2001):
a.	Publication of the information could lead to violent action against our company and its officers;
b.	Publication of this information will be used to pressure us by legal or public means which will negatively impact <redacted> and our products.

	Comments on the SEAC draft opinion:
-


	
	
	SEAC Rapporteurs response:

Thank you for the information.

	331
	Date/Time: 2018/02/19 14:07

Type: MemberState

MS name:
Sweden

Country:
Sweden

	Comments on the SEAC draft opinion:
Combined composition of additives in PVC
The issue of recycling PVC is complex. In addition to a legacy content of lead stabilisers, which are specifically addressed in this restriction proposal, we can expect the occurrence of other additives as well. The composition depends on the required set of properties for every PVC quality. We believe that the assessment performed by the DS and the SEAC does not address this problem appropriately. At the end, this could lead to a wrong conclusion about the most appropriate risk reduction option for the society.
The Swedish Environmental Protection Agency recently published a study on emissions from articles (SEPA, 2018). In the study, modelling of emissions from articles was performed (the ChEmiTecs Emission model). In this study, they developed an “average chemical composition list” for plastics based on information from industry, from product declaration protocols, as well as from some other sources referred to in the report. This generated a final estimate of the volume of chemical additives in plastic articles in Sweden. The majority of these additives were estimated to be stored in pipes and hoses, plastic films and boards, in insulated wires and cables and in furniture. Taking into account that not all plastic articles contain all types of additives correction factors were used in the final list. (see page 22-23, table 0.1 and table 0.2 in the report).
The table shows that for every unit of stabilisers in a plastic article one could expect e.g. more than one unit of brominated flame-retardants and more than one unit of phthalates. Those substances may cause risks that should not be ignored in the assessment of risk management options for recycling of PVC and that may need a reconsideration of the provisions in. 
If the conclusion after a reassessment still is to keep parts of points 4(a) and 4(b), we suggest SEAC to consider a review clause fort shorter periods than 15 years, starting e.g. 5 years from the first entry into force of the restriction. 
Reference:
SEPA, 2018; Emissions from Articles - Synthesis report of the ChEmiTecs Research Program. ISBN 978-91-620-6802-8. Available at http://www.naturvardsverket.se/Om-Naturvardsverket/Publikationer/ISBN/6800/978-91-620-6802-8/?action=additem&lang=sv
Labelling of articles containing recycled PVC
The labelling of recycled material is crucial for enforcement according to SEAC since the 2% lead content limit covers nearly all intentionally uses, and particularly all high volume uses. The labelling needs to be secure and made in a transparent way. We believe that the suggested labelling “Contains recycled PVC” might be misleading for consumer with lead minimizing preferences. For less informed consumers, this may give the impression that the label is aimed to inform about environmental performance. It would be better and clearer to say, “Contains recycled PVC with up to 2% lead”. 
The choice of 2% as the limit value for recycled content versus imported articles
Regarding imports and recycled material with up to 2% lead it is not perfectly clear if imported, recycled PVC material is also derogated with up to 2% lead, or if the derogation only applies to material recycled within the EU and all imports abide to the 0,1% limit? If imported recycled PVC material also are derogated so that a 2% lead limit applies, then it is hard to argue that the 0,1% limit will be achieved for all articles by 2035 to 2040. New recycled material with a 2% limit may then continuous be imported to the EU, hindering the low 0,1% limit to be achieved for all PVC. This would also mean that the aim of the restriction will not be fulfilled if this risk management option is chosen.
Other legislation
In point 4(e) we believe that articles covered by directive 2000/53/EC on end-of life vehicles should be added to the list. 


	
	
	Specific information 1:
Encapsulation of recycled PVC with virgin PVC:
Multi-layer pipes are not technically feasible for the purpose of transportation of sewage water. 
According to experts from two organisations in the water and wastewater sector in Sweden, encapsulation of lead PVC with virgin PVC is not a secure enough method for use in sewage pipes and similar infrastructure with a life length of up to 100 years. The cost difference between pipes containing recycled or 100% virgin material is not an issue, compared to other more important costs in infrastructure projects. Once in the ground it is extremely hard to monitor degradation of the outer virgin PVC layer over time. It is quite common that tree roots can cut pipes and damage occur in a number of ways. Sewage pipes must be able to withstand mechanical treatment from inside, where a middle layer of recycled PVC can be uncovered. Encapsulation of recyclate with virgin PVC is thus not a technical secure enough method to use.
References:
Cajsa Wahlberg, Stockholm Vatten och Avfall; personal communication April 2014
Anders Finnson; The Swedish Water & Wastewater Association; personal communication April 2014
Even though our main conclusion is that all exemptions in points 4(a) and 4(b) should be reconsidered due to the combined composition of additives, we would particularly suggest SEAC to remove the following part of the proposal “ multi-layer pipes if the recycled PVC is used in the middle layer and is entirely covered with a layer of virgin PVC (excluding pipes for drinking water)””


	
	
	Specific information 2:
Our information, which is a few years old, is an approximate cost above 400 Euros per substance (4 000 SEK); i.e. above 800 Euros for both pigments. If you are interested, please contact us. Our inspectors can ask the laboratories for more updated prices.
Regarding the derogation for lead chromate pigments in PVC it is unclear why this derogation is needed, also taken into account that the information in the public consultation regarding those pigments were claimed confidential. If the intention with the restriction is to address stabilisers in PVC, there is no need to include a derogation for substances with other functions. A derogation in this restriction will give rise to more questions than clarifications of the use of lead pigments and clearly put a focus on the use of those substances in imported articles. For example if there are reasons to develop a restriction proposal on the pigments as well, as the risk of high lead levels in PVC should be the same regardless of whether the use is for stabilizer or as pigment and that the European paint industry has confirmed that alternatives to lead chromate pigments are available and used.


	
	
	Specific information 3:
The inspectors at our enforcement department confirm that there are no difficulties related to a limit of 0,01 % lead (100 ppm). At that concentration level, both XRF instruments and chemical methods can be used without problems. Consequently, there will be no difference in the testing cost due to a lower concentration limit.
The divergent concentration limits proposed for recycled PVC compared to virgin material is more problematic from an enforcement perspective. There are no methods available to verify if the written information is correct. In addition, the following provision in points 4(a) and 4(b) is not possible to enforce: “All virgin PVC used in combination with recyclate in the above applications shall comply with paragraph 2.”


	
	
	

SEAC Rapporteurs response:

Thank you for information on emissions from articles published by the Swedish Environmental Protection Agency. We are aware that various chemical additives are contained in PVC articles. However, SEAC exclusively evaluates the restriction proposal submitted and hence does not perform a broader assessment on additives in PVC.

We agree that a reassessment of the derogation of recycled PVC is necessary in order to confirm its justification and effectiveness. A premature reassessment will not be meaningful taking into account the projections of the lead content in recycled PVC. Therefore, we think that a review after 5 years is too early and that after 10 years the results would be more appropriate as a basis to reassess the justification of the derogation.

The purpose of the label ‘contains recycled PVC’ is to enable enforcement authorities to identify relevant articles and not to inform consumers on the environmental performance of the articles. For enforcement, it is not needed to state the actual lead content on the label, which may also result in higher costs of labelling. Furthermore, the term ‘Contains recovered PVC’ proposed to articles containing recycled PVC was included in point 23 (Cadmium) of Annex XVII to REACH Regulation. For consistency in the provisions of the Regulation, a similar label is proposed in this restriction.

We would like to confirm that the derogation of recycled PVC equally applies to articles produced in the EU and to imported articles.

With regard to directive 2000/53/EC on end-of life vehicles, we understand that the restriction concerns the use of lead-based stabilisers in PVC, which is per se not relevant for the end-of-life of vehicles. Therefore, the directive you refer to is not included in the restriction.

Specific information 1:

Thank you for the information. We agree that the encapsulation of pipes with a long service life such as sewage pipes needs to resist abrasion over long time spans. RAC has highlighted the need to develop appropriate standards for encapsulation (e.g. in terms of layer thickness) to ensure that the layer of virgin PVC is functioning as an effective barrier. In our view sewage pipes would be a key application for which such a standard would be useful.


Specific information 2:

In principal we agree that lead pigments also contribute to the risk of lead emissions from PVC. However, the restriction covers only lead compounds used as stabilisers and only the impacts of restricting lead-based stabilisers were assessed in the Background Document. This was confirmed by the Dossier Submitter. To reflect this intention in the entry text, the Dossier Submitter added the derogation for the use of lead sulfochromate yellow and lead chromate molybdate sulfate red in PVC, which are the only lead pigments known to be used in PVC.

Specific information 3:

Thank you for the information.

We agree that it will be a problem to differentiate between virgin and recycled PVC if both materials are blended in the production of an article. If co-extrusion technique is used, the two materials are used separately in an outer layer (virgin PVC) and an inner core (recycled PVC), which could be measured individually. This could have implications for the costs of the analysis.


	341
	Date/Time: 2018/02/20 16:46

Type: BehalfOfAnOrganisation

Org. type:
International NGO

Org. name:
European Environmental Bureau

Org. country:
Belgium

Attachment:



	Comments on the SEAC draft opinion:
The EEB continues to support the proposed restriction on lead used as a stabilizer in PVC.
We strongly support the proposed labeling provisions, which will allow manufacturers and consumers to make informed decisions.
In a few cases, derogations have been narrowed appropriately (if slightly) to reduce likely exposures; for example, PVC in flooring material.  Overall, however, we are disappointed by the continued expansion of derogations and the increase in allowable limits.
We provide detailes comments in the attachment submitted.


	
	
	Specific information 2:
SEAC has added a derogation for two lead-based pigments, lead sulfochromate yellow and lead chromate molybdate sulfate red, based on an entirely confidential comment for which no other information was provided.  These compounds are non-threshold carcinogenic and reprotoxic substances.  One applicant (DCC Maastricht B.V. OR) has been granted authorisation for limited use of these compounds, primarily as high-visibility markings on roads or metal surfaces.  Due to the confidential nature of the comment, we are not aware of specific uses with relevance to recycling of PVC.
This derogation amounts to an authorisation to recycle PVC materials with these lead pigments.  This is not a use granted by the authorisation or evaluated for risk by RAC.
The derogation is likely to complicate implementation of the PVC recyclate standards, since the simplest method of analysis (X-ray fluroescence, or XRF, identification of total lead in the recyclate) would not distinguish between lead-based pigments Proper analysis in the case of PVC bear lead-based pigments would require other, probably more difficult, test methods.  We have no information on whether SEAC has considered the impact of this derogation on the implementation of the present restriction.
The lack of transparency behind this derogation is greatly regretted.


	
	
	SEAC Rapporteurs response:

Recycled rigid PVC

RAC confirmed that a concentration limit of 2 % would not lead to significant additional risk from the articles covered by the derogation. At the same time, a ‘safety margin’ in the concentration limit would facilitate the smooth operations of the processing of post-consumer PVC waste and decrease the efforts spent by recycling companies (often SMEs) on the testing of lead content.

Flexible PVC

The requirement to encapsulate certain articles has been clarified in the text. This includes articles with a potential for direct consumer exposure.

Clean recycling loops

We would like to refer to the Dossier Submitter’s response as well as to the comments made by RAC and SEAC rapporteurs to your comment on this issue during the Public Consultation of the Annex XV report.

Circular economy

We cannot follow your criticism suggesting that SEAC took a simplistic view on recycling in its opinion on the proposal on lead in PVC. When evaluating the proposal we considered all available evidence and assessed the different socio-economic impacts. As you do not provide any examples from the opinion text to substantiate your criticism, we cannot see the basis for your view.

Specific information 2:
We would like to underline that the exclusion of the two lead pigments from the scope of the restriction was not a derogation SEAC proposed based on socio-economic considerations. In principal we agree that lead pigments also contribute to the risk of lead emissions from PVC. However, it was the Dossier Submitter’s intention to only restrict lead compounds used as stabilisers and only the impacts of restricting lead-based stabilisers were assessed in the Background Document. To reflect this intention in the entry text, the Dossier Submitter added the derogation for the use of lead sulfochromate yellow and lead chromate molybdate sulfate red in PVC, which are the only lead pigments known to be used in PVC. In our view this is transparently stated in the opinion. We also acknowledge that the derogation of lead pigments may require additional supply chain communication and more advanced testing during enforcement.



	345
	Date/Time: 2018/02/20 18:36

Type: BehalfOfAnOrganisation

Org. type:
Industry or trade association

Org. name:
AGPU Arbeitsgemeinschaft PVC und Umwelt e.V.

Org. country:
Germany

Attachment:
<redacted>

Privacy comment:
This part of the PVC volume straeams survey which we publish regularily has been produced on specific request of the german EPA (UBA) and was not disclosed to other 3rd parties. It indicates that window and cable recycling are the 2 main mechanical recycling applications in germany with the maned companies who are involved.

	Comments on the SEAC draft opinion:
AGPU appreciates and supports the combined RAC and SEAC conclusions of the proposed lead restriction with the derogations for recyclates in selected applications. We also support that this restriction with its derogations will be reviewed after a longer period – whether this review takes already place after 10 years could be questioned, based on the specific product/waste/recycling streams which concern mainly products with very long service life. 
It is essential to keep the 2% lead concentration level to ensure full utilisation of the well established mechanical recycling processes for the selected rigid PVC applications which reduce virgin material production with the associated product/energy consumptions and emissions.
In the area of flexible PVC recycling products, we are concerned about the requirement that road furniture and traffic management products have to be covered by virgin PVC. Especially these traffic management products are mainly heavy articles with little specific surface such as heavy base plates/blocks for mobile fences (e.g. plates/blocks of about 26 kg; 70 cm x 25 cm x 16 cm) and mobile beacons (e.g. blocks/plates of 28 kg; 87 cm x 42 cm x 11 cm). These articles are produced from cable scrap by a robust press molding process. We are not aware that this process can be modified to allow the application of an additional external layer of virgin PVC.
Therefore, we recommend that such PVC-products from flexible PVC recyclates which are used by professionals in industry applications should be derogated without an additional cover of virgin PVC.


	
	
	Specific information 1:
please see the general comments. The recycling volumes used for traffic management and road furniture are much higher compared to the stable and greenhouse mats volumes. Also the quality of the cable srap is different to the raw materials used for stable mats therefore I doubt that such volumes move to the mats or multy layer hoses without additional treatment.


	
	
	Specific information 3:
PVC converters who use both, lead containing recyclate and virgin PVC-dryblends on the same equipment contamination with the lead containing recyclate could occur. To which level could go is not clear but as lead compounds are no loger used for the stabilisation of virgin PVC in the EU plus NOR and CH. The level of 0.1% of lead is far too low to achieve the required stabilisation effect, therefore we do not see the need to go below that level for enforcement.


	
	
	

SEAC Rapporteurs response:

Thank you for the information. Articles made of flexible PVC like road furniture and traffic management have a relatively high leaching rate of lead from the PVC, encapsulation would limit this risk of leaching. We received information (see comment 346) indicating that there are possibilities to encapsulate flexible recycled PVC with virgin PVC. We acknowledge that it is likely that further R&D and investment would be needed to put available technical solutions into practice. 

Specific information 1:

Thank you for the information.

Specific information 3:

Thank you for the information.


	346
	Date/Time: 2018/02/20 21:09

Type: BehalfOfAnOrganisation

Org. type:
Industry or trade association

Org. name:
EuPC, PRE, VinylPlus

Org. country:
Belgium

Attachment: [footnoteRef:1] [1:  A slightly updated version of the attachment was received after the end of the public consultation.] 




<redacted>

Privacy comment:
The R&D report referred in the statement contains many elements related to processing parameters, which constitute the know-how of the company. If required, the report may be consulted by webex by Echa, RAC and  SEAC members.The name of the company is confidential and should be referred to as "PVC converter".

	Comments on the SEAC draft opinion:
1) Impacts and benefits of recycling
We accept that the leaching of articles containing Pb should be taken into account over the whole life time of the article.  Although the leaching of Pb from waterproofing is in this case of the same order to magnitude as the lowest releases rates of Pb resulting from the incineration of the same material, the release from this application over 20 years is only 1.37 T compared to 27800 tonnes emitted each year from other sources. Including traffic management and professional footwear is not relevant, because leaching from traffic management is at least 20 times lower than from waterproofing films. Emission from boots for professionals are expected to be even lower, because  abrasion is only from the sole but not from the whole article (see Annex 1 : Comparison emission factors  incineration and selected PVC recycled applications applications).
Additionally, it is important to keep in mind that the Pb content in soft PVC articles tends to decrease over time, reflecting the progressive substitution of lead stabilisers in new articles over the past years. The leaching calculations are based on a Pb content of 0,5% in soft PVC recyclate, whilst the last measurements from 2016 and 2017 show an average of 0,3 to 0,35%, 0,52% being the maximum observed.
As developed further under the answer to specific questions, the requirement that roofing and waterproofing, road furniture, traffic management systems and professional footwear provided the recycled PVC is entirely enclosed with a layer of virgin PVC equates, if applied in the foreseen transition period of only 2 years after adoption, to a ban of those applications. 
Tonnage impacted by proposed restriction of SEAC :
The tonnage of applications that would be restricted is 127 kT.
Cost efficiency of the restriction : 
The cost per kg lead emission avoided for PVC applications is several orders of magnitude higher than for the previous restrictions. On a pure weight basis, it is therefore significantly less cost-efficient to avoid lead emission by restricting PVC recycling than for the previous restricted applications.  .  Please refer to the revised cost-efficiency analysis included in RDC cost-benefit analysis  (Annex 2) attached in Section IV
Cost benefit analysis
When applying the cost-benefit previously run to the restriction scope as proposed by SEAC, the following can be concluded. In summary, Recycling PVC waste is better for society than incineration or landfilling. For the analyzed recycled PVC applications (Traffic management, waterproofing (including roofing), mats for stables, greenhouses, 3-layer hoses, noise insulations sheets, footwear and boots for professionals and rigid monolayer pipes), the societal benefit of recycling ranges between 241 million € per year (1 788 €/t)  and 328 million € per year (2 437 €/t) depending on which disposal route is considered for this particular analysis.  Please refer to the revised cost-benefit analysis (Annex2)  attached in Section IV.
2) Considerations on a few specific applications
In view of the “positive list” approach of the derogation proposed by ECHA, we would like to mention other applications that would also fall in the category “others soft” reported in our estimates of the uses of recyclate in soft PVC applications: soft PVC profiles (used either as gaskets for rigid profiles (usually inside the profile) or as shock absorbers as well as industrial coils.  
Regarding decks and terraces, we wish to stress that we do not see any reason to require a layer of virgin PVC. The exposure scenario and target group are not clear. If skin contact is considered, as decking are hard surfaces often with an anti-slip pattern, people are unlikely to sun bath without a towel and certainly only in dry weather, implying low migration. It can be seen from our numbers that the potential for exposure to rigid PVC is extremely low. The same remark applies to monolayer pipes, for which extensive migration calculations were included in the documents provided in September 2017.  
3) Number of times PVC can be recycled
A question was raised after the RAC meeting, regarding how many times PVC can be recycled. We are uploading 2 scientific articles in the non-confidential section. They refer to the same test: the regrind has gone through 10 thermal cycles without noticeable effect on performance or need to add additives. More specifically the cycles were: 1) compounding 2) injection followed by regrind 3) re-compounding 4) injection followed by regrind 5) re-compounding 6) injection followed by regrind 7) re-compounding 8) injection flowed by regrind 9) re-compounding 10) injection. The re-compounding step may not always be necessary; re-grinded material may be directly extruded. The reported experiments show however that PVC can withstand 10 thermal cycles. 
This means that for a pipe with a lifetime of 100 years the encapsulation of Pb material can be extended without emission during 800 years.
References:
- Leadbitter J, Bradley J. Closed loop recycling opportunities for PVC. Current Trends in PVC Technology Conference. Institute of Polymer Technology and Materials Engineering, Loughborough University; 3–4 November 1997.
- PVC and sustainability in Prog. Polym.sci 27 (2002) , p. 2197-2226 (see p. 2216).
Another R&D report confirming that, provided process conditions are adequately controlled, up to 10 extrusions of used PVC material may be performed without loss of performance of the end article. Further information is provided in the confidential information section.


	
	
	Specific information 1:
a & b. For calendering (probably only 7-8 kt), multilayer products exist with virgin PVC, but, as far as we are aware, the technology is not today applied to applications including recyclate. To be able to apply this with product containing recyclate, converters would have to install the appropriate equipment (this means additional extruders, adaptations to calenders, maybe total redesign of a plant), and the quality of recyclate must also be sufficient to allow this type of processing. Moreover, one also has to take into account the increased cost of raw material, depending on the virgin layer thickness, taking into account that those films are usually around 2 mm thick. This would result in substitution most probably by imports for lower value films as this is a highly competitive market and reverting back to virgin PVC for higher value products as the extra investment cost makes it less interesting to source recyclate.
Most of the remaining products (traffic management, roofing tiles, boots for professionals) are made by compression or injection moulding; the technical feasibility to encapsulate the recyclate within layers of virgin PVC is unknown, and most probably prohibitively expensive. The technology is not readily available and hence would entail development costs. Such an encapsulation requirement would actually be equivalent to negate the 1 % derogation, as the manufacturers are highly unlikely to invest in developing suitable technologies and modifying their equipment accordingly. They would therefore stop using recycled material, which will severely impact their profitability and will result in the disappearance of a significant market for recyclers. We estimate that more than 1,000 jobs are at stake in the EU.   
Please refer to the annex 5 for an initial technology screening and an evaluation of types of cost involved. Regarding this screening, please note that the suggestion of RAC to enclose recycled material in a virgin layer has only been made last December. Within the short 2 months’ timeframe it has not been possible to devise an appropriate R&D plan and to actually test technological alternatives. New technical developments, if possible at all, will take years to test and assess. What becomes clear from our preliminary assessment however is that the enclosing requirement, if any, should not specify encapsulation in a soft PVC virgin layer but rather specify the need for a cover layer; this would allow extending the range of alternative cover materials (from industrial (and hence lead-free) PVC waste to other polymers and coatings) and of technologies to be used.
c. The market for the suggested alternative applications of soft PVC is far too small to absorb the amount of recyclate used in traffic management and waterproofing. The most likely is that this soft waste PVC would be disposed of. 
d.  The same considerations as developed above apply to mats in industrial settings and soil stabilization. The main technology used is compression or injection molding. The technology is not readily available for multilayer products and the cost would be prohibitive. Within the timeframe for the public consultation we could not establish the absorption capacity of markets for exports, but those are niche products, and hence that potential market uptake outside of Europe cannot be expected to compensate the loss of EU market in the short timeframe foreseen for the restriction.


	
	
	Specific information 3:
A lower limit would be more difficult to achieve   for converters producing articles, either containing recyclate, or only virgin PVC, depending on recyclate availability, and using the same equipment in both cases. The cleaning would become lengthier,  increasing the time during which the equipment is out of production.  Furthermore, 0.1% Pb content in a virgin PVC article is a level already far below the level required for stabilisation: hence, lowering it to 0.01% would merely create more analytical complexity, without any practical higher protection.


	
	
	SEAC Rapporteurs response:

Thank you for the information.

From the analysis you have provided on the encapsulation of certain articles, we understand that in principal it is possible to encapsulate articles made of flexible recycled PVC, but that further R&D and investment is needed to put it into practice.

Specific information 1:

Thank you for the information.

Specific information 3:

Thank you for the information.
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The EEB continues to support the proposed restriction on lead used as a stabilizer
in PVC.

We strongly support the proposed labeling provisions, which will allow manufacturers and
consumers to make informed decisions.

In a few cases, derogations have been narrowed appropriately (if slightly) to reduce likely
exposures; for example, PVC in flooring material. Overall, however, we are disappointed
by the continued expansion of derogations and the increase in allowable limits.

Lead pigments

SEAC has added a derogation for two lead-based pigments, lead sulfochromate yellow and
lead chromate molybdate sulfate red, based on an entirely confidential comment for which no
other information was provided. These compounds are non-threshold carcinogenic and
reprotoxic substances. One applicant (DCC Maastricht B.V. OR) has been granted
authorisation for limited use of these compounds, primarily as high-visibility markings on
roads or metal surfaces. Due to the confidential nature of the comment, we are not aware of
specific uses with relevance to recycling of PVC.

This derogation amounts to an authorisation to recycle PVC materials with these
lead pigments. This is not a use granted by the authorisation or evaluated for risk by RAC.

The derogation is likely to complicate implementation of the PVC recyclate
standards, since the simplest method of analysis (X-ray fluroescence, or XRF, identification
of total lead in the recyclate) would not distinguish between lead-based pigments Proper
analysis in the case of PVC bear lead-based pigments would require other, probably more
difficult, test methods. We have no information on whether SEAC has considered the impact
of this derogation on the implementation of the present restriction.

The lack of transparency behind this derogation is greatly regretted.

Recycled rigid PVC

We stridently object to the increased limit for lead in-recycled rigid PVC from 1% to 2%. We
see no evidence that such an increase is warranted,

e The Tauw (2013) study modelled lead concentrations in recycled PVC building
materials to be “far below 1%", and the draft opinion points out that this “has also
been confirmed by measturement samples taken/from window profiles” (p16).

e SEAC itself points out that the 2% limit /'is based on worst-case assumptions” (p16).
But such cases can easily be avoided with minimal testing and batching. The ease
and very-low cost of XRF testing (some handheld models are now available well under
€10.000) makes the batch-to-batch identification of lead in PVC viable for even the

smallest PVC recycling facilities.” This would allow compliance with the 1% standard.
¢ No evidence is’given to support the idea that the risk is not increased by the higher

limit. Althotugh the derogation applies only to specific products for which consumer
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exposures are not expected, this does not mean that consumer exposures are
negligible.

e The different limits for rigid and flexible PVCs mean that the single proposed label
would be insufficiently specific.

Flexible PVC

In an attempt to limit lead exposures from recycled rigid PVC, the derogations require this
material to be covered by virgin PVC. However, the text of the derogations makes it unclear
whether the same is true of recycled flexible PVC. The specific derogations for “mats for
stables and greenhouses; multi-layer hoses; noise insulation sheets;” make no mention of
covering the recycled layer or of co-extrusion, although RAC’s note #6 (p4) confirms that this
is the intention. This encapsulation should be clearly and specifically described in the
derogation text.

Given the higher expected migration of lead from flexible PVC, we would of course prefer a
lower threshold in uses with any reasonable potential for consumer exposure (e.g., noise
insulation and hoses).

Clean recycling loops

We have previously commented on the need to maintain clean recycling loops as Europe
moves towards the circular economy. We do not believe that the future risks from
recycling lead-stabilised PVC have been appropriately evaluated. Indeed, in the
response to comments, the RAC rapporteur admitted that “similar points about emissions
from recycled articles are made in comment #1609, and we agree that these have been
overlooked” (response to comment #1671).

The committees prioritize recycling as “the most appropriate option to control releases of lead
in relation to end of life disposal” (response to comment 1674). We strongly believe that
this is a misconception based on a drastic oversimplification of PVC disposal
options. Disposal options include landfilling and incineration, and the restriction proposal
treats these together (in opposition to recycling). Yet they are very different in terms of their
management of lead.

¢ Incineration creates significant emissions directly to air, as well as water (for wet-
cleaning facilities) and sludge and ash (which-must then be managed as hazardous

waste) (Annex XV restriction report, Annex F1.3).
¢ Landfilling has zero emissions to-air. Emissions to soil depend on integrity of the

landfill: The lower bound is zero (and the restriction background comments that
“metals are not expected to pass through'the landfill body”). Emissions to water (via
leachate) are very low, from about an order of magnitude less than air emissions from
incineration. Moreover; leachate is managed and treated for heavy metals, and
leachate volume declines through the lifetime of the landfill).

Unfortunately, the restriction report generally treats these options together, assuming that
there is no way to predict how a particular material will be disposed. The true emissions from
disposal, however, will'be very much-dependent on the actual distribution of disposal
methods, since landfilling appearsto have-dramatically lower emissions than incineration.
These estimates appear to'be inaccurate and poorly supported:
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¢ Incineration is given too much weight. The modeling of emissions from disposal under
the the “no derogation” case uses predictions of waste management practices from
Tauw (2013), which assumes about 20% recycled, 20% landfilled, and 45% incinerated
in 2020 -- that is, a greater than 2:1 preference for incineration over landfilling (p149).
Data from Eurostat, however, indicates a near parity of landfilling and incineration in
the 2016 EU-28 municipal wastestream (59 vs 66 mt, respectively).*

¢ Tauw’s extrapolation to future PVC waste handling relies on a linear projection of
trends from 1995-2007, and is used with slight modification in the restriction
proposal’s probabilistic release model through 2065 (Table F5, p189). This data
assumes a steady 5:1 preference for incineration -- far higher than the current

breakdown of MSW.
e The very strong weighting of incineration, with its direct air emissions, creates an

unreasonably high impression of emissions rate for the combined “disposal” routes
(including landfilling).

e The assumption that most PVC will go to incineration (by a 5:1 ratio) is inconsistent
with some practical challenges associated with incinerating PVC:

1. PVC incineration creates a large volume of hydrochloric acid that must be
neutralized with additional chemicals, leading to a volume of waste that may
exceed the PVC incinerated. (Tauw 2013, Appendix 2)

2. PVC’s high calorific value may lower incinerator throughput (as the calorific
throughput must be limited).

e Therefore, Tauw notes, “Pure PVC waste usually is not accepted at waste incinerators”,
and “Usually a maximum concentration between 0.5 to 1.5 % of PVC in MSW is
accepted though it is difficult to enforce these maximum concentrations.” Thus, the
assumption that PVC waste is preferentially incinerated by a 5:1 ratio over landfilling
appears unlikely.

¢ If (as seems likely) landfilling is to be preferred over incineration, that preference will
be much easier to implement with the proposed restriction’s “Contains recycled PVC”
label (as well as with the use of simple and inexpensive XRF testing).

Thus, we believe that the risks of disposal have not been adequately assessed.
Recycling of lead-stabilised PVC will delay, but not prevent, its eventual disposal. Eventually,
after some number of service lives, lead-stabilised PVC will need to be disposed; given current
EU waste management trends, this will most likely be.in an incinerator, which we believe to
be the worst possible outcome for PVC waste.

RAC should re-evaluate its assumption that recycling is the lowest-risk alternative
by including the risks over all service lives of the/recycled material. With these risks included,
segregating lead-stabilized PVC jn landfills may provide a lower-risk alternative.

1 ttp //ec. europa eu[eurostat[statlstlcs—

_the EU-28, 1995 _to_ 2016 pnhg
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Circular economy.

As we have pointed out before, the recycling derogation is at odds with the EU’'s commitment
to a circular economy. This is only one example of a broader discrepancy between different
EU goals described in a recent EC communication on the interface between chemical, product,
and waste legislation. 2 In fact, that report uses the problem of hazardous additives to PVC as
an example of the challenge of “legacy substances”.

The expertise of ECHA’s committees leads them to emphasize a narrow view of the proposed
restriction. Future risks from contaminated recycling loops are more difficult to calculate, and
easier to discount. We hope that the Commission will continue to address this
challenge of the interface between chemicals and waste, and that it will provide
guidance on how these goals can be better integrated.

Finally, we note the close analogy of the current situation to that of the authorisation for DEHP
in recycled plastic. Although the COM and the Member States ultimately approved the
authorisation, Parliament took issue with that decision in a nonbinding resolution: “...it is not
acceptable to tolerate potentially numerous cases of male infertility simply to allow soft PVC
recyclers and downstream users to save costs in the production of low-value articles so as to
compete with low-quality imports;” Moreover, Parliament specifically critiqued SEAC’s
emphasis on promotion of recycling, calling it “simplistic”:

one of the arguments given by the SEAC in favour of granting authorisation is that
‘there is a political and societal incentive to promote recycling as a sustainable way to
handle natural resources’; whereas this simplistic argument disregards the
waste management hierarchy laid down in Article 4 of Directive 2008/98/EC,
according to which prevention takes priority over recycling” (B8-1228/2015).

We firmly agree. The derogations in the current restriction are enabled only by an incomplete
assessment of the long-term risks from lead-contaminated recycling loops. Our current
enthusiasm for recycling, though well-meaning, must not put the health of future Europeans
at risk.

For additional information please contact Tatiana Santos tatiana.santos@eeb.org

2 Options to address-the interface between chemical, product and waste legislation.
https://ec.europa.eu/commission/publications/options-address-interface-between-chemical-

product-and-waste-legislation_en
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VinylPlus-PRE-EuPC February 2018 : Annex 1 Public consultation : total emission rates

Pb from selected PVC application vs incineration

Emission during recycling | Service Emission rate Emission rate
. . Cumulated releases to Total releases to . . ) L. :
L and life : Service ) L ) . Incineration min| incineration max
Application tonnage . . . ) environment service life |environment : recycling+ . .
converting/compounding |leaching/ life e o (Echa restriction| (Echa restriction
. (T/year) service life (in T) ) )
(T/year) yearinT Emission rate report Fig 3) report Fig 3)
total
Traffic management (soft) 88.651 7,91E-02 1,68E-01 10 1,68E+00 1,76E+00 1,98E-05 5,70E-04 3,75E-02
Roofing and waterproofing (soft) 12.528 1,12E-02 6,77E-02 20 1,35E+00 1,37E+00 1,09E-04 5,70E-04 3,75E-02
Oth ft PVC profiles, industrial coil
erso protiies, Inaustrial cotis, 1,79E-02 0,00E+00| 10 0,00E+00 1,79E-02 8,95E-07 5,70E-04 3,75E-02
footwear and boots for professional..
20.000
Other soft PVC profiles, industrial coils,
footwear and boots for 20.000 1,79E-02 10 1,00E-02 2,79E-02 1,40E-06 5,70E-04 3,75E-02
professional..(sensitivity)
Rigid monolayer pipes 5.687 8,37E-03 1,54E-04 50 7,70E-03 1,61E-02 2,83E-06 5,70E-04 3,75E-02
Total 126.867
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I. Executive summary

This report quantifies the socio-economic impacts on recycling in applications not
considered to be derogated from the intended restriction on Pb in PVC as outlined in the
SEAC draft opinion dated 30 November 2017:
https://echa.europa.eu/documents/10162/043f92d9-2222-2fcf-6a00-6dd30ea82d9c.

Recycling PVC waste is better for society than incineration or landfilling. For the analysed
recycled PVC applications?!, the societal benefit of recycling is 328 million € per year
(2 437 €/t) compared to incineration and 241 million € per year (1 788 €/t) compared to
landfill.

The societal benefits of recycling compared to incineration and landfilling originate from
the environmental impacts, the economic impacts and the job creation.

The cost per kg lead emission avoided for PVC applications is several orders of magnitude
higher than for the previous restrictions. On a pure weight basis, it is therefore significantly
less cost-efficient to avoid lead emission by restricting PVC recycling than for the previous
restricted applications.

The economic benefit of recycling is 1 333 €/t compared to incineration and 1 079 €/t
compared to landfill.

The environmental benefit of recycling is 972 €/t compared to incineration and 577 €/t
compared to landfill.

Recycling PVC waste is more labour intensive (around 8 FTE/kt) than incineration or landfill
and producing virgin PVC and additives (2.56 FTE/kt).

A drawback of recycling PVC that contain Pb is the emission of Pb that affects negatively
the human health. Some lead is leached from some products containing recycled PVC.

The human health cost (varying from -3 €/t to -345 €/t) is small compared to the
environmental, economic and job creation benefits (1 618 €/t for flexible PVC?, 1 881 €/t
from traffic management and 1 165 €/t for rigid PVC).

! Traffic management, waterproofing (including roofing), mats for stables, greenhouses, 3-layer
hoses, noise insulations sheets, footwear and boots for professionals and rigid monolayer pipes.

2 Except traffic management.
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II. Introduction

This report quantifies the socio-economic impacts on recycling in applications not
considered to be derogated from the intended restriction on Pb in PVC as outlined in the
SEAC draft opinion dated 30 November 2017:
https://echa.europa.eu/documents/10162/043f92d9-2222-2fcf-6a00-6dd30ea82d9c.

The aim of this cost-benefit analysis (CBA) is to assess the societal impact of applying lead
restriction in PVC appliances made from recycled PVC. This restriction would generate a
market switch from post-consumer PVC waste recycling to treatment alternatives (mainly
incineration and landfilling) in the European Union. Identifying and quantifying health,
environmental, economic and social impacts of this market switch provides the necessary
information to assess its relevance.

We performed also a cost efficiency analysis of the economic impacts to compare the cost
per kg lead emission avoided of the PVC application compared to the previous restrictions.

The considered PVC waste treatment routes are:
e Recycling
e Incineration
e Landfill

The current proposed derogation for the use of PVC recyclate containing Pb into articles
foresees the following applications and maximum Pb contents:
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The conditions of the restriction proposed by RAC and SEAC are:

Substance Identity (or
group identity)

— Lead compounds

Conditions of the restriction

1. Shall not be used in articles produced from
polymers or copelymers of vinyl chloride {PVC).

2. Articles produced from polymers or copolymers
of vinyl chloride (PVC) shall not be placed on the market if
the concentration of lead (expressed as Pb metal) is equal
to or greater than 0.1% by weight of the PYC material.

3. Paragraphs 1 and 2 shall apply 24 meonths from
the entry into force of the restriction.

4, By way of dercgation, paragraph 2 shall not
apply to:

(a) the following rigid PVC article types containing PVC
recyclate for a period of 15 years from entry into force,
if the concentration of lead (expressed as metal) does
not exceed 2% by weight of the PVC material:

- profiles and sheets for exterior applications in
buildings and nen-buildings. (eor example, gutters,
fascias, shutters, blinds and wall dadding);

- decks and terraces provided the the recycled PVC is
used in the middle layer and is entirely covered with
a layer of virgin PVC;

- profiles and sheets for use in concealed spaces or
voids in buildings and nen-buildings (where they are
inaccessible  during normal  uwse, excduding
maintenance, for example, cable ducts);

- profiles and sheets for interier building applications
provided the entire surface of the profile or sheset
facdng the occupied areas of a building after
installation are produced using wvirgin PVC (for
example, doors and windows fabricated from co-
extruded PVC prefiles or sheets);

- multi-layer pipes if the recycled PVC is used in the
middle layer and is entirely covered with a layer of
virgin PWC (excluding pipes for drinking water); and

- fittings, excluding fittings for pipes for drinking
water (for example joints, elbows, flanges for
pipes, furniture, coachwark, etc).

All virgin PVC used in combinaticn with recycate in the
above applications shall comply with paragraph 2.

Suppliers shall ensure before the first placing on the
market of mixtures and articles specified above and

February 2018
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containing recycled PVC that these are wvisibly, legibly
and indelibly marked as follows: 'Contains recycled
PWCT

{b) the following PVC article types containing flexible [soft)
PVC recyclate for a period of 15 years from entry into
force, if the concentration of lead (expressed as metal)
does not exceed 1% by weight of the PVC material:

- mats for stables and greenhouses;

- multi-layer hoses;

- noise insulation sheets;

- the following applications provided the recycled PVC
is entirely enclosed with a layer of wirgin PVC:
roofing and waterproofing, road furniture, traffic
management systems and professional foobwear.

All virgin PYC used in combination with recydate in the
above applications shall comply with paragraph 2.

Suppliers shall ensure before the first placing on the
market of mixtures and articles specified above and
containing recycled PVC that these are visibly, legibly
and indelibly marked as follows: 'Contains recycled
PYC

{c) PVC-silica separators in lead acid batteries for a period
of 10 years from entry into force.

{d) Articles covered by paragraph 7 of Entry 63 of Annex
XWII.

{e]) Articles covered under existing legislation:

- food contact materials covered by Regulatiom [EC)
No 1935/2004 and Regulation (EU) No 10/2011 on
plastic materials;

- articles cowered under Directive 2011/65/EU of the
European Parliament and of the Council of 8 June
2011 on the restriction of the use of certain
hazardous substances in electrical and electronic
equipment (RoHS Directive);

- Directive 94/62/EC on packaging and packaging
washte;

- Directive 2009/48/EC on the safety of toys.

5. By way of derogation, paragraph 2 shall not
apply to articles for which it can be demonstrated that they
have been placed on the market for the first time before
xxxxx (based on the transition period of 24 months].

6. By way of derogation, paragraphs 1 and 2 shall
not apply to the use of the following pigments :

] Lead sulfochromate yellow
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] Lead chromate molybdate sulfate red

The CBA focuses on the following recycled PVC applications, which are currently not
considered for exemption by the proposal of ECHA:

e Traffic management (flexible)
e Waterproofing (including roofing) (flexible)

e Other flexible: footwear and boots for professionals, industrial coils, soft profiles
(for use as gaskets or shock absorbers), those last 2 applications were not quoted
explicitly in the previous comment to the public consultation, but now that a
precise positive list approach is considered they should be differentiated. There
would actually be other smaller soft PVC uses but those were not identified
precisely to VinylPlus®. Together those application are estimated to use 20 kt of
recyclate out of which 6 kt in footwear application (boots and wellingtons for
professionals)

3-layer hoses, noise insulations sheets are not included compared to previous
CBA report dated August 2017 since those applications have been proposed to
be derogated, also recycled PVC compound has been excluded since it could find
applications within the proposed derogated applications.

e Rigid monolayer pipes

Aggregated results for these recycled PVC applications in the EU are also computed.

The CBA analyses 4 types of impacts:
e Human health

The "Human health” part covers the children’s IQ loss due to lead leaching in the
environment. The other human health impacts are covered in the environmental
impacts category through the “Toxicity” impact category

e Social impacts: Job creation
e Economic impacts

e Environmental impacts
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III. Methodology and hypotheses
III.1. Applications

Figure 1 presents the applications covered by the detailed cost-benefit analysis (CBA).
Figure 1 : Application data: recycled PVC
100 000

90 000 88 651

Flexible
80 000

70 000
60 000
+~ 50000
40 000

30000

20000
20000

12528

- . -
0 ]

Traffic management Waterproofing Other* Rigid monolayer pipes
(including roofing)

* Footwear and boots for professionals, soft profiles, industrial coils and others.
Source: VinylPlus© - 2018 / February
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II1.2. Human health

Table 1 shows the assumptions used by Arche Consulting (2017) to compute the lead
leaching per year per application in the European Union. In addition, we calculated the
cumulative leaching of applications during service life based on the lifetime. For the
category other a sensitivity analysis will be applied using the OECD Emission Scenario
document for plastics additives® (p. 114, heat stabilizers service life), which was also used
by ECHA in its annex XV report.

Table 1 : Lead emission and leaching assumptions per application

Traffic Waterproofin Rigid
manageme | g (including monolayer Source
nt roofing) pipes
Pb content 0.5 % 0.5 % 0.5% 2.8% VinylIPlus®
Average
thickness 10 2 / 3 VinylIPlus®
(mm)
(D<_31e/rrllili“t)y 1.25 1.25 / 1.42 VinylIPlus®
Lifetime 10 20 10 50 VinylPlus®
(years)
Emission
during
recycling and 7.91E-02 1.12E-02 1.79E-02 8.37E-03 | Arche Consulting
converting/co
mpounding
(t/year) in EU
Service life:
leaching 1.68E-01 6.77E-02 0.00E+00 1.54E-04 Arche Consulting
t/year in EU
Calculated by RDC
s e 0.00E+00 Environment
Service life: based Arch
cumulated ased on Arche
. . 1.68E+00 1.35E+00 1.00E-02 7.70E-03 Consulting’s
leaching t in o
EU (sensitivity results and OECD
analysis®) for the sensitivity
analysis
I;':‘a'ses to Calculated by RDC
) 1.79E-02 Environment
environment
from based on Arche
recvcling till 1.76E+00 1.37E+00 2.79E-02 1.61E-02 Consulting’s
endyof 9 (sensitivity results and OECD
service life analysis®) for the sensitivity
(t) in EU analysis

3 OECD series on emission scenario documents, number 3, emission scenario document on plastic
additives, ENV/JM/MONO(2004)8/REV1, 09-Jul-2009, p. 114. Recuperated from: http://www.oecd-
ilibrary.org/docserver/download/9714291e.pdf?expires=1518255269&id=id&accname=guest&chec
ksum=287780B8086D95DEC3AFFB023D25D64A

4 Footwear and boots for professionals, soft profiles, industrial coils and others.

5 Assumption: abrasion and other releases of 0.01% over the service life of the plastic of (OECD
emission scenario document plastics additives - heat stabilizers).
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Source: Arche Consulting 2017 and VinyIPlus®

Arche Consulting calculated the related IQ loss per child per recycled PVC application
(Error! Reference source not found. in Annex VIII.1) due to:

e The lead emission of the recycling and converting/compounding process

e The lead leaching during one year of service life of the product (which we then
multiplied by the lifetime of the application)

Arche Consulting uses an adapted EUSES regional exposure model and assumed that 10 %
of the EU PVC lead emissions ends up in this region of 20 million habitants. 100 % of the
lead emissions would therefore affect 200 million inhabitants in the EU.

“As a reference, the Pb exposure through recycling of PVC was compared to typical
background Pb concentrations. The estimated environmental concentrations of all uses
combined were at least a factor 103 below natural background Pb concentrations and a
factor 10* below both the measured (FOREGS) and modelled (VRAR) regional PEC (natural
background and all historical and current anthropogenic lead sources).”®

Arche Consulting’s modelling is based on worst case assumptions. Applying the model to
the total yearly lead exposure in the EU generates an estimation that children aged 6 years
or younger in the EU would lose on average 29.2 IQ points per year, i.e. 175.2 IQ points
in a 6-year period (Table 2). This illustrates the model overestimates the effects as the
average IQ of adults is about 100.

Table 2: IQ loss per child in the modelled region by Arche Consulting

Average yearly IQ loss of children

Lead emissions aged 6 years or younger Source
Total lead emission 29.2 Arche Consulting with PEC model
in the EU ’ based on VRAR (2008)

As a CBA balances costs and benefits, best estimates are preferred as base case to
overestimations. The following assumption is used: children aged 6 years or younger in
the EU lose 1 IQ point per year, i.e. 6 IQ points in a 6-year period.

Table 3 shows the assumptions to estimate the part of children aged 6 years or younger
in the EU.

Table 3 : Part of children aged 6 years or younger in the EU

Description ‘ Value Source

Number of children aged 6 years or

younger in the EU 31 391 665 | Eurostat (2016)

EU population 511 805 088 | Eurostat (2017)

Table 4 shows the monetary values of 1 IQ point loss.
Table 4 : IQ point monetisation

Description Value Source

6 Arche Consulting (2017).
7 ECHA (2016), Annex XV restriction report - lead compounds-PVC.
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IQ point value (€ 2014/1Q point/person) 10 000

IQ point value (€ 2017/1Q
point/person)8

ECHA (2016), Annex XV restriction report - lead
10 178 | compounds-PVC based on Lin et al. (2016)

IQ point value ($ 2000/1Q point/person) 14 500 | Grosse, S. D., Matte, T. D., Schwartz, J., & Jackson,
R. J. (2002). Economic gains resulting from the

1Q point value (€ 2017/1Q reduction in children's exposure to lead in the United
point/person)® 18 368 §t6%tes. Environmental health perspectives, 110(6),

The value proposed by ECHA is used: 10 178 € 2017/1Q point/person.

8 Taking inflation into account (Eurostat).

9 Taking inflation (Bureau of labor statistics) and the exchange rate (0.88 on 30t June 2017) into
account.
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Methodology note

The lead emission due to incineration or landfill is not considered assuming the recycled
PVC applications will ultimately be incinerated or landfilled one day. There would be a
full compensation over time. As human health impacts are not discounted, assuming an
impact on the human health today and in the future are equal from a societal point of
view, the only potential difference could result from a different incineration/landfill ratio
or a different emission control systems. Excluding this potential difference
underestimates the health benefits of recycling. Postponing the emission of Pb through
incineration or landfill could also potentially enable to develop alternatives end of life
treatment routes in the future, but this is too uncertain and therefore not quantifiable.

III.3. Common assumptions

Table 5 presents the assumptions that are common to two or three impact categories: job
creation, economic and environmental impacts.

Rigid PVC waste and flexible PVC waste is differentiated by assuming 30 %1° of additives
in flexible PVC waste.

Table 5 : Assumptions for the social, economic and environmental impact

analysis

Assumptions Unit ‘ Value Source

Distance to recycling and converting km 400 | RDC Environment
Distance to incineration or landfill km 30 RDC Environment
Work days per year days 220 | RDC Environment
Work hours per day hours 7.6 RDC Environment
Tonne per truck t 10 RDC Environment
Truck, container (10 t) and driver €/hour -55 RDC Environment
Container transport duration hour 1 RDC Environment
Average speed km/h 70 RDC Environment
Administrative coefficient 1.1 RDC Environment
Admin burden (transboundary transport) | hour/transport (convoy) 0.5 RDC Environment

III.4. Employment

Job creation/preservation in Europe is analysed for PVC treatment:
e Recycling PVC waste and converting recyclates
Rigid PVC
Flexible PVC

e Incineration and landfill of PVC waste and production of virgin PVC

10 VinylPlus®.
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From the number of FTE!! needed by these activities, we evaluate the FTE job
creation/preservation  called net job creation/preservation. The net job
creation/preservation is different from the employment because of job substitutions (e.g.
a recycling plant manager could manage a landfill plant).

The current study assumes:

e Between 80 and 100 % of the jobs are for non-qualified people (upper secondary
education diploma'? or lower)

e Between 0 and 20 % are for qualified people (higher diploma than upper
secondary education'?)

The monetisation factors of a FTE job creation are (see Annex VIIIL.2) (Figure 2):
e Income tax; social security and non-wage labour cost increase: 25 020 €/year
e Social cohesion increase: 13 348 €/year

This total value (38 368 €) is similar to the range provided by the European Commission’s
method!3 : between 32 000 € and 39 600 €/year per FTE job creation without social
cohesion.

Figure 2 : Social benefit of a FTE job creation social based on a wage expense of
40 000 € per year

45 000
40 000
35 000
30 000
25 000
20 000
15 000
10 000
5000
0

38 368

on

m Social cohesion

M Income tax, social
security and non-
wage labour costs

€/year per FTE job creat

Table 6 shows the assumptions to compute the job creation of the PVC waste treatment
routes.

11 Full time equivalent.
12 ISCED 2011 levels of education.

13 European Commission, (2014). Guide to Cost-Benefit analysis of Investment Projects.
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Table 6: Job creation assumptions

Assumptions Unit Value Source

Separate PVC collection RDC Environment (2013). SERVICE PUBLIC
on municipal FTE/kt 4.86 DE WALLONIE - Evaluation de la politique
environmental stations régionale relative aux parcs a conteneurs.
Mixed plastic collection RDC Environment (2013). SERVICE PUBLIC
on municipal FTE/kt 1.24 DE WALLONIE - Evaluation de la politique
environmental stations régionale relative aux parcs a conteneurs.
Rigid PVC recycling FTE/kt 1.99 PVC recyclers interviews
Flexible PVC recycling FTE/kt 2.20 PVC recyclers interviews
Converting recyclates FTE/kt 0.87 PVC converters interviews
ProQgcmg virgin PVC and FTE/kt 1.00 Institute of Materials, Minerals and Mining
additives

- - - 5 -
Uvelia (incinerator) tonnes 370 000 Eiliac;{]/www.uvella.be/lndex.php.Daqe introd
Uvelia (incinerator) FTE 71.7 BNB, social report 2015

Table 7 shows the job creation of PVC waste treatment routes in full time equivalent (FTE)
per kt. The job creation of incineration and landfilling is similar and we assume it is equal.
In the case of incineration or landfill, we considered that the recycled PVC has to be
replaced by virgin PVC. Waste collection (especially separate waste collection for recycling)
and recycling is labour intensive.

For 1 kt of PVC waste and production of virgin PVC in case of incineration and landfill:
e Recycling leads to 7.94 or 8.6 FTE (depending of the PVC waste type)
e Incineration and landfilling lead to 2.56 FTE

Table 7: Job creation of the PVC waste treatment routes

Recycling Incineration
Rigid Flexible or landfill
FTE/kt FTE/kt FTE/kt
Collection 4.86 4.86 1.24
Transport 0.44 0.44 0.09
Transboundary admin 0.03
Recycling 1.99 2.20
Transport 0.44 0.44
Converting recyclates 0.87
Producti_o_n of virgin PVC 1.00
and additives
Incineration or landfill 0.19
Total 8.60 7.94 2.56
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III.5. Economic impacts

Intrinsically, to realise a cost-benefit analysis to make a societal choice, it is recommended
to use a cost approach because they reflect the allocated resources (labour, capital and
natural resource).

Table 8 details the assumptions of the economic cost analysis.

Table 8 : Economic cost assumptions

Description ‘ Unit Value Source
RDC Environment (2013). SERVICE
Collection of PVC on municipal €/t 227 PUBLIC DE WALLONIE - Evaluation de

la politique régionale relative aux
parcs a conteneurs.

environmental station

Collection of PVC cables €/t -152 | RDC Environment
Gross recycling without
sorting (rigid and flexible €/t -363 | PVC recycler interviews

except traffic management)
Gross recycling without

sorting (traffic €/t - 100 | VinylIPlus®

management)4

Virgin PVC cost €/t -1 000 | ECVM

Admin FTE cost € per year -40 000 | RDC Environment

Mixed plastic collection €/t -41 | RDC Environment

Landfill price €/t -125 | ECVM (2016)

Rigid PVC incineration cost €/t -438 \P;IDHC f)”"'m”me”t model (Annex
Flexible PVC incineration cost €/t -346 \I}?I?“E)nwronment model (Annex
Additive price €/t 1125 gz’ggnal Chemical Inspectorate, 2000,

Table 9 presents the economic cost analysis.

PVC converters face the cost of collection and recycling while avoiding buying virgin PVC
and additives.

The value chain of recycling PVC waste is positive:
o 337 €/t for rigid PVC
e 749 €/t for flexible PVC (except traffic management)
e 1011 €/t for traffic management
The value chain of incineration and landfill is negative:
e Incineration of rigid PVC: -488 €/t
e Incineration of flexible PVC: -426 €/t

14 The recycled PVC used in traffic management application is only grinded (and not micronized like
for the other applications). The gross recycling cost of recycled PVC used in traffic management
application is therefore lower than the gross recycling cost of PVC used for other application.

February 2018 Page 19 of 51







Cost-benefit analysis of recycling PVC applications containing lead

& rdc

environment

e Landfill: -175 €/t

To compare the PVC treatment routes, the difference of the sum of the cost and benefits
of the value chain matters, e.g. the benefit of recycling flexible PVC waste (except for
traffic management) instead of incineration is 1 175 €/t.

Table 9: Economic cost /benefit analysis

Recycling Incineration

Flexible . :
Rigid (except traffic Traffic Rigid | Flexible Landill
management) management
€/t €/t €/t
Collection -227 -152 -152 -41 -41 -41
Transport -37 -37 -37 -8 -8 -8
Transboundary admin -1 -1 -1
Recycling -363 -363 -85
Transport -37 -37 -37
Replaced material price 1000 1337 1337
Incin./landfill -438 -376 -125
Total 337 749 1011 | -488 -426 -175

A positive value indicates a benefit. A negative value indicates a cost.

Therefore, a positive total corresponds to the benefit to society to choose this waste
treatment route and a negative total indicates a cost to society.

II1.6. Environmental impacts

I11.6.1. SCOPE

Treating 1 tonne of PVC waste in Europe:
e Rigid PVC waste
e Flexible PVC waste

The residues?® are not considered in the model because they are incinerated or landfilled
in the different treatment routes (recycling, incineration and landfill).

15 The non-PVC waste that is collected with the PVC waste.
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Recycling process

including waste collection, sorting, transport and all Transport from recycler
operations specific to plastic waste regeneration to converter
(washing, shredding, densification, micronization,

granulation, compounding)

Avoided virgin material Avoided transport to
production converter

Rigid PVC waste and flexible PVC waste is differentiated for incineration by assuming
30 %1 of plasticisers in flexible PVC waste.

Transport to
incineration plant

Incineration process

Energy recovery
(electricity and heat)

Transport to landfill
site

Landfilling

I11.6.2. IMPACT CATEGORIES

The following impact categories were analysed:

e Global Warming Potential (with 90€/t CO2 emitted)

16 \VinylIPlus®.
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e Natural resource consumption!”
e Toxicity

e Acidification

e Stratospheric ozone depletion

e Water quality deterioration

e Damage to structures

I11.6.3. DATA

Table 10: Inventory data sources

Year of
Process name Unit publicati Source
on

Transport
Truck, Rigid 28 - 32 t, rural, 100% Euro 3 km 2015 Copert IV
Truck, Articulated 34 - 40 t, rural, 100% Euro 4 km 2015 Copert IV
diesel, low-sulphur, at regional storage, RER .
[#1548] kg 2010 Ecoinvent v2.2
Infrastructure processes for road transport 2010 Ecoinvent v2.2

Incineration

RDC Environment,
kg 2012 based on ecoinvent
modelling and BREF

Disposal PVC 0% water to municipal incineration
(deNOx SCR / deNOx SNCR / no deNOx)

Electricity

Electricity production modes kWh 2010 Ecoinvent v2.2
Heat

heat, natural gas, at industrial furnace low-NOx

>100kW, RER [#1352] MJ 2010 Ecoinvent v2.2
Landfilling

disposal, polyvinylchloride, 0.2% water, to .

sanitary landfill, CH [#2236] kg 2010 | Ecoinvent v2.2
Recycling

Production of R-PVC kg 2017 SRP18

Material production

17 Monetised with RDC Environment’s market price based valuation of abiotic resources method
(principle of the method described in the Annex VIII.3).

18 SRP: Syndicat des Régénérateurs de matiéres plastiques. http://www.srp-recyclage-
plastiques.org/index.php/donnees-recyclage/icv-des-mpr.html
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(Flexible PVC) polyvinylchloride, suspension .
polymerised, at plant, RER [#1843] kg 2010 Ecoinvent v2.2
(Rigid PVC) polyvinylchloride, suspension .
polymerised, at plant, RER [#1843] kg 2010 Ecoinvent v2.2

Table 11: Activity data

Data Unit Value Source

Incineration

Share of deNOx SCR % 21.5 %

Share of deNOx SNCR % 11.5 % BREF Incineration, 2006;
European average

Share of No deNOx % 67 %

Energy recovery

Estimation based on

Lower heating value of PVC MJ/kg 20 Ecoinvent Data

Yield of electricity recovery % 10.1 % Default data proposed within
Yield of heat recovery % 31 % the PEF framework
Electricity mix - share nuclear % 25.2%

Electricity mix - share coal % 25.2%

Electricity mix - share gas % 16.2%

Electricity mix - share oil % 1.5%

. ) IEA - Data for the year 2014
Electricity mix - share % 17.2% - Production mix of Europe
hydropower

. o : o
Electricity mix - share wind Yo 7.4%
power

. o o
Electricity mix — share other Yo 7.3%
renewable

PVC recycling

. L . } ®
Y|elcigof recycling - flexible % 100% VinylPlus
PVC

Yield of recycling - rigid PVC 19 | % 100% VinylIPlus®
Substitution rate - : ®
incorporation of flexible R-PVC 1 VinylPlus
Substitution rate - 1 VinyIPlus®

incorporation of rigid R-PVC

Transport to converter

19 This assumption is neutral for the comparison of treatment routes because the PVC that is not
recycled would also be incinerated or landfilled in the other treatment routes (incineration and
landfill).
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D'Staf‘ce from virgin PVC km 400 Assumption RDC Environment
supplier to converter
Loading rate of truck 1 Assumption RDC Environment

I11.6.4. MONETISED RESULTS

Note, unlike most LCA studies, a positive environmental impact is a benefit for society and
a negative environmental impact is a cost for society (as for the presentation of economic
results).

Recycling rigid and flexible PVC waste has a positive (499 €/t for rigid and 565 €/t for
flexible PVC) environmental impact due to the following impact categories:

e Toxicity
e Global warming potential
e Natural resource consumption

For all impact categories, the benefits of recycling are due to the avoided production of
virgin PVC and additives.

Incineration of rigid and flexible PVC waste has a negative (-441 €/t for rigid and -409 €/t
for flexible) environmental impact due to the following impact categories:

e Toxicity: The main contributions are from
NOx emissions,

S02 emissions due to the production of chemicals for the flue gas
treatment, namely soda powder (HCl emissions are targeted in the
incinerator)

Particulate emissions.
These negative impacts are partially compensated by the energy valorisation.

e Global warming potential: The main contributions are from the direct CO2
emissions and the indirect through the consumption of chemicals for the flue gas
treatment. These negative impacts are partially compensated by the energy
valorisation.

The environmental impact of landfilling PVC waste is negligible (-15 €/t) compared to those
of recycling and incineration.

Figure 3 compares the monetised environmental impacts of the treatment routes.
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Figure 3 : Detailed monetised environmental results
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IV. Cost efficiency

The best estimate cost per kg lead emission avoided is:
e Previous restrictions: best estimate from 400 to 4 100 €/kg
e PVC applications: 15 686 to 2 637 841 €/kg

The black bar (on Figure 4 and Figure 5) represents the minimum restriction cost for lead
in PVC representing 100% landfill (first number in the parenthesis). The sum of the black
and grey bar (on Figure 4 and Figure 5) is the maximum restriction cost for lead in PVC
representing 100% incineration (second number in the parenthesis).

Figure 4 shows the cost efficiency of Pb restriction for the analysed PVC applications
compared to existing restrictions of toxic components (ECHA?%). We compare recycling to
incineration and landfill for the following impacts:

e Job creation
e Economic impacts

e Environmental impacts

Methodology note

We compare the waste treatment routes (recycling vs. incineration and recycling vs.
landfill) because the comparison matters and not the absolute values. When a waste
stream arises, the waste has to be managed one way or another. When a product is on
the market, the waste stream is unavoidable. Therefore, the comparison of the treatment
routes is relevant to make a decision.

The cost per kg lead emission avoided for PVC applications is several orders of
magnitude higher than for the previous restrictions. On a pure weight basis, it is
therefore significantly less cost-efficient to avoid lead emission by restricting PVC recycling
than for the previous restricted applications.

Of course, this figure alone is not sufficient to draw conclusions as the relative toxicity of
the restricted chemicals should be taken into account. But if Pb is not considered more
toxic than the other restricted chemicals mentioned in the Annex XV report, then its
restriction is less cost-efficient by several orders of magnitude.

20 ECHA (2016), Annex XV restriction report - lead compounds-PVC.
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The black bar (on Figure 4 and Figure 5) represents the minimum restriction cost for lead in PVC representing 100% landfill (first
number in the parenthesis). The sum of the black and grey bar (on Figure 4 and Figure 5) is the maximum restriction cost for lead
in PVC representing 100% incineration (second number in the parenthesis).

Figure 4: Cost-effectiveness of lead restriction in PVC applications compared to previous restrictions (linear scale) -
base case
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* Other: (footwear and boots for professionals, soft profiles, industrial coils and others)
Source: RDC Environment for the lead in PVC and ECHA for the other applications
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Figure 5: Cost-effectiveness of lead restriction in PVC applications compared to previous restrictions (linear scale) -
sensitivity analysis for “"Other*”
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* Other: (footwear and boots for professionals, soft profiles, industrial coils and others)
Source: RDC Environment for the lead in PVC and ECHA for the other applications
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V. Cost benefit analysis results

Reminder: methodology note

The lead emission due to incineration or landfill is not considered assuming the recycled
PVC applications will ultimately be incinerated or landfilled one day. There would be a
full compensation over time. As human health impacts are not discounted, assuming an
impact on the human health today and in the future are equal from a societal point of
view, the only potential difference could result from a different incineration/landfill ratio
or a different emission control systems. Excluding this potential difference
underestimates the health benefits of recycling. Postponing the emission of Pb through
incineration or landfill could also potentially enable to develop alternatives end of life
treatment routes in the future, but this is too uncertain and therefore not quantifiable.

V.1. Traffic management

Figure 6: Detailed CBA results of the treatment routes for traffic management
applications

Traffic management
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>
> Human health
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é = Economic impacts
s 0 — = m Job creation

-50 36

-100

Recycling Incineration Landill

Economic and environmental impacts have the biggest impact of the treatment routes. The
economic and environmental impacts are positive for recycling but negative for incineration
and landfill. The environmental impact of landfill is small. Recycling creates more jobs than
incineration or landfill. The human health impact of recycling is small.
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Figure 7: CBA results of the treatment routes for traffic management
applications
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Using PVC recyclates in traffic management applications is better for society than
incinerating or landfilling PVC waste. The societal benefit of recycling is:

e 226 million € per year if avoiding incineration

e 169 million € per year if avoiding landfilling.
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V.2. Waterproofing (including roofing)

Figure 8: Detailed CBA results of the treatment routes for waterproofing
(including roofing) applications
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Economic and environmental impacts have the biggest impact of the treatment routes. The
economic and environmental impacts are positive for recycling but negative for incineration
and landfill. The environmental impact of landfill is small. Recycling creates more jobs than
incineration or landfill. The human health impact of recycling is moderate.
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Figure 9: CBA results of the treatment routes for waterproofing (including
roofing) applications
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Using PVC recyclates in waterproofing applications is better for society than incinerating or
landfilling PVC waste.

The societal benefit of recycling is:
e 25 million € per year compared to incineration

e 17 million € per year compared to landfill
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V.3. Other (footwear and boots for professionals,
soft profiles, industrial coils and others)

Figure 10: Detailed CBA results of the treatment routes for 3-layer hoses, noise
insulations sheets, footwear and boots for professionals (base case)
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* Other: (footwear and boots for professionals, soft profiles, industrial coils and others)

Economic and environmental impacts have the biggest impact of the treatment routes. The
economic and environmental impacts are positive for recycling but negative for incineration
and landfill. The environmental impact of landfill is small. Recycling creates more jobs than
incineration or landfill. The human health impact of recycling is very small.
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Figure 11: Detailed CBA results of the treatment routes for footwear and boots
for professionals, soft profiles, industrial coils and others (sensitivity analysis)
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* Other: (footwear and boots for professionals, soft profiles, industrial coils and others)

With the sensitivity analysis?!, the human health impact of recycling is still very small.

21 OECD Emission Scenario document for plastics additives.
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Figure 12: CBA results of the treatment routes for footwear and boots for
professionals, soft profiles, industrial coils and others (base case)

Other*
40

30

N
o

=
o

Million € per year

o

-10

-20
Recycling Incineration Landfill

* Other: (footwear and boots for professionals, soft profiles, industrial coils and others)

Using PVC recyclates in footwear and boots for professionals, soft profiles, industrial coils
and others is better for society than incinerating or landfilling PVC waste. The societal

benefit of recycling is:
e 47 million € per year compared to incineration

e 34 million € per year compared to landfill
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Figure 13: CBA results of the treatment routes for footwear and boots for
professionals, soft profiles, industrial coils and others (sensitivity analysis)
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* Other: (footwear and boots for professionals, soft profiles, industrial coils and others)

The sensitivity analysis does not change the results.
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V.4. Rigid monolayer pipes
Figure 14: Detailed CBA results of the treatment routes for rigid pipes
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Economic and environmental impacts have the biggest impact of the treatment routes. The
economic and environmental impacts are positive for recycling but negative for incineration
and landfill. The environmental impact of landfill is small. Recycling creates more jobs than
incineration or landfill. The human health impact of recycling is very small.
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Figure 15: CBA results of the treatment routes for rigid pipes
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Using PVC recyclates in rigid monolayer pipes is better for society than incinerating or
landfilling PVC waste. The societal benefit of recycling is:

e 11 million € per year compared to incineration

e 7 million € per year compared to landfill
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V.5. Aggregated results of these recycled PVC
applications

Figure 16: Detailed CBA results of the treatment routes for these PVC
applications
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Economic and environmental impacts have the biggest impact of the treatment routes. The
economic and environmental impacts are positive for recycling but negative for incineration
and landfill. The environmental impact of landfill is small. Recycling creates more jobs than
incineration or landfill. The human health impact of recycling is small.
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Figure 17: CBA results of the treatment routes for these PVC applications
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Using PVC recyclates is better for society than incinerating or landfilling PVC waste. The
societal benefit of recycling is:

e 328 million € per year compared to incineration

e 241 million € per year compared to landfill
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V.6. Result summary table

Table 12: Result summary table

Waterproofing

Treatment routes mar-ll-;zfef:ent (including Other* Rigid :}:::Iayer Othe;*n:fynssis ity

roofing)
Type of PVC Flexible Flexible Flexible Rigid Flexible
Recycled PVC t 88 651 12 528 20 000 5 687 134 628 20 000
Human health Recycling € -5562 963 -4 325 425 -56 547 -52 313 -10 142 100 -88 219
Recycling € 89 639 701 9 379 412 14 972 993 1916 370 121 718 914 14 972 993
Economic impacts Incineration € -37 755 676 -5335 735 -8 517 797 -2777 734 -57 692 369 -8 517 797
Landfill € -15511 573 -2 192 138 -3 499 459 -995 064 -23 556 238 -3 499 459
Job creation Recycling € 27 003 088 3816 150 6 091 980 1875 631 41 150 910 6 091 980
Incineration or landfil € 8 704 792 1230 185 1 963 828 558 411 13 219 301 1963 828
Recycling € 50 098 130 7 080 004 11 302 293 2 835614 75 702 024 11 302 293
Environmental impacts Incineration € -36 235 251 -5 120 864 -8 174 784 -2 508 143 -55 211 360 -8 174 784
Landfill € -1 308 348 -184 899 -295 167 -83 930 -1 986 887 -295 167
Recycling € 161 177 956 15 950 141 32310718 6 575 302 228 429 748 32 279 046
Total Incineration € -65 286 135 -9 226 415 -14 728 753 -4 727 466 -99 684 428 -14 728 753
Landfill € -8 115 128 -1 146 852 -1830 798 -520 584 -12 323 824 -1 830 798
Human health Recycling €/t -63 -345 -3 -9 -75 -4
Recycling €/t 1011 749 749 337 904 749
Economic costs Incineration €/t -426 -426 -426 -488 -429 -426
Landfill €/t -175 -175 -175] -175 -175 -175
Job creation Recycling €/t 305 305 305 330 306 305
Incineration or landfil €/t 98 98 98 98 98 98
Recycling €/t 565 565 565 499 562 565
Environmental impacts Incineration €/t -409 -409 -409| -441 -410 -409
Landfill €/t -15 -15 -15 -15 -15 -15
Recycling €/t 1818 1273 1616 1156 1697 1614
Total Incineration €/t -736 -736 -736 -831 -740 -736
Landfill €/t -92 -92 -92 -92 -92 -92

* Other: (footwear and boots for professionals, soft profiles, industrial

coils and others)
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VI. Conclusions

Conclusion 1: Recycling PVC waste is better for society than incineration or
landfilling

For the aggregated results of the analysed recycled PVC applications, the societal benefit
of recycling per year is:

e 328 million € compared to incineration (2 437 €/t)
e 241 million € compared to landfill (1 788 €/t)

The cost per kg lead emission avoided for PVC applications is several orders of magnitude
higher than for the previous restrictions. On a pure weight basis, it is therefore significantly
less cost-efficient to avoid lead emission by restricting PVC recycling than for the previous
restricted applications.

Conclusion 2: From the economic viewpoint, recycling PVC waste is cheaper than
incinerating or landfilling it

The costs and benefits of the PVC recycling value chain is positive compared to incineration
and landfilling:

e Recycling flexible PVC?2 waste compared to incineration: 1 175 €/t
e Recycling flexible PVC??2 waste compared to landfill: 924 €/t

e Recycling flexible PVC waste to convert traffic management applications
compared to incineration: 1 437 €/t

e Recycling flexible PVC waste to convert traffic management applications
compared to landfill: 1 186 €/t

e Recycling rigid PVC waste compared to incineration: 825 €/t

e Recycling rigid PVC waste compared to landfill: 512 €/t

Conclusion 3: For the environment, it is better to recycle PVC waste than to
incinerate or landfill it

Recycling PVC waste has a positive environmental impact compared to incineration and
landfilling:

e Recycling flexible PVC waste compared to incineration: 974 €/t
e Recycling flexible PVC waste compared to landfill: 580 €/t

e Recycling rigid PVC waste compared to incineration: 940 €/t

e Recycling rigid PVC waste compared to landfill: 513 €/t

22 Except for traffic management applications.
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Conclusion 4: Recycling PVC waste creates more jobs than incineration or
landfill

Recycling PVC waste is much more labour intensive (8.6 FTE/kt for rigid PVC and 7.94
FTE/kt for flexible PVC) than incineration or landfill and producing virgin PVC and additives
(2.56 FTE/kt). Waste collection (especially separate waste collection for recycling) and
recycling is labour intensive while incineration and landfill are not.

Conclusion 5: The human health impact due to the lead leaching from recycled
PVC application is small compared to the environmental, economic and job
creation benefits

For the aggregated results for the analysed recycled PVC applications, the monetised cost
of the human health impact is 10 million € per year (varying from -3 €/t to -345 €/t). The
human health costs are small (about 4 %) compared to the environmental, economic and
job creation benefits of 239 million € (1 618 €/t for flexible PVC?3, 1 881 €/t from traffic
management and 1 165 €/t for rigid PVC).

23 Except traffic management.
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VIII. Appendix
VIII.1. Arche Consulting resulit

Preliminary remark: The “other uses” category in the tables below does not correspond to
the one used in this report because the recycled PVC quantity was adapted due to the
SEAC derogation of November 2017. We multiplied the impacts by 20 000/34 315.

VIII.1.1. RECYCLING

Table 13: Expected regional exposure for Pb for the amount of PVC recycled for
each use use for mothers and children. F = fraction to each compartment

Total Pb Phoes
Use Type dose (mg Farw Ffish Fieaf Froct Fmeat | Fmilk Fair (gL IQloss*®
Kgow! d)
495E- | 2.54E-
Monolayer | Mother | 275E:09 | 0.001 | 0491 | 0284 | 0091 | 0051 | 0.078 | 0.003 | s
pipes Chid |691E-09 | 0.001 | 0.456 | 0.263 | 0.085 | 0.048 | 0.145 | 0.002 [114255 gé‘"E‘
Trafiic man- | Mother | 256E-08 | 0002 | 0.522 | 0.266 | 0.086 | 0048 | 0.073 | 0.002 gsz' %—53?'5'
agement ) 116E- | 594E-
(soft) Child | 641E08 | 0001 | 0487 | 0248 | 0080 | 0.045 | 0.137 | 0.002 | o
Roofingand | Mother | 361E09 | 0.002 | 0523 | 0.266 | 0.086 | 0.048 | 0.073 | 0.002 | o225 | 239%
waterproof- ) 163E- | 8.38E-
ing (soft) Child | 9.05E09 | 0.001 | 0487 | 0.248 | 0.080 | 0.045 | 0.137 | 0.002 | [ o
Mother | 9.90E-09 | 0.002 | 0.523 | 0.266 | 0.086 | 0.048 | 0.073 | 0.002 HBE' ggEE'
Other uses 447E. | 2.29E-
Chila |248E08 | 0001 | 0.487 | 0.248 | 0.080 | 0.045 | 0.137 | 0.002 | o) s

* based on lower benchmark dose level of 1.08 ug/kg bw/d corresponded to a Pb blood
level of 19.48 pg/L and an IQ loss point of 1.

Source: Arche Consulting

VIII.1.2. SERVICE LIFE

Table 14: Expected regional exposure for Pb for the service life of each recycled
PVC use for moth-ers and children. F = fraction to each compartment

Total Pb .
Use Type dose (mg Farw Ffish Fiear Froot Fmeat | Fmik Fair (HgIL)* IQloss*
kgbw d-1) K
858E- | 4.40E-
Monolayer | Mother | 476E-11 | 0.002 | 0.564 | 0.244 | 0079 | 0.044 | 0.067 | 0.000 | o
pipes child | 118410 | 0.002 | 0.529 | 0.229 | 0.074 | 0.041 | 0.126 | 0000 | 215 | 110%™
Trafficman- | Mother | 5.31E08 | 0.002 | 0.565 | 0.244 | 0.079 | 0.044 | 0.067 | 0.000 | 5.°°5 | 2925
agement . .
(soft) chid |1.32607 | 0002 |0.529 | 0.228 | 0.074 | 0.041 | 0.126 | 0.000 3-339'5 [11;122'5
Roofingand | Mother | 214E08 | 0.002 | 0.563 | 0.245 | 0.079 | 0.044 [ 0.067 | 0.000 | 5275 | 1995
ot o 963E- | 4.94E-
(soft) Chid | 534E08 | 0.002 | 0.528 | 0.229 | 0.074 | 0.041 | 0.126 | 0.000 | o ps
Mother | 0 o o o |o Jo o |o o 0
Other uses
chid |0 o o o |o |o o |o o 0
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* based on lower benchmark dose level of 1.08 pg/kg bw/d corresponded to a Pb blood
level of 19.48 pg/L and an IQ loss point of 1.

Source: Arche Consulting
VIII.2. Monetisation of job creation

The welfare from job creation is monetised through the revealed preferences method.
Job creation brings welfare to the workers and society.
We based the monetised value of the creation of one job on the following assumptions:

e A job creation leads to additional state revenues through taxes (e.g. income tax,
non-wage labour costs...)

e Public authorities’ decision makers take the social and societal benefits into
account when they give incentives to job creation. Therefore, to value job
creation, we have to consider the maximum subsidy allocated to job creation for
one year.

The job creation subsidy can be implicit. The maximum subsidy can be different from the
value of a job creation for two reasons:

e Windfall effect: the subsidy will be used even if the job would be created without
the subsidy. Thus, the value of the job creation is bigger than the maximum
subsidy per person

e Return effect: a job creation leads to additional revenues for the State (e.g.
income tax, non-wage labour costs...). For some subsidies, these additional
revenues are considered when designing the job creation subsidy. Thus, the
value of the job creation is lower than the subsidy.

The value per year of a job creation can be correctly estimated with a job creation subsidy
for which the windfall and return effects are very small.

The value of 13 348 € per job creation per year is currently used. The value is based on a
subsidy from the Walloon Region for an internship in a skill development company for
which the windfall and return effects are considered as very low. This value is similar for
other OECD countries after a correction based on the living standards (estimated by the
GDP).

The windfall effect is supposed very low because people that get this subsidy struggle to
find a job and would probably not have found a job without this subsidy. The return effect
is supposed very low too because the Walloon Region is only partially concerned: indeed,
the benefit of job creation concerns principally the Federal State and indirectly the Regions
(benefiting from the valued added tax revenues). The return for the Walloon Region is
limited because its population represent about 30 % of the Belgian population.
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VIII.3. Market price based valuation of abiotic
resources in environmental assessment

The purpose of the method of RDC Environment is to develop a market price based method
to value abiotic resources in environmental cost-benefit analysis. The price is selected as
basis as it incorporates most environmental issues related to resource depletion, i.e. time
before depletion, intrinsic value, potential of replacement. The price is corrected based on
the use of the Hotelling rule and the assumption that private agents discount future costs
and benefits at a higher rate than society as a whole. In practice, the price of the last
resource unit sold is calculated with the Hoteling rule by using a private discount rate.
Then, the price at depletion is retropolated with a social discount rate which is smaller than
the private discount rate. Thus, the corrected “optimal” price is higher than the market
price. The method allows to propose monetization factors usable in Cost-Benefit Analysis
and characterization factors to be used in Life Cycle Assessment. The method is applied to
mineral and fossil resources.

VIII.4. Incineration cost model

VIII.4.1. MODELING PRINCIPLES

The incineration model takes into account the following elements:

e Transfer coefficients for each chemical element to the various outlets of the
incinerator are used to model emissions to air, water, bottom ashes and APCRs
(smoke residuals from waste incineration) depending on the composition of the
waste. These transfer coefficients are derived from mass balances carried out at
the inlet and the outlet of incinerators

e Smoke treatment technology used by the incinerator
e Consideration of energy consumption and reagents

e Consideration of the energy recovery of the calorific value and the valorisation
of bottom ash

e Recycling of recovered ferrous and non-ferrous metals in incineration bottom
ashes

VIII.4.2. ECONOMIC DATA: OPPORTUNITY COST APPROACH

RDC Environment has developed a parameterized cost model of waste incineration, coupled
with the environmental model, implemented in its Range LCA software. RDC Environment
has consolidated its experience by exchanging information and data with experts from the
French company SETEC NOVAE, specialised in the management of waste treatment
facilities.

Cost structure
The cost items are as follows:
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environment

e Fixed

costs

Land

Civil engineering (subdivided into 3 items)
Process (subdivided into 14 items)

Payroll

Small maintenance

Large maintenance

Insurance

Connection to water

e Variable costs / revenues

Calculation met

Consumables

o Water
o Fuel oil
o Soda

o Spongiacal lime
o Catalyst: Titanium dioxide (TiO2)
o Catalyst: Vanadium Oxide (V205)
o Ammonia 25%
o Charcoal

Energy (electricity and heat)

Production of ferrous metals

Aluminium production

End of life of bottom ashes

End of life of APCR

hodology

e The total annual fixed cost of the incinerator is calculated on the basis of:

Annual capacity

The cost data refer to an incinerator of 100 000 t. These costs vary with
the annual capacity by taking into account economies of scale with the
following formula: Fixed cost studied = fixed cost per 100 000t * (annual

capacity / 100 000) ~ (2/3)
Labor cost

Cost of land
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The real interest rate
The lifetime of the installation

e All the fixed cost items are allocated to the waste being studied according to the
particularities of the waste. Depending on the items, the allocation is carried out
according to:

Waste volume

The lower calorific value
Oxygen requirement
Volume of fumes

The mass of waste

e The variable costs related to the waste studied are finally calculated by
multiplying the quantities of consumables and outputs to their respective unit
values.

e The use of cogeneration is reflected in the model by taking heat re-sales receipts
valued between 11 and 44 €/ MWh. The quantities of heat and electricity
produced are calculated by the environmental model.

Data

The main specific data of the cost model is presented in Table 15.

Table 15 : Incineration cost model — main economic data

Parameter Value ‘ Unit ‘ Source ‘
Real interest rate (without inflation) Betwejcl);OZ and % [1]
Labor cost (worker) -40 000 €/FTE/year [1]
Between -
Labor cost (employee) 60 000 and - €/ETP/year [1]
80 000
Value of electricity (purchase and sale) Beztavxgeg1535 €2011/MWh [3]
B 11
Value of sold heat eg";g% €2011/MWh [2]
: — Between 200 3
Average density of incinerated waste and 700 kg/m [4]
Volume moyen des fumées émises 5.14 Nm3/kg [1]
Besoin moyen en oxygéne 1.38 Nm3/kg [5]
Between -120
APCR treatment cost and -190 €011/t of APCR [1]
Bottom ashes treatment cost Betwe_e;o—ZO et €/t of bottom ashes [1]
Number of workers for 100 kt 30 FTE [1]
Number of employees for 100 kt 5 FTE [1]
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[1] Data validated by the Walloon municipality associations in 2015 for the evaluation of
new infrastructure scenarios for the Waloon waste management plan of 2020 (DGO3
2015).

[2] AMORCE, (2011), Performances et recettes des Unités de valorisation énergétique
des ordures ménageres (UVE).

[3] RDC Environment assumption based on interviews with incineration plant operators
and SETEC NOVAE (2011).

[4] RDC Environment assumption.

[5] RDC Environment computation - based on a Belgian municipal waste composition of
20009.
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PVC has been under intense and hostile attack for a number of years, primarily because of its association with
chlorine chemistry. It has been argued by some that because of this association it is inherently unsustainable,
although much of this argument has been emotionally driven rather than based upon scientific scrutiny. Yet the
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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 study includes
a case history of a sustainable development process leading up to this evaluation involving a number of leading UK
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1. Chapter 1
1.1. Introduction

The terms ‘sustainability’ and ‘sustainable development’ have increasingly appeared on the radar
screens of many businesses and industries over the last few years. A few brave companies such as IKEA,
Electrolux and Interface have fully embraced these concepts and integrated them within their businesses,
although most companies are currently only at the fringe of embracing such concepts. Yet what such
terms mean is often open to differing interpretation and how companies grapple with their meanings,
let alone put them into business practice, can be a pretty daunting challenge. The immensity of such a
challenge is no different for the polymer industry as it is for any other industry. However, it is the aim of
this report to aid those in this sector, and in particular those working within the PVC Industry, to grapple
with these terms, in order to form a better understanding and thereby put them to good use.

There have been numerous attempts to define sustainable development; the most commonly cited is
that provided by the 1987 Bruntland Commission Report [1] to the United Nations, entitled ‘Our
common future’. This report defined the term as:

Development that meets the needs of the present generation without compromising the ability of
future generations to meet their needs.

When compared to the rigorous requirements of sustainability, the limitations of this definition
become obvious. Above all it fails to convey the idea that there are biophysical limits within which
society must operate. There are a number of other definitions that have since been put forward as
alternatives. For example, Porritt et al. [2] from an organisation in the UK known as ‘Forum for the
future’, uses the following alternative.

Sustainable development is a dynamic process which enables all people to realise their potential and
to improve their quality of life in ways which simultaneously protect and enhance the Earth’s life
Support systems.
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This definition supports sustainable development as a dynamic process and introduces the
importance of social justice and equity for all people. (Forum for the future is the charity in the
UK responsible for licensing a sustainability tool known as ‘The Natural Step’—which is discussed
in detail in Chapter 3).

Importantly, it should be appreciated that there are differences in definition between sustainable
development and sustainability. Where sustainable development is the process or journey we must take
to arrive at the destination of sustainability, in other words, quite simply the process of moving towards
sustainability.

Sustainability in the context of PVC has been defined in this report through a series of clearly defined
science-based constraints and systems and the enclosed case history forms a part of this sustainable
development process.

Prior to addressing these constraints and systems, it is instructive to first examine why so much
emphasis is now being placed on these issues by the business sector and not just by environmental
campaigners. As a growing population places even more demands on dwindling natural resources, so
there is more of a pressing reason to address sustainable development. By way of example, global human
population growth has increased from 2.5 billion persons in 1950 to around 5.8 billion in 1997, at the
same time cities with more than 8 million have grown from 2 in 1950 to 25 in 1997. Predictions for 2050
estimate a human population of around 9 billion.

Such growth places increasing pressures on nature’s natural resources, whether this is energy, water,
soil or food. In addition, the planet is required to absorb and neutralise the growing amount of waste
materials we generate such as carbon dioxide and other gases as well as solid and liquid wastes. These
concerns are global, hence the reason for the developments of international agreements such as the
Kyoto Protocol to attempt to halt the potential acceleration of climate change and stabilise global CO,
levels by 2010.

So what role could PVC play in a dwindling natural environment? And what are the sustainable and
unsustainable attributes that this polymer brings to a growing population? These questions have been
addressed in this report through TNS framework and form the basis of a sustainability evaluation. How
the evaluation of PVC occurred through the TNS process is an interesting case study and has been
described in detail in Chapter 2.

TNS is an organisation founded by Karl-Henrik Robert, a Swedish cancer specialist who developed a
unique thinking process for scientific consensus in the late 80s. Further details of the methodology of
TNS are described under Chapter 3.

PVC has been at the centre of a continued environmental campaign against its use in today’s society,
with some companies deselecting it in preference to alternative materials. This deselection process
carries little credibility in terms of sustainable conduct. For example, few if any of these companies have
really addressed how sustainable the alternative materials are compared to PVC in terms of their
manufacture, use and ultimate disposal. Yet it would be hypocritical of our industry to challenge the
conduct of such companies without undergoing a phased process of sustainable development of our own.
A recent report by Everard and Monaghan [3] PVC: an evaluation using TNS framework identifies five
key challenges that our industry must address to move towards sustainability, and these are discussed in
Chapter 4.

Hydro Polymers Ltd is one of two major manufacturers of the polymer poly(vinyl chloride) in the UK.
The company is part of the polymers sector of Norsk Hydro a.s. Our company firmly believes it must
address these challenges throughout its business activities and beyond to other stakeholders in the supply
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chain. Consequently, the sector is committed to a sustainable development process throughout its
business activities using TNS principles and framework.

The ultimate objective is to reverse the unsustainable practices in our industry and thereby
demonstrate to our stakeholders that PVC can play an important role in a future sustainable society.
Daunting though some of these challenges may appear, they are not impossible.

1.2. Background

PVC is an interesting polymer since it can accept a much wider range of additives than all other
plastics. This is due to the polar nature of the polymer due to the presence of chlorine atoms repeated
within its backbone. Consequently, it has been used in a significant number of applications as diverse as
blood bags and window frames. Yet this success has not been without some impact on the environment,
nor has it been without its detractors. Indeed, PVC continues to be at the centre of an ongoing
environmental campaign, primarily headed by the pressure group Greenpeace. Most of this debate has
focused around the inclusion of chlorine—‘the Devil’s element’, according to Greenpeace who would
like to see the sunsetting of all chlorine chemistry [4]. To an extent, Greenpeace has been right to focus
on chlorine chemistry. For example, we have seen the consequences of huge environmental damage of
the ozone layer caused primarily by chlorofluorocarbons. In addition, the persistence of synthetic
chemicals such as poly-chlorinated biphenyls and the unintentional manufacture of dioxins and furans
from industrial processes have caused significant environmental concern regarding the long-term
environmental consequences of such chemicals. In some cases, this has led to global phase-out policies.
The one common thread is that all these compounds contain chlorine. Similar problems are linked to
organic compounds with other halogens like bromine organic compounds (anti-flammables). In addition,
despite the significant improvement in modern manufacturing methods, industry remains tarnished with
the legacy of past malpractices.

Importantly, before we go on in our analysis, it needs to be stated that there are many benefits that
chlorine chemistry can bring to society. For example, over 80% of all pharmaceutical products are
derived from chlorine chemistry, and the addition of chlorine to our drinking water prevents widespread
disease by the destruction of harmful bacteria.

While questions have been raised about the presence of chlorine in PVC, other issues have since
emerged such as the use of heavy metal stabilisers used to protect PVC during processing. In addition,
the use of softening agents (such as phthalate plasticisers), have created concerns over their possible
hormone disrupting effects. Of major importance are concerns surrounding the ultimate disposal of PVC
wastes. This is also on the political agenda including a Green Paper on ‘Environmental issues of PVC’
[5] at European community level. In response to these concerns, the European PVC Industry has
developed a voluntary agreement to address many of the issues raised. This was formalised in March
2000 [6].

The voluntary commitment from industry is commendable and the industry requires leaders to
practice a clear demonstration of sustainable conduct. To date, the polymers sector of Norsk Hydro
considers itself as one such leader in addressing environmental issues. This includes landmark examples
of two published environmental books produced in 1992 and 1996, respectively, [7,8]. Whilst these
publications were significant for the industry, they primarily focused on addressing environmental
concerns and improving eco-efficiency, which falls short of addressing sustainability, the challenge of
the work in this report.
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2. Chapter 2
2.1. Case history

The following extract details a business-to-business initiative that has had far greater consequences
than could ever have been initially perceived. The instigation of this process began with a campaign to
ban PVC packaging in the UK, organised by Greenpeace. This section examines the key events of the
two UK manufacturers of PVC, Hydro Polymers Ltd and EVC UK Ltd, and some well-known UK
retailers—these represent two extremes of the supply chain. This has led to a voluntary commitment
from the UK PVC Industry to address important environmental issues. In the process, the retailers have
effectively played the role of a pressure group, with the UK PVC Industry responding to their needs.
Environmental experts from key UK establishments have facilitated the process. Whilst the majority of
the process has been based in the UK, there is growing interest in it from around Europe and in the States.

In July 1996, an organisation called Media Natura organised a seminar at the request of the pressure
group Greenpeace for leading UK business leaders from a wide range of retailers at the Royal Institute of
International Affairs, London. Greenpeace’s intention was to persuade UK retailers to substitute PVC in
all applications whether used in their stores for packaging as well as in building products for future
stores. From the PVC industry’s perspective, the process was far from democratic, since industry
representatives were not allowed to participate at the initial phase.

This was followed by an intense Greenpeace national campaign lasting between August and October
1996, with demonstrations outside high street stores in towns and cities across the UK and leaflets
entitled ‘Saving our skins’ and ‘Drink to the future’. The targeted audience included members of the
general public, who were handed leaflets before entering the stores, and chief executives of leading
retailers who were sent copies in the post. The leaflets called for a total phase-out of PVC in packaging
materials and highlighted that PVC packaging could be spotted by looking for a sign saying ‘3’ or ‘v’
within a triangle on the package. However, Greenpeace failed to point out that this was the recycling
logo! The leaflets stated, ‘just buy alternative packaging’ and listed a range of skin-care products to
avoid from specific stores since they were packaged in PVC. It also stated that the first choice of
packaging for drinks should be glass bottles, with the words ‘it’s time to go PVC free!’

Greenpeace had also taken advantage of a potential health scare earlier in the year, when the highly
acclaimed journalist Geoffrey Lean published a report in the Independent on Sunday, entitled ‘Sex-
change chemicals in baby milk’ [9]. He made use of a scientific report commissioned by the UK Ministry
of Food and Fisheries, MAFF (under their regular food surveillance information sheets, [10]), which had
found ‘phthalates’ in 15 different brands of powdered milk infant formulae—albeit at low levels.
(Phthalates are plasticisers used to soften PVC and they are predominantly used in flexible PVC.) The
report by MAFF had been published in March of the same year although the article itself was released
during a May bank holiday. Coincidentally, a leading expert on reprotoxicity, Dr Richard Sharpe and his
co-workers at Medical Research Centre, Edinburgh had published a possible hypothesis [11] linking one
phthalate (butylbenzyl phthalate) with reduced sperm counts in men at levels not too dissimilar to those
identified by MAFF in its own surveillance report. Lean connected the two reports to devastating effect
as far as industry was concerned. MAFFs main conclusions were that it would be prudent of industry to
find where this contamination was occurring and reduce levels identified, although there were no
immediate risk reduction measures highlighted.

Once the issue of PVC had crossed over from the environmental field into food safety, it became a
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major concern for the retailers. This clearly helped fuel the fire and provided the momentum needed by
Greenpeace to carry forward their anti-chlorine campaign.

Ironically, the follow-up study again commissioned by MAFF and published in December 1998 [12]
reported levels of phthalates in infant formulae 10 times lower than those in 1996. According to MAFF,
the reasons for the reduction was not clear, however, a spokeswoman from the Infant and Dietetic Foods
Association suspected that the original samples were contaminated and that there was a fault with the
handling or analysis of the first samples [13].

Richard Sharpe had been working on advice from his co-author Professor Sumpter, Brunel
University. Sumpter had found that vitellogenin, an egg protein normally found only in the blood of
female fish (roach), had started to appear in male fish in some rivers. Consequently, Sumpter used this
protein as a biomarker for oestrogenic contamination of the aquatic environment [14]. Since low
concentrations of phthalates had been found in such sediments, it was plausible to suggest that such
chemicals may have been responsible for such effects. However, later work in a joint project between
Brunel University, the Environment Agency and the UK Ministry of Food and Fisheries [15] strongly
indicated that the main culprit appeared to be natural hormones, (anthropogenic—probably excreted by
women) found at very low concentrations at sewage discharge effluent outlet sites. Nevertheless,
phthalates were now clearly a target, and the fact that a synthetic chemical had been found ubiquitously
dispersed within the environment was a cause for serious concern.

As phthalates came under the spotlight, Greenpeace was quick to point out that their main use was a
plasticiser to soften PVC. What it did not mention was that baby milk is not packaged in PVC and that
little, if any, food contact packaging manufactured in the UK from PVC contains phthalates [16].

The effect of the campaign reached the highest levels and questions were asked about the validity of
the Greenpeace claims. Retailers responded in different ways; inconsistencies in their responses varied
from one store to another for the same retailers. For example, at one Sainsbury’s store the police were
contacted and the demonstrator removed, whilst at another, the store manager was proudly photographed
alongside the demonstrator [17] and featured in a local newspaper.

Greenpeace’s tactics continued, and in September 1996, an ad hoc group of retailers was set up known
as the ‘PVC Retailer Working Group’. This was formed as a result of a Tesco initiative and the
membership included; Tesco, Waitrose, Cooperative Wholesales Suppliers, Body Shop and Lloyd’s
Chemists, with Greenpeace acting as an adviser. The group’s specific objective was to examine PVC-
related environmental issues. Other retailers chose not to join the group but sought alternative advice.
For example, Great Mills and Sainsbury’s both independently visited the Hydro Polymers site at Aycliffe
to evaluate for themselves PVC manufacturing practices. Indeed, this led to the development of a
Sainsbury’s question and answer document on PVC that has since had some circulation [18].

Following the formation of the Retailer Working Group, industry sought to participate at the Group’s
meetings, but their offer was declined. However, the remit of the retailers was clear: to firmly establish
whether or not there was a case for eliminating PVC. Globally, at the time PVC world demand in the
packaging industry amounted to around 3 million tonnes in 1996 [19].

In October 1996, the Retailer Working Group decided that it did not have sufficient scientific
knowledge to make an informed judgement regarding the legitimacy of Greenpeace’s claims for a PVC
phase-out. Consequently, independent advice was sought from the Chairman of the PVC Retailer
Working Group, John Longworth, Trading Director at Tesco’s. Mr Longworth approached Jonathon
Porritt, a leading environmentalist in the UK, to recommend a suitable academic body to carry out an
independent piece of research to evaluate the claims made by Greenpeace. Jonathon Porritt’s
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organisation, Forum for the Future was an obvious choice, since Tesco’s had been part of the Forum for
the Future’s Foundation Corporate Partnership since the forum’s existence.

Jonathon Porritt recommended that the Retailer Working Group should approach an academic body
linked to a network of universities in the Greater Manchester area known as the National Centre for
Business and Ecology (NCBE). The NCBE was appointed to conduct a confidential study on behalf of
the Retailer Working Group.

The NCBE was established by the Co-operative Bank, in partnership with: Manchester Metropolitan
University, UMIST, University of Manchester and University of Salford. The advantages of using the
NCBE were; their independence and their ability to assemble a sufficiently broad-skilled team for the
task. This study was commissioned to evaluate both the impact on human health and the environment of
PVC used in packaging and in construction materials. (Construction products manufactured from PVC
were also considered, on the basis that if harm had been found then this would have been extended not
just to packaging but the future construction of retailer sites.) Running concurrently with this project, the
retailers also requested PIRA, one of the UKs leading packaging consultancies, to evaluate the economic
impact of substituting PVC with alternative materials in packaging. This report was completed but is
confidential to the sponsors.

In January 1997, PVC representatives were invited to one of the Retailer Working Group meetings at
Tesco’s offices in London. Those representatives were asked to follow on from a presentation from a
Danish representative working for the Danish equivalent of the UK Co-operative Group, who stated that
in Denmark, the more they looked at PVC the more problems it presented. Yet, despite an intensive year-
on-year substitution policy, nearly 50% of PVC packaging (relative to the initial phase-out) remained in
Denmark, proving far more difficult to substitute than had previously been anticipated. In particular,
PVC in waste was singled out as one of the major problems, though, it was conceded that a number of
Denmark’s municipal waste incinerators were antiquated and that this was a major reason for Denmark’s
hard stance on PVC. (removing the chlorine source from the incinerator was seen as a cheaper option
rather than to construct more efficient incinerators.) A further concern was expressed over the use of
phthalates, despite the fact that they are hardly used in packaging, with the Body Shop representatives
being most outspoken on this score, although they admitted that ‘di-2-ethyl phthalate’, had been used as
a carrier in certain perfumes included in their range of products.

From an industry perspective, this was a most negative and thoroughly depressing meeting. There was
a case to be answered yet the scientific argument had yet to be demonstrated.

During this low period, industry had created its own campaign through a joint initiative between the
British Plastics Federation and the Packaging and Industrial Films Association. This involved the wide
distribution of monthly mailers in the form of emotional pictures combined with the headline and some
text, e.g. a picture of a flexible PVC blood bag with the caption ‘Who wants the bloody facts’ [20].

In April 1997, the NCBE had completed the report, although this remained confidential to the
members of the PVC Retailer Working Group. It was published and finally made public on 10 September
1997 under the heading ‘PVC in packaging and construction materials—an assessment of their impact
on human health and the environment’ [21]. The launch of the report was spearheaded with a spectacular
press release from the Retailer Working Group [22] featuring the headline:

Clean up or phase-out, retailers tell PVC makers.

The press release was carefully worded to indicate that certain aspects of PVC production may be
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harmful to the environment, but if these methods were to be modified then PVC could be a useful
product. This now allowed the PVC Industry to demonstrate that PVC could be manufactured to the
highest standards, an essential task since, until that time, industry had largely been excluded from the
process. The press release indicated that the NCBE report was the basis for this challenge. Consequently
it was an important document in the process. Clearly this was not the news that Greenpeace was looking
for since it became a ‘manage the problem’ issue rather than a phase-out strategy. Greenpeace
independently produced its own press release that stated that PVC was inherently polluting.

There were a number of key findings from NCBE report, and the important conclusions are detailed
below:

The study team concludes on balance that the careful manufacture, use, recycling and final disposal of
PVC products to the highest standards can control the risks associated with the material to acceptable
levels but will not completely eradicate them.

The study team was unable to find conclusive scientific evidence linking the production, use or
disposal of PVC compounds where best industry practice is utilised to substantial harm to human
health. Likewise conclusive evidence of serious environmental harm resulting from manufacture,
use or disposal undertaken to the highest standards was not found, although past and some
current production/disposal falls short of those standards. Where there is evidence of harm to
human health or the environment, evidence that PVC forms a major factor set against other
processes or products was not found.

A range of recommendations subsequently followed: The PVC Retailers Group members should
therefore use their position in the market place to:

¢ ensure the highest possible operational standards from their supply chain—manufacturers, processors
and disposal operators

e keep the scientific evidence under regular review in order to ensure that the conclusions drawn from
existing evidence in this report remain valid in the future

e reduce the use of all materials to the minimum achievable, in accordance with current best practice

e support appropriate reuse and recycling initiatives to reduce the volumes manufactured and disposed
of, in accordance with current best practice.

Following the press release the managing directors of the two PVC manufacturers in the UK, Hydro
Polymers Ltd and EVC (UK) Ltd sent a joint letter to the Chairman of the Retailer Working Group. This
letter stated that both companies were looking forward to the opportunity to discuss in detail the content
of the report, and to assure them of industry’s commitment to continuous environmental improvement.

In November 1997, the two UK manufacturers of PVC were invited to participate at the Retailer
Working Group with the intention of setting a timetable for action including setting emission targets and
deadlines. This would require full transparency of production methods and independent auditing.

At that stage, the Body Shop withdrew from the process. (In fact, the Body Shop did not use PVC in
any of its packaging.) Several other retailers who had not been core to the group chose not to participate
further, including Lloyds Chemist, Somerfield and Superdrug. IKEA had been involved only at the start
of the process since they had previously introduced a PVC phase-out policy of their own prior to the
process. Greenpeace, UK then had a difficult management problem on their hands since ‘managing an
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issue’ would not be acceptable to Greenpeace International who had called for a ‘PVC phase-out’. It was
clear that remaining with the Group alongside industry would be untenable, although there were at least
two meetings where both parties were present.

Until the publication of the report, John Longworth, Tesco’s Trading Law Director, remained
Chairman of the PVC Retailer Working Group. Clearly, the signs were that Greenpeace would now ‘up-
stumps’ and depart from the process, and it was important to secure credible environmental leadership
for the Group. Consequently, John approached Jonathon Porritt as part and parcel of the Foundation
Corporate Partnership with Tesco with a direct request for Jonathon to be appointed as Chairman of the
Group. He formally accepted this role on the condition that industry would also be put through a
thorough sustainability evaluation. Indeed at the very first meeting that both Greenpeace and the PVC
Industry attended, the word, sustainability echoed around the room as tough questions were asked about
the sustainability of the alternative materials being mooted by Greenpeace as substitutes to PVC. One of
the conditions that Mr Porritt made to his Chairmanship was to ask the PVC industry to go through a gap-
analysis process of what measures would be required for PVC to become ‘genuinely sustainable’ if
indeed it could be sustainable.

However, in the first instance there was a more pressing need for the development of an eco-efficiency
code of practice. This was required to demonstrate that PVC could be manufactured with a low level of
harm to the environment. This would attempt to benchmark PVC producers and at the same time provide
the confidence that the retailers needed to demonstrate that the PVC they used had been responsibly
manufactured.

Since the NCBE had been instrumental in the evaluation of PVC, the Group was commissioned to
draft both a PVC charter and the code of practice. It was decided to rename the group ‘The PVC Co-
ordination Group’ and after its second meeting, despite all attempts to keep Greenpeace on board, they
exited the process.

In addition, since the next phase of work would involve a code of practice for the manufacture of
PVC, it was concluded that the Environment Agency should be invited to join the Group, as it is the
regulatory body for granting the manufacturing licences for PVC production under integrated pollution
control legislation.

2.2. Charter and code of practice

Throughout 1999, the main agenda was the development of an industry charter [23] and Code of
practice [24]. Both were formally launched on 17 April 2000 by a press release from the PVC Co-
ordination Group. The charter itself committed industry to seven key actions:

1. To support the development of, and comply with, an eco-efficiency code of practice for the
manufacture of PVC.

2. To regularly review industry operations in the wider social and environmental context, and to explore
all possible futures for PVC. The results of these reviews will be summarised and made available to
all interested parties.

3. To examine and pursue mechanisms for bringing about environmental improvements in the
performance of suppliers and customers in the PVC supply chain.

4. To develop schemes and programmes, in association with other relevant organisations, that radically
reduce the potential for end-of-life products containing PVC to accumulate in the environment.
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5. To continue to participate in, and finance, research on the environmental and health effects associated
with PVC manufacture, use and disposal.

6. To demonstrate compliance with the charter in an agreed manner.

7. To review the charter on an annual basis and update it as required.

Whilst the European PVC industry had already developed a charter for the manufacture of suspension
PVC [25], the NCBE believed that this charter should be extended. In particular, the code was developed
in order to allow an assessment of environmental impact per tonne of PVC produced. The general tenor
for the development of the code established the principle of ‘show me there is no harm from the
manufacture of PVC’.

The code of practice called for the industry to go further than regulatory requirements by setting
challenging targets with defined conditions attached. In preparing the code, it was recognised that
manufacturers of VCM and PVC must continually operate at the leading edge of technology in terms of
emission controls. Total losses from the factories were already less than, or of the order of, 0.05% of the
material processed. Nevertheless, the manufacturers accepted the need to demonstrate to the public that
there was no evidence of harm caused by their processes. In this context, challenging targets were
established and the code set out minimum environmental standards to be achieved during the
manufacture of PVC, together with measurable targets for continuous improvement in environmental
performance. In addition, the code incorporated various commitments in relation to the environmental
management systems operated by the industry, including an agreement to achieve ISO 14001
compliance by 2002.

Reporting on the compliance with the code by both companies was completed during 2001 and a
formal press release by the manufacturers was announced on 26 September 2001 [26]. Press releases
were also announced by the Chairman of the Group and by the retailers themselves [27,28]. Both
companies had their reports verified by independent auditors, although their approach had differed in
detail. Hydro Polymers’ Ltd, performance against the code was reported through its EMAS Public
Statement [29] for 2000. EVCs performance data were produced as a stand alone document [30].

3. Chapter 3
3.1. Sustainability evaluation

In accordance with the Chairman’s request and running concurrently with the development of a
charter and code, a further evaluation was undertaken by Dr Mark Everard and Dr Mike Monaghan, the
Director of Science and a commissioned researcher, respectively, from TNS in UK. This process was
initially described as a kind of gap analysis, i.e. “What would it take to make PVC truly sustainable?’ and
was based on the systems approach of TNS framework utilising basic principles for sustainability as a
lens through which the analysis was performed. The ‘gap’ would be a measure of how far PVC was away
from achieving full sustainability. The researchers interviewed, among other stakeholders, both industry
and Greenpeace scientists and through this dialogue a report was produced entitled ‘PVC: an evaluation
using The Natural Step framework’ [3]. Prior to reviewing the main conclusions from this work, in the
form of five key challenges, it is instructive to first analyse TNSs principles about sustainability and the
TNS framework itself.
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Fig. 1. The TNS funnel.

3.2. The Natural Step

TNS organisation was established in Sweden in the late 1980s as a means for tackling the difficulties
facing society. Karl-Henrik Robert, a leading Swedish cancer expert, in co-operation with physicist Dr
John Holmberg, and a network of other scientists from many disciplines elaborated the principles. TNS
is now an international charity based in nine countries including; Sweden, UK, USA, Canada, Australia,
New Zealand, South Africa, Japan and Israel. The purpose of TNS is:

To deepen a genuine commitment to sustainable development throughout society using The Natural
Step framework.

TNS has worked with a wide range of major companies to help them address their sustainability
challenges, including DuPont, Electrolux, Tarmac, Carillion, IKEA, Interface, Mitsubishi, Air BP, Nike,
The Co-operative Bank, Wessex Water, Sun Microsystems, etc. However, this was perhaps the first time
the TNS process had been used in depth to evaluate a single material from a sustainability perspective,
rather than to aid a company in using a wide range of different materials to become more sustainable.

3.3. About sustainability and sustainable development

Chapter 1 describes the concerns about growing world population, increasing demands upon and
depletion of natural resources, accelerating levels of global pollution and concerns about the impacts of
businesses on society. These are not new problems, nor are they avoidable unless society complies with
basic principles for sustainability. They will increasingly constrain the ‘freedom to operate’ of
organisations and society at large. TNS uses the metaphor of ‘the funnel’ to describe the inevitable
tightening of these constraints, and the pressures to become more sustainable (Fig. 1). The analogy of the
funnel is represented by the increasing narrowness of the walls caused by a fast-growing population
combined with fast-diminishing resources. Sustainable development addresses these challenges
proactively, based upon a sound understanding of what sustainability means and implies for us.

A sustainable system is one that can continue indefinitely. A sustainable society is one that does not
impair or overload the life-support systems that provide for its needs. A sustainable product, process or
organisation is one that does not contribute as ‘part of the problem’ in the funnel.

Hypothetically, when and only when all the sustainability conditions are met the metaphor of the
funnel could actually ‘open up’ as a restoration phase.
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All too often, problems are addressed reactively, using technical means to cure symptoms after
problems have arisen. True sustainable development goes a long way beyond merely complying
with basic environmental and social obligations, and differs from traditional ‘end-of-pipe’
solutions to pollution and social problems. It addresses issues ‘upstream’, in the early decision-
making process, such that the pursuit of business does not systematically create the kinds of
social and environmental problems that will, sooner or later, harm business performance and
reputation.

But how do we move from concept to practice, and begin applying it in the messy world in which we
live? If we chase them back far enough, it is easy to see that all businesses ultimately depend upon
natural and human resources, including, for example, energy, timber, clean air and water, as well
as the ingenuity and labour of people deployed to convert these natural resources into economic
goods. The PVC industry, and businesses that use PVC, are no exception, with the extraction of
the raw materials (including salt and oil/natural gas) at the start of the process. We all share the
same world, and therefore our activities inevitably affect that same world and all those with whom we
share it.

Since sustainability challenges are unavoidable, sustainable development is also possibly a great
business opportunity. Firstly, it is essential to acknowledge that inherently sustainable ecosystems, upon
which we are fully dependent, operate in definite ways—ways that it is possible to define using
science—which ultimately determine what is and what is not sustainable. TNSs approach to sustainable
development is based upon a systematisation of these scientific principles.

3.4. The Natural Step framework

At the heart of TNS process lies a systems model of the sustainable cycles of Planet Earth, with four
associated system conditions that provide the environmental and social boundaries for sustainability.
The system conditions recognise that there are limits to the carrying capacity of the Earth in terms of the
provision of material resources and environmental services, in terms of the capacity of nature to absorb
and breakdown the by-products of society, and the cohesion of society resulting from equitable sharing
of those resources. Once these boundaries are exceeded, then society compromises its own and future
generations’ ability to maintain or improve quality of life. These boundaries act, as the limit within
which there is a need to form a sustainable economy, with the economy ultimately being dependent on
nature’s carrying capacity. If tackled proactively, sustainable development will prevent unsustainable
practices and identify the new business opportunities presented by an inevitably changing and more
sustainable future world. Continuing on a ‘business as usual course’ will merely perpetuate the historic
habit of industrialised society in responding reactively, at substantial cost and disruption to businesses. A
true commitment to sustainable development is therefore about a great deal more than altruism, as it
helps deal strategically with the sustainable development pressures that will inevitably define the future
business agenda.

The TNS framework presents a set of principles and strategic tools based on the scientific principles
governing the Earth’s ecosystem, the inherently sustainable system that supplies all our needs. At the
heart of the TNS framework is a science-based systems model of this sustainable Earth system (Fig. 2).
The framework defines what sustainability means and helps organisations get to grips with sustainable
development in their decision-making processes.
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Solar Energy Matter cycled by ecosystems .

Society’s cycles

Earth’s Crust

Fig. 2. The TNS systems model of resource cycles.

It can also be used to explore the sustainability implications of today’s products and processes, and the
measures that must be undertaken to make them more sustainable.

The TNS framework comprises four elements:

(A) Sustainability awareness. comprises an understanding of sustainability, or in other words the
conditions that must be met in the mouth of the funnel. (Fig. 1).

The TNS framework includes four necessary system conditions for sustainability stemming from the
science-based systems model. These four TNS system conditions are shown in Fig. 3 and listed below:

In the sustainable society, nature is not subject to systematically increasing...

1. System condition 1: Concentrations of substances extracted from the Earth’s crust
2. System condition 2: Concentrations of substances produced by society

3. System condition 3: Degradation by physical means, and, in that society...

4. System condition 4: Human needs are met worldwide

Fig. 3. The four TNS system conditions.
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Visioning -. A. Awareness (Sustainability Conditions)

Fig. 4. A, B, C, D and the funnel.

(B) On the basis of these four necessary system conditions of sustainability, it is then possible to make
an objective sustainability assessment of the present degree of sustainability.

(C) Visioning. Having used the system conditions to determine the present state of unsustainability, it
is then possible to use the assessment as a helpful tool to create a vision of how we might expect to
operate in a fully sustainable future. If based on the system conditions, the scenario-planning is based not
merely on possibilities that might be conceived today, but on the scientific realities of the future into
which society will unavoidably be squeezed.

(D) Backcasting. is a process by which you can determine the incremental steps that we have to
take to reach our vision from where we are today. This differs radically from today’s more
common technique of forecasting, which is an extrapolation from today’s knowledge, situation and
trends to predict the future. Whilst yielding short-term gains, forecasting overlooks the inevitable
changes and discontinuities with current trends that will arise through sustainability pressures.
Incremental steps derived from backcasting acknowledge current constraints to full sustainability
(for example, limits to capital investment or the readiness of the market). However, they also
reflect the progressive steps that can be made today, from which further future steps can be taken
to lead along a clear path towards the vision of full sustainability.

The A, B, C, D steps for applying the TNS framework are shown in the context of the funnel in
Fig. 4. Together, they help define in unambiguous terms what sustainability means, and provide a
readily-understandable framework to get to grips with the practicalities of sustainable
development. They help the integration of sustainable development into strategic planning,
communication of complex ideas, the sharing of these concepts with partners and across social
sectors, and making strategic judgements about the steps we need to take now towards a more
sustainable future.

It helps us address the fact that we cannot realistically hope to achieve sustainability immediately in a
world that is far from sustainable, but enables us to ‘navigate’ increasingly towards sustainability
through incremental decisions. Importantly, the strategic approach to sustainable development (the
journey towards sustainability) enabled by backcasting—at odds from today’s more common eco-
efficiency emphasis which merely makes unsustainable practice more ‘lean’—helps organisations avoid
decisions that may represent ‘blind alleys’ that do not lead on a strategic path towards a clearly-
articulated end-goal of sustainability.
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4. Chapter 4
4.1. PVC industry sustainability challenges

This chapter describes how industry can approach the five key challenges outlined in the report
by Everard and Monaghan, ‘PVC: an evaluation using The Natural Step framework™ [3].
Essentially the systems conditions compliance form part of the sustainability awareness process
(A) described in Chapter 3, whilst the enclosed response forms the basis of the (B) (sustainability
assessment) and (C) (visioning) processes and the challenges ultimately leading to step (D)
(incremental steps) in the above process. In addition, some of the key TNS recommendations
contained in the above report are included, followed by an industry response. The order of the
response to these challenges is the same as the order that they are defined in the report. An
explanation of why these challenges are important and what barriers are needed to overcome
these barriers follows.

Importantly, reference has been made to some of the challenges regarding a European voluntary
commitment [6] set out by the PVC Industry and submitted to the European Commission. This
commitment has been updated both in October 2001 [31] and is now known as Vinyl 2010. These
proposals are clearly referred to under various challenges. However, it should be emphasised that this
chapter includes other possible options, and that these proposals represent the author’s view towards
these challenges that are open to the whole of the PVC Industry.

4.2. Vinyl 2010, European PVC Industry voluntary commitment

This is the new name given to an updated European Industry voluntary commitment and has been
circulated around the European Commission. It is a 10-year programme, including a mid-term revision
of targets in 2005 and definition of new objectives in 2010 to take into account technical progress and the
enlargement of the EU. It also includes a strict monitoring process of its implementation through
certified annual reports.

A formal legal entity, known as ECVM 2010 (European Council of Vinyl Manufacturers) will be
responsible for the management of the voluntary commitment, gathering the whole PVC industry chain
and open to a partnership with all interested parties. The PVC industry will provide a financial support
scheme, in particular for new technologies and recycling schemes, allowing up to 250 million Euro of
financial contribution over this 10-year programme.

Vinyl 2010 includes the following key actions and commitments:

e Compliance to ECVM charters regarding PVC production emission standards;

e A plan for a full replacement of lead stabilisers by 2015, in addition to the replacement of cadmium
stabilisers effective as of March 2001;

e The recycling in 2010 of 200 000 tonnes 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 European Directives on packaging waste, end-of-life
vehicles and waste electronic and electrical equipment, e.g. by recycling 50% of collectable available
PVC waste of windows profiles, pipes and fittings, and roofing membranes in 2005 and of flooring in
2008;
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e A research and development programme on new recycling and recovery technologies including
feedstock recycling and solvent-based technology;

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

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

4.3. TNS challenges

4.3.1. TNS challenge no. 1
The industry should commit itself long-term to becoming carbon-neutral

4.3.1.1. Why is this important? One of the currently most debated threats to the planet is the burden of
increasing quantities of carbon dioxide released into the atmosphere from fossil sources. (Breach of
system condition 1 of the TNS framework). The problems associated with this are commonly referred to
as ‘climate change’ and were briefly mentioned in Chapter 1. Clearly, modern developed industrial
processes breach this system condition, and PVC is no exception.

PVC consumes quantities of hydrocarbons both in the energy to produce the polymer (process energy) and
intrinsically contained within the polymer itself as a repeat carbon unit along its backbone. However, this
amount within the backbone is roughly half compared to other polymers since a significant contribution of
PVC is also derived from salt as repeated chlorine atoms adjacent to alternative carbon atoms.

The hydrocarbons, which are used in the process energy, essentially form carbon dioxide (and water
vapour), that contribute towards climate change and so does the carbon dioxide released from
incinerated PVC.

4.3.1.2. Barriers to the challenge. Few companies can currently claim that their products are carbon
neutral. Some, such as private sector service industries, e.g. Interface, Cooperative bank, and B & Q
claim that their services are almost carbon neutral. This has been achieved by these companies mainly
through the purchase of ‘green’ electricity, sometimes at a premium compared to fossil fuel derived
energy. Nevertheless, for such companies this can be a significant financial commitment, which raises
the profile of the company in terms of commitment towards sustainable development. Clearly the
energy’s consumed by such service sectors are proportionally lower than energy consumption in
materials manufacturing itself.

Consequently, one clear barrier to this challenge is to prevent those companies who are prepared to
commit to carbon neutrality not to endanger financial ruin (economic unsustainability) in the process,
especially if there is no incentive to do so for competing materials. Nevertheless, it is instructive to
assess what opportunities are available to tackle this important challenge over and above legislation and
international commitments such as the Kyoto Protocol. In addition, it should be remembered that this
challenge is voluntarily to progress towards carbon neutrality at a much faster pace compared to any
legislative measures.

4.3.1.3. How could this be tackled? For some companies, location can play an important factor with
regard to carbon emissions. For example, at Hydro’s chlorine and ethylene dichloride and vinyl chloride
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monomer (VCM) plant at Rafnes in Norway, much of the energy used in the conversion process is
derived from hydro electric power (HEP), which significantly helps the starting position for reduced
carbon emissions. Secondly, at downstream locations that are not geographically located to take
advantage of HEP, the move away from burning coal and oil to gas, through purchase of on-site
combined heat and power units (CHP), has significantly helped to reduce CO, emissions, through
increased efficiency. For example, at Hydro’s plant at Aycliffe, UK, CO, emissions have reduced from
110 000 tonnes in 1994 to around 50 000 tonnes in 2000; during this period, total production rate of
PVC has almost doubled.

The amount of CO, that is generated in manufacturing 1 tonne of PVC will vary across the European
PVC Industry. Typically, Hydro Polymers Ltd emits around 640 kg of CO, for every 1 tonne of polymer
produced [29] in the manufacturing chain, from VCM manufacture through to delivery of the PVC resin
to the customer (The reporting of this value has been completed through the voluntary code of practice
described in Chapter 1.)

Whilst these processes have not ‘solved the problem’, they are helpful incremental steps. In addition,
across the PVC Industry there needs to be full examination of ‘best practice’ since there may be obvious
gains by benchmarking differing sites and companies.

In addition to the reduction of CO,, it is instructive to evaluate the by-products produced at
intermediate sites from the chlorine manufacturing processes and gas cracking processes. Fairly large
quantities of hydrogen are produced from such sites, which is currently used as a fuel. Clearly in future
years a more appropriate use of this gas could be in fuel cell technology, particularly where purer forms
of hydrogen are generated.

4.3.1.4. TNS recommendations. The TNS report lists the following targets for challenge no 1:

e Achieve major improvements in energy efficiency in manufacturing plants

Prior to any significant investment in renewable energy sources, such as the construction of wind
turbines and solar panels, there may be a number of improvements available at PVC plants around
Europe in terms of energy efficiency. Other more significant energy saving projects could be gained from
harvesting energy from the exothermic reaction during the polymerisation process; which is currently
just lost to the atmosphere.

e Improve generation efficiency, for example by increased use of CHP systems

Stepwise improvements in energy efficiency have clearly been demonstrated by the move from
burning coal to oil to gas. This has also significantly reduced acid gas emissions such as sulphur dioxide.
This process should be extended across the European PVC Industry

e Develop programmes for a progressive increase in the use of renewable energy sources for
generation of electricity

The economics of such programmes need to be carefully considered to ensure there is no danger of
becoming ‘economically untenable’ in the process. However, some companies such as IKEA have
chosen to install massive amounts of photovoltaic cells for their roof of their headquarters in Sweden.
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This is clearly a massive investment but highly symbolic in terms of their commitment to sustainable
development.

e Set targets for substantial reductions in transport energy use by improved efficiency, backloading,
rationalisation and selection of optimum mode

To an extent this is already being applied by a number of PVC companies since it also makes good
economic sense, although companies sharing payloads and distribution systems could make more use of
empty containers.

e Analyse the feasibility and carry out a life-cycle analysis (LCA) of changing feedstocks from
hydrocarbons to biomass or other sources

Biomass technology. There has been a tremendous amount of interest in polymers derived from
natural products in recent years, and a number of companies have developed a range of polymers using
this technology. However, it should be remembered that polymers such as PVC could also be
manufactured from such feedstocks. For example, about 50 000 tonnes of PVC are manufactured from
ethylene derived from alcoholysis of sugar beet in India by the company Sanmar.' In addition, there
were two plants to derive ethylene from ethanol designed for Sweden and for Pakistan by a company
called Kematur, but these plants were never built. To convert the quantities needed to supply the Western
economy is rather daunting, but at least this process could be examined to evaluate from a LCA
perspective the impacts from both feedstocks. In future years, no doubt, this will be much more
significant than today, although one argument could be that oil/gas should be reserved for plastics
manufacturing, with future conservation demands on the bigger oil guzzlers such as electricity, heating
and transport. Of course, introducing such technology to eliminate one system condition, might in its
own right, run the risk of introducing contributions to other system condition breaches. The replacement
of oil with biomass is a good example, since biomass grown specifically for ethylene would require vast
areas of intensive farming and this may, for example, risk contributing to breaching system condition 3
(SC3).

Feedstock recycling. This is a new technique developed for the recycling of ‘PVC-rich’ plastic waste
such as PVC-coated fabrics, automotive interior trim, cable harnesses, floorings and other composite
structures. It is anticipated that feedstock recycling will be far more attractive to the PVC Industry in the
short and medium term than biomass technology, and there are no less than four feedstock recycling
projects underway across Europe. The feedstock process essentially breaks PVC down to syngas and
hydrogen chloride (HCl) that can be reused in PVC production.

The technologies of feedstock recycling plants and their subsequent breakdown products are as
follows:

(i) Tavoux Pilot Plant, France—this is a slag bath gasification process, where PVC compositions lead
to the production of syngas 4 hydrogen chloride

(i1) Dow/BSL Project, Germany—a rotary kiln process that recovers hydrogen chloride and energy

(iii) Stignaes Project, Denmark—this is a two-stage thermal hydrolysis process yielding sodium chloride

1 .
www.sanmar.com (India).




www.sanmar.com
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solution, followed by gradual pyrolysis to recover hydrocarbons, fillers and heavy metals for reuse.
(iv) REDOP Project, Holland—this is a dehydrochlorination of mixed plastic from municipal solid
waste.

More details can be found from the European PVC Industry voluntary commitment, Vinyl 2010 [31].
Importantly, such technologies feed into ethylene/VCM plants rather than PVC production plants.
This will have implications on where such large-scale plants should be constructed in the future.

e Develop co-operative programmes to substantially increase the recycling of waste products
including a major effort to work with other agencies and users

This is discussed in more detail under challenge no. 2.

e Agree specific targets for adopting carbon sequestration schemes

There is continuous debate about the potential for carbon sequestration, with some NGOs completely
against such schemes. As an initial proposal, it will be important to establish what realistically can be
achieved by energy efficiency projects within the PVC Industry and over what time scales. Carbon
sequestration can also be achieved through various technologies; one route is the plantation of trees,
which has been claimed to offset CO, emissions. Some companies have utilised these schemes, but these
are probably largely symbolic than truly sustainable solutions. In addition, other more pioneering
techniques have been developed, for example, those that involve the reintegration of carbon dioxide
back into the lithosphere by means of pumping liquefied CO, into under-sea strata using off-shore oil
installations.

4.3.2. TNS challenge no. 2
The industry should commit itself long term to a closed-loop system of PVC waste management.

4.3.2.1. Why is this important? Currently up to 90% of waste PVC is landfilled across Europe. This
primarily contributes to breaching system condition 3, but the indirect effects of wasting PVC in
this manner may contribute to all of the system conditions. In addition, despite all industry’s efforts
to demonstrate that such disposal routes are safe, questions will always remain. In the words of one
European Commissioner, “Landfill is like sweeping our waste under the carpet, even if you cannot
see it, it still remains and would not go away”. Future legislative measures across all industries are
anticipated to drive much more activity towards finding solutions to the growing mountain of
waste. Such measures have already begun in the form of European legislation such as the ‘End of
Life Vehicles Directive’ [32] and the proposal for a directive on waste electrical and electronic
equipment [33]. The European Commission’s Green Paper on PVC [5] is a direct result of the
Commission’s interest in resolving waste arising from PVC products.

In the short to medium term, the option of landfill will become even more restricted in some member
states. There is impending German legislation to prevent the disposal of plastics in landfill sites, and in
2000, a specific tax on certain PVC products was introduced in Denmark for the purpose of funding the
additional costs of incineration of PVC in this country. Using the metaphor of TNS regarding the ‘funnel
effect’, the entrance to the funnel will be narrower or wider on a country-by-country basis regarding the
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option of disposal to landfill. This is an important consideration since this will also affect the economics
of what can and cannot be achieved, although in all cases the sustainability challenge must be grasped in
the long term.

4.3.2.2. Barriers to the challenge. In today’s society, it will be very difficult to collect all material back
for recycling even if bold benchmarks are used. According to one report by Prognos [34] (undertaken by
the European Commission as part of the ‘horizontal initiative’ on PVC), there will be limitations on the
amount of PVC that can be mechanically recycled. For example, this study predicts a maximum 18% of
PVC that could be handled by mechanical recycling by 2020. Therefore, alternative emerging
technologies such as feedstock recycling and other novel technologies such as Vinyloop [35] will require
large-scale production sites particularly for the more-difficult-to recycle products. Industry must also
consider the emerging importance of Product Stewardship, taking a responsible attitude towards the fate
of additives no longer used by our industry but contained in existing PVC products in use. For example,
should these products be recycled and if so how can we prevent them from being diluted into other
recycled products and thereby spreading contamination? Such exercises should not be done in isolation,
but must be undertaken with a broad range of stakeholders such as recycling organisations, legislators
and environmental bodies.

The economics of recycling remains the biggest barrier to this challenge. Unlike metals, plastics carry
a much lower economic cost per tonne of virgin material. This means that, when collection, reclamation
and washing costs of used products are taken into consideration, the economics of recycling can become
restrictive particularly during a downturn on prices of virgin PVC.

Other barriers are beginning to be overcome. For example, by working with the various standards
institutes, restrictions on quantities of recycled product in finished goods are being withdrawn through
demonstration that the functionality of the product has not been diminished by the inclusion of recyclate
and that recycled material is able to conform to the same specifications as virgin PVC compounds.

PVCis not alone regarding the relatively poor recycling rates of plastics compared to metals, although
such rates are predominantly due to the economics of recycling lightweight products. Importantly, from
a technical perspective, PVC can be recycled a number of times without significant loss in technical
properties. This has been clearly demonstrated by Hydro Polymers Ltd for pipe fitting mouldings and
computer housings that were recycled across 10 thermal histories in total without the inclusion of any
additional ingredients. The physical properties of these PVC products remained largely unchanged [36].
Examining this in terms of the sustainability of a building product, would yield a hypothetical 250-year
usage of a material assuming 100% recycling at periods of 50-year usage. Clearly, this begins to open up
a new realisation that perhaps PVC can play an important role in a future sustainable society of growing
population. Its persistence is actually a strength in terms of sustainable development, enhancing the
amount of service to society that may be delivered by a pool of atoms. In addition, nearly 70% of total
PVC usage is in construction applications with long-term service life, such as in windows and pipes.

4.3.2.3. How could this be tackled? The European plan for the development of an integrated waste
management approach has been formally prepared within the industry voluntary commitment outlined in
Vinyl 2010 [31] The main thrust of this is to examine how recycling schemes are already operating in
some European countries (e.g. the German scheme for recycling window frames as well as several
schemes for pipes) and a commitment to recycle specific targeted quantities of PVC by given deadlines.

Ideally, PVC products should be recycled back into the same application or within controlled loops
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(e.g. building products recycled into new building products), this is often termed ‘closed-loop recycling’.
Importantly, fresh thought should be given to formulation consideration at the design stage and within
the supply chain of the industry. Sometimes the term precycling has been used, i.e. designing products so
that they are easy to dissemble and recycle. Often the PVC industry is accused of ‘down-cycling’, this is
where the new application of the recycled product is considered of lesser value than its original
application. A number of recycling schemes in place today have been accused of down-cycling. There
needs to be a shift to ‘high quality’ recycling which, according to Prognos [34], could contribute as much
as two-thirds of the recycled quantities by 2020.

However, there may be some applications where the original application is of less value than the
recycled application. One example of this could be recycled packaging which if used in a building
application could be considered as ‘upcycling’, i.e. from a short term application to a longer life product
such as a building application.

From an environmental perspective, the waste hierarchy is worth reviewing, which states that for end-
of-life products, the following options in order of environmental preference:

(1) Product reuse (most favoured)

(i) Product recycling—mechanical, chemical

(iii) State of the art energy recycling (incineration with energy recovery)
(iv) Landfill (least favoured)

It should also be remembered that recycling is not without its own environmental impacts and
consumption of resources. The need not to be obliged to recycle more than is required must be given
careful consideration, although this should not be an excuse for doing nothing.

4.3.2.4. Voluntary commitments—Vinyl 2010. Pipes and windows. The European PVC Industry
voluntary commitment made by the windows and pipes federations goes some way in supporting
this challenge. For example, TEPPFA (European Plastics Pipe and Fitting Association) and EPPA
(European PVC Window Profile and Related Building Products Association) have committed to
setting up collection and recycling task forces around Europe. This will ensure that over 50% of
recovered pipes and windows will be recycled into new pipes and windows by 2005. In addition,
EPPA is currently undertaking research on the most effective methods to increase post-consumer
window frame recycling.

Flexible PVC including cables/tarpaulins/flooring. A new emerging process (already discussed) that
has been developed by Solvay is known as Vinyloop [35]. This technology takes scrap PVC that is first
dissolved in a solvent. This is subsequently filtered and precipitated and the solvent recovered for future
use. It is best suited for composite materials. Currently, there is a scale-up process being developed at
Ferrara, Italy, taking the small-scale development plant of 70 kg a day to a potential 25 000 kg per day.
Anticipated volumes for the Italian plant are expected to be around 10 000 tonnes per annum. In
addition, a further project (Ferrari) examining PVC-coated fabrics is being developed in France using the
same technology. A business concept to evaluate the relevance of this technology to flooring is under
review by the European PVC flooring group EPFLOOR, who have committed to recycle increasing
quantities of PVC flooring at end-of-life. This commitment is to recycle at least 50% of the collectable
available quantity of PVC flooring waste by 2008. The roofing membrane sector represented by ESWA
(European Single Ply Waterproofing Association) commits to recycle increasing quantities of PVC
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roofing membranes at the end-of-life application; this commitment is to recycle at least 50% of the
collectable available quantity of roofing membranes waste by 2005.

In addition to the Vinyloop process, the alternative feedstock process can be utilised for these
materials. This process essentially breaks PVC down into syngas and HCI that can be reused in PVC
production. There are various other emerging technologies being developed around Europe that are
described under challenge 1.

Design for recycling. New products entering the market need to be assessed for their suitability for
recycling. For example, concerns have already been expressed about the ability to recycle PVC/wood
composites. This is not to say that they are not recyclable, it is just that there appears to be little work
done on evaluating the potential to recycle such products. Meanwhile, the market continues to expand.
By way of example, if such products prove difficult to recycle, then what do we as an industry do?
Clearly, products which are hugely problematic to recycle may come back to haunt our industry.

TNS recommends that, to be effective, any recycling scheme will have to involve many stakeholders
including processors, customers for the product, local and national authorities. In the UK, landfill tax
credits (Government-funded) have just been obtained to help support a British Plastics Federation task
force charged with the task of evaluating the amount of waste PVC entering the waste stream from
applications such as cables, tarpaulins and other difficult-to-recycle PVC-rich products. There will
always be some products that will require disposal by incineration because of the potential for
contamination and biological infection such as disposable PVC medical devices. Such products are
unlikely to gain acceptance to be recycled because of the health and safety risks. However, such products
yield a very high social value that may offset incineration costs.

In summary, the specific targets for action to move to a ‘closed-loop’ system as recommended by TNS
include:

e Enhance joint efforts with stakeholders to increase the amount of recycling and reuse of PVC
products including investigation of obstacles and infrastructure necessary to overcome them

Various European schemes are now underway.
e Set specific targets for the above increasing progressively over time
Industry-wide targets have already been set through the European voluntary commitment.

e Continue investigations into the potential toxicity problems arising from PVC in landfill and,
where required, ban substances from landfill

There is a continued dialogue with academia and trade associations following a three-year landfill
study commissioned by industry [37]. Landfill will remain an important waste disposal option for PVC
and other waste arisings in the short term, but landfill is not a sustainable solution and must be phased out
in the long term.

e Analyse the sustainability implications of the extent of continued use of landfill and alternative waste
disposal routes, including incineration
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This is currently being tackled through the waste management group of ECVM.
e Develop the pilot plant for PVC feedstock recycling to full-scale production

Such plants are under construction and the most successful of them will be scaled-up.

4.3.3. TNS challenge no. 3
The industry should commit itself long-term to ensuring that releases of persistent organic compounds
from the whole life-cycle do not result in systematic increases in concentration in nature.

4.3.3.1. Why is this important? Organochlorine compounds exist as products or by-products of PVC at
all stages of the process. They are seen as possibly the most controversial part of the PVC industry. Some
of these chemicals are highly toxic, and when released can cause harm or accumulate in nature under
certain conditions where they may have long-term effects (Examples include furans and dioxins). Other
chlorinated compounds break down fairly readily but may lead to localised acidification (for example,
VCM). However, major reductions of dioxins have been achieved by the PVC industry in recent years.
For example, at Hydro’s Rafnes plant in Norway total dioxin emissions are of the order of around 40 mg
TEQ dioxins per annum. To put this into perspective, the annual emissions from a marine engine on a
deep sea tug are estimated to be around 70 mg TEQ per annum [38], i.e. nearly double the emissions
from the Rafnes plant.

4.3.3.2. How could this be achieved? The TNS methodology is satisfied when emissions and all kinds of
leakages of persistent organic compounds are eliminated. From a scientific process it could be argued
that values may already be reduced to levels where these releases do not exceed the capacity of natural
systems to break down and reintegrate these substances and their breakdown products. However, in the
absence of such a threshold concentration then the precautionary principle would suggest a commitment
to ‘zero emissions’ as a prudent goal. Further research may be helpful to establish maximum levels
consistent with reintegration in natural systems, to enable fair comparisons to be made with other
substances many of which may be considered ‘safe’ in the absence of such data.
Some key activities in this process will be:

e Identify sources and emission/leakage levels of persistent organic pollutants across the whole
life-cycle

Values now exist as published in the latest Hydro Polymers Ltd EMAS statement [29] for most of the
production phase of the life-cycle, including all fugitive, accidental and by-product emissions of
organochlorines in plants as required by the UK code of practice for the manufacture of suspension PVC
[24].

e Define mechanisms for achieving emissions to a level that results in no systematic accumulation
in nature

This is important since it may be possible to operate at near-zero levels for some contaminants and at
higher levels for others if it can be scientifically demonstrated that the capacity of natural systems to
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break down these levels and reintegrate such substances. Establishing threshold levels could be
important but will always carry a higher risk compared to elimination.

Other persistent chemicals
e Refrigerants and fire fighting chemicals

Like any industry there are a number of alternative refrigerants used within the PVC Industry. (Some
of these refrigerants are known as ozone-depleting substances.) TNS methodology requires the same
approaches described above.

e Mercury emissions

A number of European chlorine plants still rely on mercury cell technology. Whilst significant
reductions of mercury emissions have been achieved at these plants in recent years, elimination of this
technology will be required to prevent its accumulation in the environment. For Hydro this is relevant to
the Stenungsund plant in Sweden, and Hydro has given a commitment to phase out this technology by
the year 2010.

4.3.4. TNS challenge no. 4

The industry should review the use of all additives consistent with attaining full sustainability, and
especially commit to phasing out all persistent compounds foreign to nature, as well as chemicals for
which there is reasonable doubt regarding toxic effects.

4.3.4.1. Why is this important? PVC is one of the most versatile polymers due to the fact that it can
accommodate a wide range of additives and at significantly high levels, in some formulations exceeding
the mass of the resin itself. Therefore, it comes as no surprise that all such additives contribute towards
the sustainability implications of the PVC life-cycle. The two types of additives to which we must pay
attention are stabilisers and plasticisers. The continued use of heavy metals and the debate surrounding
phthalates remain contentious. From a TNS perspective, the escape of heavy metals from our products
from either original manufacture, degradation of products in use, or ultimate disposal in landfill,
incinerator gases or ash, is a cause for concern. Although TNS does recognise that such heavy metals are
used in other industries, the issue remains whether or not the PVC industry contributes towards the
systematic accumulation in nature of such heavy metals. In addition, the use of phthalates raises a
number of issues regarding the principles of TNS; they contribute to breaching system condition 1 since
they are derived from oil, and they may contribute to breaching system condition 2 since, under the right
conditions, they can accumulate in the environment under anaerobic conditions (Although phthalates
under aerobic conditions are generally considered to be biodegradable.) In addition, their ability to cause
toxicity and reprotoxicity effects in rats and mice raises concerns, as does their potential endocrine
disruption effects although there is no evidence for these effects in humans. However, it is important to
emphasise that the debate surrounding hormone-disrupting chemicals is a highly controversial area of
science, and may pose a threat to industry far bigger than some of the other challenges. Therefore, we
need to be mindful of all kinds of potential low-dose effects on biological systems in order to prevent the
emergence of major future issues. There are also a number of other additives of potential concern
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including chlorinated paraffins, tin compounds, antimony, etc. When we contribute to the release of
persistent compounds into nature, and once such effects are validated, it’s too late to rescue the situation.

4.3.4.2. Formulation development. Prior to new formulations being developed, consideration should be
given by the industry to all additives used with regard to their suitability, using the TNS methodology.
New formulations should be free from lead with calcium/zinc systems the preferred option on the short
time period (zinc is problematic in the long run) as well as emerging organic-based systems (OBS). The
OBS stabilisers were developed at the request of Hydro Polymers, that led to a joint partnership between
Hydro Polymers, Ciba Additives GMbH and the pipe manufacturer, Wavin. Such decisions of course
need to be put into perspective of economic constraints. Ironically, this is where regulation can help to
set a level playing field, since all players would need to conform to the same principles and standards.

Future formulation chemists could apply their skills to this important area of research to formulate
‘away from the walls of the funnel’.

4.3.4.3. How could this be achieved? Legislation. The European Commission Green Paper has already
highlighted concerns about the continued use of lead and cadmium stabilisers, and the final
communication on PVC from the European Commission is still awaited. A resolution from the European
Parliament [39] on the Green Paper stated that lead stabilisers should be phased out, but did not indicate
a specific timetable. Some member states have already implemented a lead phase-out policy such as the
Swedish chemicals policy and Denmark’s proposed ban on virtually all products containing lead.
Furthermore, the recent development of a European Community Directive on drinking water quality [40]
has already highlighted that lead stabiliser will not be approved for use in PVC pipes after 2003.

With regard to phthalates, the temporary ban on the use of PVC toys intended to be sucked or chewed
is an example of ‘hitting the walls of the funnel’, described in Chapter 3. Phthalates are also highlighted
in the Green Paper and the European Parliament Resolution. Industry awaits the findings contained in the
final communication. Importantly, five phthalate plasticisers are nearing completion of an ‘Existing
Substances Regulation’ (EEC/793/93) which evaluates risks to both human health and to the
environment from exposure and use of these chemicals. The publication of the conclusions in the
European Official Journal from the risk assessments for the main plasticisers used in PVC compounds,
di-2-ethylhexyl phthalate (DEHP), DINP, and DIDP are anticipated during 2002.

In addition, The European Commission issued a White Paper on a strategy for a future community
policy on chemicals [41]. The main objective is to ensure a high level of protection for human health and
the environment, while ensuring the efficient functioning of the internal market and stimulating
innovation and competitiveness in the chemical industry. It remains to be seen what effect this will have
on the chemicals used in the PVC industry.

4.3.4.4. Voluntary commitments. With regard to European wide voluntary commitments, The Vinyl 2010
report emphasises the importance of the following commitments:
Plasticisers

o The plasticiser industry will continue to conduct research in order to provide scientific studies and
expertise to help policy-makers develop well-informed decisions with significant funding on research.
o The sector will continue to improve the already sizeable scientific database of its products consistent
with Responsible Care® principles, and use it to propose improvements based on the results of
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European risk assessments. If warranted by the results, appropriate risk reduction measures will be
taken by industry.

e Industry supports the concept of life-cycle inventory evaluation of materials in order to highlight
possible improvements. An eco-profile report was published in 2001 for the manufacture of
plasticisers.

Stabilisers

e The use of cadmium in all stabiliser systems placed on the European market has been phased out as of
March 2001.
e ESPA have committed to performing initial risk assessments on lead stabilisers under the CEFIC and
ICCA programmes ‘Confidence in chemicals’ by 2004.
e ESPA members continue to research and develop alternative stabilisers to the widely-used and
highly-effective lead-based systems.
e ESPA members will produce yearly statistics showing which stabilisers are purchased by the
converters and in which product category.
e ESPA and EuPC commit to replace lead stabilisers to achieve the following reduction targets,
measured on the basis of 2000 consumption levels:
15% reduction in lead by 2005
50% reduction in lead by 2010
100% reduction in lead by 2015.

Areas for action suggested by TNS include the following:

e determine in which applications it would be prudent to review the use of plasticised PVC, and
other potentially problematic additives

Hydro Polymers Ltd took a decision 20 years ago not to support the use of flexible PVC for use in
teething rings [42]. This was primarily based on the fact that the standards set up for toys were
inappropriate for organic contaminants in terms of measurement for migration. In some applications,
further consideration may be needed in view of pending risk assessments on phthalates (particularly for
DEHP).

e where there is reasonable doubt about the safety of phthalates, research alternative plasticisers
and other additives that do not result in systematic accumulation in nature or toxic effects. It is
important to note that alternatives should not be assumed to be more sustainable than known
problematic substances in the absence of a sustainability analysis.

Hydro Polymers Ltd is participating in a project with the Danish Technical Institute and a number of
Danish medical converters and the Danish Environmental Protection Agency to evaluate a range of
plasticisers that may be suitable for use in medical device applications. Currently formulations are being
developed at Hydro’s compounding plant in the UK to support this project following a two-year review
of alternative plasticisers. However, it must be emphasised that phthalates such as DEHP have been
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safely used in medical device applications by Hydro Polymers Ltd for 47 years [42], whilst such
alternatives have no proven track record.

4.3.5. TNS challenge no. 5
The industry should commit to the raising of awareness about sustainable development across the
industry, and the inclusion of all participants in its achievement.

4.3.5.1. Why is this important? This is of fundamental importance in supporting the other challenges.
A clear strategy for raising and achieving awareness of sustainable development across the industry can
only lead to more sustainable business practices and improved market opportunities. Significantly, many
sustainability challenges can only be addressed by partnerships of organisations involved with PVC
across its whole life-cycle. The Vinyl 2010 process is the beginning of such a strategy that is uniting the
European PVC Industry from raw materials suppliers to end customers. However, this does not prevent
pioneers from within the industry innovating their own novel solutions to existing challenges ahead of
the game. One of the recommendations from the TNS report was to increasingly engage in an awareness
campaign such that all those directly involved understand what sustainability means in practice, and can
participate in the process.

4.3.5.2. Engaging stakeholders. Whilst Chapter 2 described an interesting case study of stakeholder
engagement in the UK, there have been several other voluntary commitments across Europe. For
example, a recent study was published in Germany [43]. It was funded by AGPU—the German PVC
trade organisation and was directed by a steering group involving a wide spectrum of interests from
environmental lobbyists, academics, politicians, representatives of industry and the media. The study
focused on four product areas: windows, pipes, cables and packaging film. Sustainability indices were
defined covering social and economic as well as ecological areas, the so-called triple bottom line
perspective. The study assessed the short, medium and long-term impacts of PVC products and
compared them to alternatives. In general terms, PVC was considered on the basis of LCAs to be more
sustainable than alternative products for most applications in the short to medium term. However, in the
longer term, less sustainable, principally because of PVCs dependence on oil/natural gas feedstock.
However, it did note that this could be improved and was highly dependent on the feasibility of recycling
product after use. Clearly, this result also emphasises the long term importance of alternative feedstock
to hydrocarbons.

From Hydro Polymers’ perspective, the company has already made a commitment from senior
management to address the above challenges. This is an essential element for any company wishing to
take forward a sustainable development agenda.

4.3.5.3. Socially beneficial products. Future attention to products in the market will also be measured by
their social contribution to society. This is required to satisfy the fourth of the TNS system conditions:
that resources are used fairly and efficiently in order to meet basic human needs worldwide. This was
included in the German study [43] and it is envisaged that—on the condition that the five challenges are
appropriately dealt with—PVC can have an increasingly important role to play in meeting such needs.
For example, on the theme of protection, PVC plays a key role in delivering clean drinking water to our
homes, insulating high voltage cables, storing of blood and plasma, acting as buoyancy floats, helping us
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to avoid many problematic heavy metals like copper on tubes, help provide cheap materials in the
developing world.

5. Chapter 5
5.1. Conclusions

The work outlined in this report demonstrates that PVC could be considered a sustainable material
provided that the industry can deliver on five key challenges. It is important to recognise that these
challenges on their own are huge, and at the very least, rather daunting. Nevertheless, through a series of
stepwise improvements such challenges can be broken down into flexible platforms that would permit
the industry to drive towards sustainability. Indeed the systems framework can be applied to almost any
material or process as a guide to what would be required to take steps towards a sustainable future.
Furthermore, these challenges are probably not too dissimilar to the challenges faced by competing
materials, should they be scrutinised to the same degree as PVC has been in this report.

In recent years, the PVC industry has witnessed some materials specifiers taking the easy option and
deselecting PVC in preference to competing materials. In other words, the ostrich approach towards
sustainable development. Such substitutions have rarely been done based on any rigorous scientific
scrutiny. For example, such scrutiny could include the examination of the sustainability footprint of one
material versus the other, and opting for the least unsustainable product and encouraging further
sustainable practices for such a product. Or, by opting for a particular material and driving out all
unsustainable practices throughout its life-cycle.

In future years, the easy option of materials deselection without thorough scientific scrutiny must be
questioned if we are to base our future on scientific arguments and principles. Similarly, the PVC
Industry will no doubt be judged on its ability to become sustainable as the consequences of
unsustainable practices continue at their present rate. However, provided that the industry is able to
deliver on these challenges, then it’s future looks positive. The durability of PVC combined with its
resistance to degradation are essential components for long-term product applications. Equally, PVCs
ability to be recycled in controlled loops back into similar applications is fundamental to the principles
of sustainability. It is only a question of time before alternative materials are assessed with the same
degree of rigour as PVC has been. Ultimately, [ would like to think that this might well lead to a better
understanding of the importance of PVC in its role to the well-being of mankind and to the environment.
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Closed Loop Recycling Opportunities for PVC

by Jason Leadbitter & Jonathan Bradley

Hydro Polymers Ltd. Newton Aycliffe, Co Durham DL5 6EA

Abstract

This report considers how a continuing cycle of injection moulding, granulation and
pelletising affects the processability and various physical properties of two dissimilar
PVC-U materials. For each material, one a K50 suspension resin with a tin stabiliser -
and one a K57 suspension resin with a lead stabiliser , a full range of physical and
thermal properties were evaluated. Virgin material, followed by 1st, 2nd 3rd and 4th
generation regrinds (100%) were manufactured then tested. The evaluation confirms
the closed-loop recycling potential of PVC albeit tested without physical ageing
between cycles. This validation has subsequently been confirmed in the UK by
commercial scale closed loop recycling of PVC business machine housings at our
site at Aycliffe, Co Durham, via a joint venture between Hydro Polymers and Geon
USA.

1. Introduction

The issue of plastics recycling is here to stay and the pressures to do more driven by public
perception of their use in non-renewable resources are real. However, putting the issue of
non-renewable resources into perspective is also important. For example, by far the vast
majority of non-renewable petroleum resources go directly into one-trip applications such
as heating and transport, with the total plastics industry representing only some 5% of
petroleum resources (W Europe) for the actual materials used in manufacture with perhaps
a 2-3% contribution for process energy, see Figure 1 for details (1). Furthermore, unlike
other commodity thermoplastics, PVC is not derived entirely from oil and more than half the
feedstock comes from salt, which although this is a non-renewable resource there is a
plentiful supply to last thousands of years as opposed to perhaps hundreds of years for
petroleum resources based on present usage. Nevertheless society should encourage
sensible recycling, but both the economic and environmental consequences of end-of-life
products need to be assessed in order to demonstrate their potential for new life
applications. For example, it would seem nonsensical to attempt to separate, wash and
reprocess used cling film from household waste and by far the most economical route
would be disposal through energy recovery by incineration, whereas in contrast a much
larger uncontaminated product such as a large automotive component at the end of its life
should be seen as a resource for a secondary life and not as waste. It is often suggested
that the preferred disposal technique must therefore depend both on the type and quantity
of "waste" and where it is located (2).

One of the limiting factors in PVC recycling is its availability in a viable form. Indeed
compared to other plastics, PVC represents only some 10% of all thermoplastics for use in
food packaging applications i.e. short life applications, with the bulk of applications in

longer term applications i.e. greater than 20 years, see Figure 2 for details (1).
Nevertheless progress has been made where collection and return systems have been
developed such as supermarket on-shelf trays which are reprocessed back into their
original applications and post consumer bottles processed into other products (3). Waste
packaging legislation recently introduced in the UK and more established in other European
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Countries will influence the drive to significantly higher amount of retuns. Perhaps an
even greater limiting factor for unplasticised PVC is its use in very long-term applications
such as the building markets. This essentially means that there is currently limited
feedstock available in the UK. However, in other countries such as Germany where PVC-U
window profiles originated, significant quantities of post consumer waste are becoming
available for recycling and indeed commercial realisation of recycling such profile has been
established by companies such as Veka, a leading German PVC window frame
manufacturer (4), who have now established recycling of used PVC window frames
extruded back into new applications, albeit with an exterior virgin skin for aesthetic
appearance, such technology is known as "closed loop recycling”. But what of injection
moulding? known to be a far more demanding a process on the material compared to
extrusion, due to the higher shear rates experienced during the moulding process. This
paper sets out the technical viability of the continued recycling of two dissimilar PVC-U
injection moulding compounds and thereby attempts to establish their limits.. The work was
originally examined since PVC has been successfully used in business machine housings
and keyboards which have a relatively short life span compared to building applications.
Consequently the availability of feedstock of such material is real, and last year as a result
of a joint venture between Hydro and Geon, over 250 tonnes of regrind PVC mouldings
were recompounded at our site in Aycliffe, Co Durham and sold to moulding companies
who converted it back into business machine components. In this work, the processing and
testing have been compressed into a relatively short space of time. Nevertheless the work
does clearly demonstrate the technical merits of PVC-U as a reprocessable polymer.

2. Experimental

Two compounds were used in this research work. The first was based on a K50 resin
formulation using tin stabiliser and a grey pigmentation, the second was based on a K57
resin formulation using a lead stabiliser and white pigmentation. Full formulation details are
shown in Tables A & B. The initial virgin compounds were manufactured using large
industrial scale compounding lines. Once the compounds were produced, the first injection
moulding trials were evaluated by moulding physical test pieces from a family tool. The
final stage of the initial process was to regrind the excess quantities of physical test pieces
followed by re-compounding of the regrind back into pellets. In all cases reprocessing was
based on 100% regrind without the addition of further stabilisers or process aids.

In all, five passes of each material were made, Virgin through to 4th generation regrind,
which in total meant that both materials underwent 10 thermal histories, see the enclosed
process flow chart for details, Figure 3.

Processing Equipment

Injection Moulding

A Negri Bossi NB90 injection moulding machine was used, in combination with a family
physical test piece mould. A check ring screw was used with the K50 formulation whilst the
K57 formulation utilised a smear tip screw. Both screws were of conventional PVC type

design.

With the exception of screw shot size which was altered to correspond with material
viscosity, constant moulding conditions were used throughout the evaluation.
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The samples produced included: Tensile bar, Izod and Charpy Impact Specimens, Vicat

and relative density disks. Other physical tests were performed on the re-pelletised...

compounds including thermal stability based both on static and dynamic test methods.

Granulation
A Cumberland regrinding machine fitted with appropriate screen size to prevent bridging in

the hopper of the compounding unit. The granulate required 3 passes through the machine
in order to produce a nominal particle size of between 5-6 mm.

Recompounding (Pelletizing)

A Schloemann BT50 twin screw compounding extruder was used to transform the regrind
into regular pellets. Constant processing conditions were maintained throughout.

Testing of Materials

The following physical and thermal test protocols were evaluated:

Specific Gravity : BS 2782 Part 6 Method 620A (1980)
50 N Vicat Softening Point : BS 2782 Part 1 Method 120
Notched lzod Impact Strength : BS 2782 Part 3 Method 350
Notched Charpy Impact Strength BS 2782 Mart 3 Method 359 (1984)
Tensile Stress at Yield : BS 2782 Method 320B (1976)
Elongation at Break : BS 2782 Method 320 B (1976)
Flexural Strength : BS 2782 Part 3 Method 335A
Flexural Modulus : BS 2782 Part 3 Method 335A
Heat Distortion Temperature : BS 2782 Part 1 Method 121A
Static Heat Stability @ 180°C : BS 2782 Part 1 Method 130A
Dynamic Heat Stability

Two Roll Mill method : ISO 1163/2, ISO 2898/2
Macklow Smith Finish/Gelation : HPL internal test method (CTM-006)
Melt Flow Index : BS 2782 Part 7 Method 720A

ICS L,a,b colour co-ordinates were also evaluated for each sample

3. Results

Table C shows the physical property and thermal stability data for the K50, tin stabilised
formulation. '

Table D shows the physical property and thermal stability data for the K57, lead stabilised
formulation.

Table E shows the colour data for the K50, tin stabilised formulation

Table F shows the colour data for the K57, lead stabilised formulation
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4. Discussion

In both formulations it was possible to process the materials through 4 generations, which
meant that both materials had undergone a total of 10 thermal histories. No processing
problems were encountered at any stage in the cycle for the tin stabilised formulation.
However, poorer mouldings were noted from the 4th generation regrind based on the lead
stabilised material, caused by increases in shot size and lubricant failure in the material. It
was not until the 4th generation that a shift in thermal stability was noted for the tin
stabilised system. An observable colour change was noted for the lead stabilised system.
From the results the following trends were observed.

K50 Tin Stabilised Formulation

There was no visual change in colour between recycled samples even -after the 4th
generation regrind, minor changes were noted in colour measurements as shown in Table
E. All materials processed satisfactorily with no decrease in processability throughout the
evaluation

Several of the resulting series of data displayed a trend, whereas other results changed
very little. An increase in the 1zod and Charpy impact strength occurred between the virgin
and 1st generation regrind. A plausible explanation for such an effect is better distribution
of impact modifier throughout the matrix achieved by a higher degree of mixing via
reprocessing. Most of the other physical properties remained the same. As anticipated
the specific gravity was unchanged throughout, also the 50N Vicat, tensile stress and
elongation at break remained fairly static. The thermal properties showed a marginally
downward trend in static heat stability after the initial step change in virgin to 1st generation
and only a step change upon the 4th generation regrind in dynamic heat stability. The
recycling process increased the melt flow of the polymer as observed by the increasing
index particularly for the change from virgin to 1st and 2nd generation regrind. A more
consistent downward trend in heat distortion temperature was also noted from Virgin to 4th
generation.

K57 Lead Stabilised Compound
The same conclusions cannot be drawn for this material.

A larger shift in colour was apparent although this grade was white rather than grey, which
progressively changed after reprocessing. A visible difference can be detected by visual
inspection which is confirmed by increased yellowness using colour measurement. The 4th
generation regrind gave some processing problems with increasing shot size and evidence
of surging, suggesting lubrication failure.in the material, although there was still a
comfortable margin of thermal stability remaining as supported by the residual dynamic and
static heat stabilities.

Significantly lower impact results were recorded for this grade which is not surprising since
the formulation contained no impact modifier. Consequently there was no step change in
performance in this test as noted for the impact modified grade after the 1st generation
regrind, (confirming the plausible explanation of better distribution of impact modifier). The
main consistent changes were again observed in thermal properties which as anticipated
progressively decreased, although relatively safe margins of thermal stability still remained
even after the 10th thermal history i.e. 4th generation regrind. Other physical properties
remained more consistent such as Vicat Softening point, tensile stress at yield and melt
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flow index, suggesting that the base polymer is less susceptible to reprocessing than was
the case for impact modified grade.

5. Conclusions

This study has demonstrated that two dissimilar PVC-U formulations can be successfully
recycled (100%) several times without significant loss in physical properties. The process
involved injection moulding these grades which is more liable to thermal degradation than
extrusion. The process did not allow normal ageing between the cycles which according to
some researchers may be expected to somewhat reduce the thermal stability of the
material (5). However, no additional additives were incorporated between reprocessing.
Clearly such modifications could be utilised in practice whereby the recycled material may
not necessarily be 100% recycled but blended with virgin material. The study has
confirmed that the physical properties of recycled PVC-U are very similar to virgin material
even after several passes. Indeed the grade containing impact modifier may show
moderately improved impact strength performance upon recycling due to better dispersion
of the modifier.

In summary, this study has demonstrated the feasibility of 100% recycling in a worst case
scenario. These conclusions have been supported from a successful ongoing commercial
recycling operation.
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MATERIAL FO ATIONS

TABLE A
COMPOUND REFERENCE: 3360/84/1
INGREDIENTS PARTS PER HUNDRED RESIN
(PHR)
PVC SUSPENSION RESIN (K50) 100.00
TIN STABILISER ‘ 2.00
IMPACT MODIFIER e 14.00
LUBRICANTS - INTERNAL/EXTERNAL 4.00
PIGMENTATION 5.00
TABLE B
COMPOUND REFERENCE:  3360/8412
INGREDIENTS PARTS PER HUNDRED RESIN
(PHR)
PVC.SUSPENSION RESIN (K57) 100.00
LEAD STABILISER/LUBRICATION 8.00
FILLER o _ 5.00
PIGMENTATION 7.50
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Figure 3 Process Flow Chart
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TABLE C
3360/84/1 K50, TIN STABILISED
1st 2nd 3rd 4th
Test Units Virgin Generation | Generation | Generation | Generation
Regrind Regrind Regrind Regrind
Specific Gravity glem® 1.372 1.370 1.370 1.370 1.370
~ SON Vicat Softening Point °C 70.5 70.2 69.8 69.2 69.8
Izod Impact Strength kJ/m? 45.99° 56.08° 55.29° 50.28° 50.71°
Standard Deviation - 2.978 1.567 1.410 ©-1.83 0.77
Charpy Impact Strength K/m? 17.13® 30.33° 16.83% 16.27* 31.08°
Standard Deviation - 0.943 +| 1175 0.80 0.34 0.81
Teasile Strength MPa 42.21 43.21 43.25 44.43 42.39
Standard Deviation - 0.26 0.20 0.15 0.30 0.43
Elongation at Break % 41.20 41.80 42.40 38.20 54.60
Standard Deviation - 8.11 3.56 2.88 3.56 9.74
Flexural Strength MPa 56.91 53.74 57.83 55.171 5630
- Standard Deviation - 0.77 0.95 0.52 0.51 0.32
Flexural Modulus GPa 2.223 2.070 2.166 +2.123 2135
Standard Deviation - 0.035 - 0.021 0.082 0.06 0.068
Heat Distortion Temperature < 57.0 56.0 54.0 53.0 45
Static Heat Stability @ 180°C mins 102 83 83 83 T
Dynamic Heat Stability - mins 46 46 51 47 36
Macklow Smith Finish - C/D C B A/B A/B
Macklow Smith Pressure kg/cm?’ 152 163 149 137 130
Melt Flow Index £/10 min 44.57 65.58 71.93 75.07 74.65
Standard Deviation - 1.23 0.85 0.94 - 1.27 2.04

*N.B. Izod, Charpy Impact Strengths

B denotes Brittle fracture
‘D denotes Ductile fracture
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TABLED

3360/84/2 K57, LEAD STABILISED

st 2nd 3rd 4th
Test Units Virgin Generation | Generation | Generaticn | Generation

Regrind Regrind Regrind Regrind
Specific Gravity glem?® 1.510 1.509 1.510 1.510 1.508
5SON Vicat Softening Point «C 78.9 79.3 9.5 79.6 79.3
Izod Impact Strength K/m? 6.21° 6.23* 6.35° 4.97 5.55%
Standard Deviation - 0.626 0.640 0.798 0.40 0.99
Charpy Impact Strength WJ/m?* 6.81° 6.2 5.728 5.81% 6.32%
Standard Deviation - 0.668 0.891 0.31 0.52 1.20
Tensile Strength MPa 50.28 51.00 50.14 50.98 48.06
Standard Deviation - 0.87 0.25 0.35 0.61 0.54
Elongation at Break % 90.00 53.80 45.60 68.6 92.40
Standard Deviation , 42.08 6.53 5.03 19.19 20.88
Flexural Stréagth MPa 67.54 | 64.47 70.06 68.33 63.40
Standard Deviation - 0.53 0.45 0.30 0.53 1.95
Flexural Modulus . GPa 2.952 2.789 2.940 2.927 2.568
Standard Deviation ) - 0.041 0.054 0.122 0.052 0.151
Heat Distortion Temperature c 51.5 57.0 56.5 54.5 51.0
Static Heat Stability @ 180°C mins 367 269 259 249 - 280
Dynamic Heat Stability mins 62 47 51 45 4
Macklow Smitn Finish - E B/C BIC o B/C
Macklow Smith Pressure kg/em® 254 245 239 231 226
Melt Flow Index g/10 min 9.77 9.98 10.15 10.01 10.78
Standard Deviation - 0.19 0.35 0.37 0.31 0.18

*N.B. Izod, Charpy impact strengths

B dex;ot&s Brittle fracture
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3360/84/1 - K50, TIN

TABLE E
L a b di da db dE I
Virgin 1875 | 0.85 | 7.55 0 0 0 o |
1st Generation Regrind 78.16 | 042 | 7.75 -0.59 0.43 0.20 0.76 l
2nd Generation Regrind | 78.21 | -0.86 | 7.49 -0.54 -0.01 -0.06 | 054
3rd Generation Regrind | 78.42 | 0.77 | 7.61 -0.33 0.08 006 | 034
4th Generation Regrind | 77.20 | 0.68 | 7.47 | -1.55 | 017 | 0.08 | 1.56
Notes:
1st generation regrind: Darker, less green, slightly yellower than Virgin.
2nd generation regrind: Slightly lighter, more green, less yellow than st generation regrind.
3rd generation regrind: Lighter, less green, yellower than 2nd generation regrind.
4th generation regrind: Darker, less green, less yellow than 3rd generation regrind.
3360/84/2 - K57, LEAD
TABLE F
L a b di da db dE
Virgin 91.94 | -1.30 | 0.37 0 0 0 0
1st Generation Regrind 91.48 | -1.32 1.48 0.46 -0.02 1.1 1.20
2nd Generation Regrind | 91.11 | -1.32 | 2.58 0.83 -0.02 221 2.36
3rd Generation Regrind | 91.55 | -1.39 | 2.62 -0.39 -0.09 225 | 2.29
4th Generation Regrind | 91.08 | -1.59 | 3.89 -0.86 0.29 | 3.52 3.64

Notes:

1st generation regrind: Darker, slightly greener, more yellow than virgin.

2nd generation regrind: Darker, same greenness, more yellow than Ist generation regrind.

3rd generation regrind: Lighter, slightly greener, slighily yellower than 2nd generation regrind.

4th generation regrind: Darker, greener, yellower than 3rd generation.
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I Objective

The study aims to assess the economic and technical feasibility to encapsulate the recycled PVC (to
avoid lead leaching) for the following applications:

e Traffic management
e Waterproofing (including roofing)

e Footwear

The current quantity of recycled PVC for these applications is shown in Figure 1.

Figure 1 : Used recycled PVC per application of the VinylPlus® program

100 000
90 000
80 000
70 000
60 000
~ 50000
40 000
30 000
20000 12528

10 000 - 6 000
0 N

Traffic management Roofing and Footwear
waterproofing

88 651

Source: VinyPlus®
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Il. Technical feasibility

VKC (Flemish Plastics Centre) listed the possible solutions to encapsulate recycled PVC for the studied
applications (traffic management, waterproofing and footwear).

e Sandwich injection moulding (virgin PVC)
Generates a product that completely covers the inner-core material
Requires specific injection moulding equipment.
e Shrink-wrap applications:
Shrink-wrap can be made from different plastic materials
Layer thickness is limited, which can have an effect on abrasion resistance
e Dip coating:
Rather thin layers, which could result in low abrasion resistance
Long curing times at elevated temperature (could result in deformation)
Both thermoplastic and thermoset coatings could be evaluated

In case of thermoset layers, the recyclability should be evaluated (not necessarily a
negative influence)

e Lamination
Combination of different materials is possible
Common technology
Only applicable on film
Difficult to recycle in case of multi-material
e Co-extrusion
Combination of different materials is possible
In-line technology
Only applicable on film
Difficult to recycle in case of multi-material
e Over-moulding with PVC with calcium based stabiliser (2K injection moulding)
Heavy machine/tool investment
Fully recyclable
e Over-moulding with TPE materials
Heavy machine/tool investment
Difficult to recycle
e Sleeves made from TPE or PVC
Offline process
Repair is possible if sleeve is damaged

Recycling is possible

February 2018 Page 7 of 24
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e Encapsulation by means of welded injection moulding pieces
Combination of different materials is possible

Recycling can be more difficult if combined with other materials

According to the PVC converters of traffic management applications, an over-moulding with PVC with
calcium based stabiliser seems the most realistic solution from technical and economic viewpoints for
the traffic management applications. Moreover, the combination of recycled PVC with virgin PVC does
not hinder the future PVC recycling, which is beneficial from the environmental viewpoint.

Therefore, for the economic feasibility, we focus on the over-moulding technique with PVC with
calcium based stabiliser for the traffic management applications.

For waterproofing applications, we modelled a 3-layer film made of 2 layers of virgin PVC encapsulating
the recycled PVC layer. The combination of recycled PVC with virgin PVC does not hinder the future
PVC recycling. This is beneficial from the environmental viewpoint.
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IR Economic feasibility

lll.1. Traffic management applications

I11.1.1. CURRENT SITUATION

Based on interviews and visits of traffic management PVC converters, we modelled a generic current
cost per tonne of the heavy base production (Table 1). The heavy bases (Photo 1) are used for fences,
cones... The recycled PVC is used in a similar way for other traffic management applications (e.g. speed
bumps).

Photo 1: Heavy base example (source: Oxford Plastics)

Table 1: Cost of heavy bases production (current situation)

‘ Current situation

€/t %
Input (raw material) -85 34
Labour (worker) -35 14
Labour (employee) -11 4
depreciation 2 0
Energy -70 28
Other costs -25 10
Total costs -247 100

Source: RDC Environment modelling based on interviews and visits of traffic management PVC
converters (modelling approved by traffic management PVC converters)

The input, recycled PVC, is the biggest cost component (34 % of the total cost), followed by the energy
(28 % of the total cost). We assumed that the equipment is not amortized yet.

Heavy bases generally weight 18 kg and are sold around 4.55 € per heavy base (at production site), i.e.
253 €/t. The margin is therefore around 6 €/t.
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I1.1.2. FUTURE SITUATION

The encapsulation of the recycled PVC will lead to a cost increase for:
e Theinput
e The labour (worker)
e The equipment

The potential energy cost increase is also discussed.

Table 2 shows the hypothesis to compute the additional input costs.

Table 2: Input hypothesis

Hypothesis Value  Source

Additional layer (mm) 1 VinylPlus®

Volumetric mass density of the new input,

virgin PVC (kg/m?) 1400 | http://cfppah.free.fr/docs/Table_des_masses_volumiques.pdf

Virgin PVC (€/t) 1000 | VinylPlus®

If TPE were to be used instead of PVC, the price of the input would be significantly higher than 1000 €/t.

To cover the 6 faces and the holes of the heavy base “Oxblock 18kg”? (Figure 2) with a 1-mm layer, 741
cm? of additional input are needed (1.04 kg)

Figure 2: Oxblock 18 kg (source: Oxford Plastics)

Under the previous assumptions, the additional cost of the new input would be 58 €/t for a 1-mm
layer.

We assumed that to maintain the weight of the heavy base, the use of the recycled PVC input would
decrease and the cost of the recycled PVC input would decrease from 85 €/t to 80 €/t for a 1-mm layer.

The worker labour cost will increase due to the operation of an additional manufacturing stage to put
additional layer. The increase is uncertain because it depends heavily on the automatization
possibilities which are unknown at the moment.

As it is currently a 5-stage manufacturing process, the number of stages increase by 20% (from 5 to 6)
and we assume that the labour cost will increase proportionally, i.e. by 20%.

1 Specifications of the product: http://www.oxfordplastics.com/fence-feet-and-bases/oxblock/#1495551740790-ba36fcfd-
8c01
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According the traffic management converters, the best technical solution would be injection moulding.

The machine would have to be developed because there are no existing machines. The designing,
testing and manufacturing process would last several years?.

The additional machines would be 4 times more expensive than the current machines®. By considering
a heavy bases production on a 24hours per day 7 days per week basis and a 10-year amortisation
period, we estimate an additional equipment cost of 84 €/t. This cost is uncertain because the machine
is not yet developed.

The energy cost could increase due to processing of the additional layer. If the total weight increases,
the processing energy will increase proportionally (5.2 kg/18 kg = 29%). If the total weight is kept, the
additional energy cost should be negligible. We assume that the total weight and therefore that there
is no additional energy cost.

1.1.3. RESULTS OF THE EVOLUTION

Figure 3 shows the cost evolution from the current situation to the potential future situation
(encapsulation of the recycled PVC) by assuming that the total weight is constant implying the use of
less recycled PVC and constant energy cost:

e The input cost would increase significantly from 85 €/t to 138 €/t with a 1-mm layer
e The worker labour cost would increase from 35 to 42 €/t

e The equipment costs would surge from 21 to 105 €/t (big uncertainty)

2 Interviews with PVC converters of traffic management applications.

3 Interviews with PVC converters of traffic management applications.
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Figure 3: Estimated cost evolution

Labour Labour
Input (worker) (employee) Equipment Energy Other costs
0
N
220 -11 -11
-25 -25
-40 -35
-42
-60
5 -80 -70 -70
-85
-100
-105
-120
-140
-138
-160

M Current situation M Future situation 1-mm layer

The total costs would raise from 247€/t to 391 €/t (Figure 4), i.e. + 58 % with a 1-mm layer.
This would probably have a big impact.
There are two possible consequences:

e European PVC waste stream going to Asia to be recycled and converted there

e There might also be a shift in the waste treatment of PVC in Europe: incineration would
replace recycling

It is therefore not economically feasible to add a 1-mm virgin PVC layer to encapsulate the recycled
PVC for traffic management applications. Even by only taking the additional input cost into account, it
is not economically feasible in a very competitive international market.

With a constant selling price of 253 €/t (horizontal line on Figure 4), the cost would exceed the revenue
in the case of an additional virgin PVC, the margin would be -138 €/t for a 1-mm layer.
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Figure 4: Total cost

Current situation Future situation 1-mm layer
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-300

-350

-400
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lll.2. Waterproofing applications

Basically, there are two types of waterproofing applications:
e Low value films
e High value films (civil engineering applications)

To encapsulate the recycled PVC, the films have to be made-off 3 layers: one recycled PVC layer
between two virgin PVC layers.

This would lead to additional costs:
e Input material (virgin PVC instead of recycled PVC)
e Equipment

The energy costs may also (slightly) increase but this impact is not quantified in this report because it
is regarded as negligible.

.2.1. INPUT

Table 3 shows the hypotheses to compute the additional input costs.

Table 3: Hypotheses for input materials

Hypothesis ‘ Value Source
Ready-to-be-used recycled flexible PVC from post- -700 VinylPlus®
consumer waste (€/t)

Virgin PVC and additives (€/t) -1250 VinyIPlus®

Total film thickness (mm) 1.5 RDC Environment
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Virgin PVC layer thickness (mm per layer)* 0.4 RDC Environment

1 recycled PVC

Current composition low value films
layer

VinylPlus®

1 recycled PVC

Current composition high value films (1 layer) layer

VinylPlus®

1 virgin PVC

layer
Current composition high value films (2 layers) v VinylPlus®
1 recycled PVC

layer

2 virgin PVC

layers
Future composition (low and high value films) Y VinylPlus®
1 recycled PVC

layer

*The assumption of the thickness of the virgin layer is uncertain because it could not be verified

under the time constraint of this study.

We assume that the total film thickness stays constant and that the thickness of the current virgin layer

of high value film is 0.4 mm.
The input costs would increase due to the encapsulation (Figure 5):
e Low value films and current 1-layer high value films: cost increase of 293 €/t

e Current 2-layer high value films: cost increase of 147 €/t

Figure 5: Cost increase of input materials
Low value films and current Current 2-layerhigh value
1-layerhighvalue films films

47 % recyled, 73 % recycled, 47 % recyled,
100 % recycled 53 % virgin 27 % virgin 53 % virgin

0
-200
-400
-600
-800 -700
-1 000 -847

-993 -993

€/t

-1200

.2.2. EQUIPMENT

According to VKC, the following new equipment would be needed to produce a 3-layer film:

e 3 extruders
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e Multi-layer manifold co-extrusion die

Table 4 shows the hypotheses to compute the equipment cost.

Table 4: Hypotheses for Equipment

Hypotheses

Extruder (€/unit)

Value

[400 000; 500 000]

Source

Rough estimation VKC

Multi-layer manifold co-extrusion die (€)

[400 000; 600 000]

Rough estimation VKC

Amortisation period (years)

10

RDC Environment

Articles produced (1500 t film with recyclates,
1500 new articles)

3000

VinylPlus®

By taking the average value for the equipment cost, we obtain a total investment cost of 62 €/t:

e 45 €/t* for the 3 extruders

e 17 €/t for the multi-layer manifold co-extrusion die

I.2.3.  RESULTS

The total additional cost to encapsulate the recycled PVC is:

e 355 €/t for low value and current 1-layer high value films

e 208 €/t for current 2-layer high value films

Note that the assumption of the thickness of the virgin layer (which is the principal additional costs) is
uncertain because it could not be verified under the time constraint of this study.

The additional costs to use 100% virgin PVC without the new equipment investment would be:

e 550 €/t for low value and current 1-layer high value films

e 403 €/t for current 2-layer high value films

Using recycled PVC with a 3-layer process would probably still be the less expensive than using 100 %

virgin PVC.

According to VinylPlus®, the selling price and margins are:

e 1400 €/t for low value films with a 2.5 % margin

e 2500 €/t for high value films with a 10 % margin

The additional costs:

4(3* 450 000)/3000/10
5500 000/3000/10

February 2018
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e outweigh the margin for the low value films (355 €/t > 35 €/t)
e outweigh the margin for the current 1-layer high value films (355 €/t > 250 €/t)
e jeopardize the margin of the current 2-layer high value films, i.e. the additional costs (208
€/1t) are slightly below the margin (250 €/t)
To maintain the margin percentage, the selling price would have to increase by:
e 26 % for low value films
e 16 % for current 1-layer high value films

e 9% for current 2-layer high value films

The economic impact would probably be, besides the increase of virgin PVC production:

e Either a cost increase for the consumer buying PVC films and therefore less economic
activity in other sectors, i.e. because it reduces the amount of money that could be spend
in other sectors

e Orsubstitution through another product and an activity shutdown for some companies that
were using recycled PVC to produce films
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V. Competition

The traffic management application market is very competitive due to Asian companies. Asian
companies face lower cost to recycle cables principally to get the copper but also to recycle the PVC
due to lower labour cost and less regulatory constraints.

At the moment, European companies can afford competing with the Asian ones for the following

reasons:
e Cable waste stream arising in Europe
e Lower delivery time (stock management and lower transport distance)
e Personalisation of the applications (print the name of the customer on the application).
The price premium for this possibility is estimated at 0.23 € per heavy base (12 €/t)°.

A recycled PVC encapsulation would worsen the competitiveness of the European companies and
probably lead to a significant decrease, or even the collapse, of this activity of the European companies.

6 Interviews with PVC converters of traffic management applications.
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V. Employment

Employment in Europe is analysed for PVC treatment:
e Recycling PVC waste and converting recyclates in EU
e Recycling PVC waste and converting recyclates in Asia
e Incineration and landfill of PVC waste and production of virgin PVC in EU

From the number of FTE” needed by these activities, we evaluate the FTE job creation/preservation
called net job creation/preservation. The net job creation/preservation is different from the
employment because of job substitutions (e.g. a recycling plant manager could manage a landfill plant).

The current study assumes that 100% of the jobs are for non-qualified people (upper secondary
education diploma® or lower).

The monetisation factors of a FTE job creation are (see Annex VIII.1) (Figure 6):
e Income tax, social security and non-wage labour cost increase: 25 020 €/year
e Social cohesion increase: 13 348 €/year

This total value (38 368 €) is similar to the range provided by the European Commission’s method® :
between 32 000 € and 39 600 €/year per FTE job creation without social cohesion.

Figure 6 : Social benefit of a FTE job creation social based on a wage expense of 40 000 € per year
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Table 5 shows the assumptions to compute the job creation of the PVC waste treatment routes.

7 Full time equivalent.
8 |SCED 2011 levels of education.

9 European Commission, (2014). Guide to Cost-Benefit analysis of Investment Projects.
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Table 5: Job creation assumptions

Assumptions Unit Value ‘ Source ‘
Separate PVC collection on RDC Environment (2013). SERVICE PUBLIC DE
P . . . FTE/kt 4.86 WALLONIE - Evaluation de la politique régionale
municipal environmental stations . N
relative aux parcs a conteneurs.
Mixed plastic collection on RDC Environment (2013). SERVICE PUBLIC DE
; _p ) . FTE/kt 1.24 WALLONIE - Evaluation de la politique régionale
municipal environmental stations . N
relative aux parcs a conteneurs.
Flexible PVC recycling FTE/kt 2.20 PVC recyclers interviews
Converting recyclates FTE/kt 0.87 PVC converters interviews
Proclslullcmg virgin PVC and FTE/kt 1.00 Institute of Materials, Minerals and Mining
additives
- - - 5 = -
Uvelia (incinerator) tonnes 370 000 :ttp.//www.uveha.be/mdex.php.page introductio
Uvelia (incinerator) FTE 71.7 BNB, social report 2015

Table 6 shows the job creation of PVC waste treatment routes in full time equivalent (FTE) per kt. The
job creation of incineration and landfilling is similar and we assume it is equal. In the case of
incineration or landfill, we considered that the recycled PVC has to be replaced by virgin PVC. Waste
collection (especially separate waste collection for recycling) and recycling is labour intensive.

For 1 kt of PVC waste and production of virgin PVC in case of incineration and landfill:

e Recycling in EU leads to 8.81 FTE/kt in EU, i.e. 913 FTE/year for the studied application

e Recycling in Asia leads to 5.33 FTE/kt in EU, i.e. 552 FTE/year for the studied application

e Incineration and landfilling lead to 2.55 FTE/kt in EU, i.e. 264 FTE/year for the studied

application

Table 6: Job creation/preservation in the EU of the PVC waste treatment routes

Recycling Recycling Incinera_tiqn
in EU in Asia or landfill in
EU
FTE/kt FTE/kt FTE/kt
Collection 4.86 4.86 1.24
Transport 0.44 0.44 0.09
Transboundary admin 0.03 0.03
Recycling 2.2
Transport 0.44
Converting reyclates 0.87
Production of virgin PVC and additives 1.00
Incineration or landfill 0.19
Total 8.81 5.33 2.55
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Figure 7 shows the monetized job creation benefits of the PVC waste treatment routes in euro per year
for the 3 applications (traffic management, waterproofing and footwear). An encapsulation of the
recycled PVC would lead to a job creation benefit decrease due to:

e It may be economic unfeasible to recycle PVC from cables in EU (see 111.1.3)

e The EU companies will be less competitive compared to the Asian companies (see IV).

Figure 7: Job creation/preservation in EU in € per year of the PVC waste treatment routes for traffic
management, waterproofing and footwear applications
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VI.  Recyclability

To carry on VinylPlus® commitment to recycle PVC, the encapsulation method should be recycling
friendly so that recycling is technically and economically feasible. This implies in practice with the
current techniques:

e Either a mono-material product or a sleeve that can removed mechanically

A virgin PVC layer above the recycled PVC would not stop the recyclability of the
product
A sleeve of TPE that could be removed mechanically at a low cost could also maintain
the recycling possibilities
e Use of fillers and additives that does not hinder recycling (i.e. change the volumetric mass
density and therefore diminish the mechanical sorting efficiency)
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VIl. Conclusions

Conclusion 1

There are several (9) potential technical solutions to add a protective layer to traffic management
equipment made of recycled PVC. Due to time constraints, only one technique has been investigated,
i.e. injection moulding, as it is regarded a priori by PVC converters as the most adequate solution.
Therefore, the validity of the results and conclusion is limited by:

e This severe selection among the potential techniques
e The necessary assumptions to model a non-existing process

e (to a much lesser extent) the selection of the traffic management application (by far the
main one).

More reliable assessment of the technical, industrial and economic feasibility would request to:

e Make a less severe selection of the techniques to be assessed, based on a deeper
preliminary analysis

e Cooperate with equipment builders
e Run tests on a laboratory scale
e Run tests on a pilot / industrial scale

e Assess the economic feasibility of the potential industrial processes

Conclusion 2

Adding a 1-mm virgin PVC layer to encapsulate the recycled PVC for traffic management applications
generates a cost increase from 247 €/t to 391 €/t for a 1-mm layer.

This huge increase (+ 58 %) is not economically affordable for European producers as there is a strong
international competition in this market. This activity is thus expected to collapse in case of mandatory
encapsulation of recycled PVC.

The total additional cost to encapsulate the recycled PVCis:
e 355 €/t for low value and current 1-layer high value films
e 208 €/t for current 2-layer high value films

Note that the assumption of the thickness of the virgin layer (which is the principal additional costs) is
uncertain because it could not be verified under the time constraint of this study.

For these applications, the economic impact would probably be:
e Anincrease of virgin PVC production and

e Either a cost increase for the consumer buying PVC films and therefore less economic
activity in other sectors, i.e. because it reduces the amount of money that could be spend
in other sectors
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e Orsubstitution through another product and an activity shutdown for some companies that
were using recycled PVC to produce films

Conclusion 3

An encapsulation of the recycled PVC would probably lead to many job losses (between 361 and 649
FTE/year) due to this activity collapsing in Europe.

Conclusion 4

For the environment, it is better to recycle PVC waste than to incinerate or landfill it. If the use of PVC
cable recyclates by the converters is not feasible from an economic viewpoint, PVC would most
probably be incinerated.

PVC incineration generates significant environmental impacts that are avoided through recycling:
generation of HCI neutralization residues, the toxicity of emission of particles and gases such as NOx
and SO2, even if such emissions are strictly controlled by the European legislation (Directive
2000/76/EC).

Additionally, the recycling has a big positive impact due to the avoided production of virgin PVC and
additives.
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VIIl. Appendix

VIIl.1. Monetisation of job creation

The welfare from job creation is monetised through the revealed preferences method.
Job creation brings welfare to the workers and society.

We based the monetised value of the creation of one job on the following assumptions:

e Ajob creation leads to additional state revenues through taxes (e.g. income tax, non-wage
labour costs...)

e Public authorities’ decision makers take the social and societal benefits into account when
they give incentives to job creation. Therefore, to value job creation, we have to consider
the maximum subsidy allocated to job creation for one year.

The job creation subsidy can be implicit. The maximum subsidy can be different from the value of a job
creation for two reasons:

e Windfall effect: the subsidy will be used even if the job would be created without the
subsidy. Thus, the value of the job creation is bigger than the maximum subsidy per person

e Return effect: a job creation leads to additional revenues for the State (e.g. income tax,
non-wage labour costs...). For some subsidies, these additional revenues are considered
when designing the job creation subsidy. Thus, the value of the job creation is lower than
the subsidy.

The value per year of a job creation can be correctly estimated with a job creation subsidy for which
the windfall and return effects are very small.

The value of 13 348 € per job creation per year is currently used. The value is based on a subsidy from
the Walloon Region for an internship in a skill development company for which the windfall and return
effects are considered as very low. This value is similar for other OECD countries after a correction
based on the living standards (estimated by the GDP).

The windfall effect is supposed very low because people that get this subsidy struggle to find a job and
would probably not have found a job without this subsidy. The return effect is supposed very low too
because the Walloon Region is only partially concerned: indeed, the benefit of job creation concerns
principally the Federal State and indirectly the Regions (benefiting from the valued added tax
revenues). The return for the Walloon Region is limited because its population represent about 30 %
of the Belgian population.
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Input to the public consultation on SEAC draft opinion on the proposed
restriction on lead compounds in PVC articles

20 February 2018

VinylPlus is the voluntary sustainable development programme of the European PVC industry. It aims at creating a
long-term sustainability framework for the entire PVC value chain. The regional scope of our 10-year programme is
the EU-28 plus Norway and Switzerland.

Plastics Recyclers Europe (PRE) is the professional representative body of plastics recyclers in Europe. PRE promotes
plastics mechanical recycling and conditions that enable profitable and sustainable business, while offering a service
platform to its members. Our members constitute 80% of the European recycling capacity, processing more than 3
million tonnes of collected plastics per year

The European Plastics Converters (EuPC) is the leading EU-level Trade Association, based in Brussels, representing
European Plastics Converters. EuPC now totals about 51 European Plastics Converting national and European industry
associations, it represents close to 50,000 companies, producing over 45 million tonnes of plastic products every year.
The European plastics industry makes a significant contribution to the welfare in Europe by enabling innovation,
creating quality of life to citizens and facilitating resource efficiency and climate protection. More than 1.6 million
people are working in about 50,000 companies (mainly small and medium sized companies in the converting sector)
to create a turnover in excess of 220 billion € per year.

General Comments

1) Impacts and benefits of recycling

We accept that the leaching of articles containing Pb should be taken into account over the whole life
time of the article. Although the leaching of Pb from waterproofing is in this case of the same order to
magnitude as the lowest releases rates of Pb resulting from the incineration of the same material, the
release from this application over 20 years is only 1.37 T compared to 27800 tonnes emitted each year
from other sources. Including traffic management and professional footwear is not relevant, because
leaching from traffic management is at least 20 times lower than from waterproofing films. Emission
from boots for professionals are expected to be even lower, because abrasion is only from the sole but
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not from the whole article (see Annex 1 : Comparison emission factors incineration and selected PVC
recycled applications applications).

Additionally, it is important to keep in mind that the Pb content in soft PVC articles tends to decrease over
time, reflecting the progressive substitution of lead stabilisers in new articles over the past years. The
leaching calculations are based on a Pb content of 0,5% in soft PVC recyclate, whilst the last measurements
from 2016 and 2017 show an average of 0,3 to 0,35%, 0,52% being the maximum observed.

As developed further under the answer to specific questions, the requirement that roofing and
waterproofing, road furniture, traffic management systems and professional footwear provided the
recycled PVC is entirely enclosed with a layer of virgin PVC equates, if applied in the foreseen transition
period of only 2 years after adoption, to a ban of those applications.

Tonnage impacted by proposed restriction of SEAC :
The tonnage of applications that would be restricted is 127 kT.
Cost efficiency of the restriction :

The cost per kg lead emission avoided for PVC applications is several orders of magnitude higher than
for the previous restrictions. On a pure weight basis, it is therefore significantly less cost-efficient to
avoid lead emission by restricting PVC recycling than for the previous restricted applications. . Please
refer to the revised cost-efficiency analysis included in RDC cost-benefit analysis (Annex 2) attached
in Section IV

Cost benefit analysis

When applying the cost-benefit previously run to the restriction scope as proposed by SEAC, the following
can be concluded. In summary, Recycling PVC waste is better for society than incineration or landfilling.
For the analyzed recycled PVC applications (Traffic management, waterproofing (including roofing), mats
for stables, greenhouses, 3-layer hoses, noise insulations sheets, footwear and boots for professionals
and rigid monolayer pipes), the societal benefit of recycling ranges between 241 million € per year (1 788
€/t) and 328 million € per year (2 437 €/t) depending on which disposal route is considered for this
particular analysis. Please refer to the revised cost-benefit analysis (Annex2) attached in Section IV.

2) Considerations on a few specific applications

In view of the “positive list” approach of the derogation proposed by ECHA, we would like to mention
other applications that would also fall in the category “others soft” reported in our estimates of the uses
of recyclate in soft PVC applications: soft PVC profiles (used either as gaskets for rigid profiles (usually
inside the profile) or as shock absorbers as well as industrial coils.

Regarding decks and terraces, we wish to stress that we do not see any reason to require a layer of virgin
PVC. The exposure scenario and target group are not clear. If skin contact is considered, as decking are
hard surfaces often with an anti-slip pattern, people are unlikely to sun bath without a towel and certainly
only in dry weather, implying low migration. It can be seen from our numbers that the potential for
exposure to rigid PVC is extremely low. The same remark applies to monolayer pipes, for which extensive
migration calculations were included in the documents provided in September 2017.
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3) Number of times PVC can be recycled

A question was raised after the RAC meeting, regarding how many times PVC can be recycled. We are
uploading 2 scientific articles in the non-confidential section. They refer to the same test: the regrind has
gone through 10 thermal cycles without noticeable effect on performance or need to add additives. More
specifically the cycles were: 1) compounding 2) injection followed by regrind 3) re-compounding 4)
injection followed by regrind 5) re-compounding 6) injection followed by regrind 7) re-compounding 8)
injection flowed by regrind 9) re-compounding 10) injection. The re-compounding step may not always
be necessary; re-grinded material may be directly extruded. The reported experiments show however
that PVC can withstand 10 thermal cycles.

This means that for a pipe with a lifetime of 100 years the encapsulation of Pb material can be extended
without emission during 800 years.

References:

- Leadbitter J, Bradley J. Closed loop recycling opportunities for PVC. Current Trends in PVC Technology
Conference. Institute of Polymer Technology and Materials Engineering, Loughborough University; 3—4
November 1997.

- PVC and sustainability in Prog. Polym.sci 27 (2002), p. 2197-2226 (see p. 2216).

Another R&D report confirming that, provided process conditions are adequately controlled, up to 10
extrusions of used PVC material may be performed without loss of performance of the end article. Further
information is provided in the confidential information section.
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Specific information requests

1.

A derogation is proposed for several article types containing soft (flexible) PVC recyclate for a period of
15 years from entry into force of the proposed restriction. However, as some of these article types have a
higher potential for leaching lead into the environment during their service life than rigid PVC, the
derogation for certain articles is conditional on the recycled PVC being entirely enclosed, i.e.
encapsulated by a layer of virgin PVC. The applications requiring encapsulation of soft PVC recyclate are:
roofing, waterproofing, traffic management and professional footwear.

SEAC is seeking information on the technical and economic feasibility of this derogation:

a. Is it technically feasible to encapsulate the recyclate contained in the above articles with virgin PVC? If
so, what are the techniques that could be used?

b. What would be the additional cost to industry to produce these encapsulated articles? What would
these costs be composed of?

Please quantify your reply.

c. If it is not technically and economically feasible to produce encapsulated soft PVC articles, what would
happen to the soft PVC waste that is currently recycled? Could it be e.g. diverted to produce the non-
encapsulated articles foreseen in the derogation (e.g. mats for stables and greenhouses, noise insulation
panels or three-layer hoses), or would it be disposed of or exported?

d. Applications of soft PVC recyclate in mats for soil stabilisation and in mats used in industrial settings
were not included, as it was not clear if these uses have a high potential for leaching during their service
life, if not encapsulated (see above). If relevant,please answer questions a) to c) also for these
applications.

Answers :

a & b. For calendering (probably only 7-8 kt), multilayer products exist with virgin PVC, but, as far as we
are aware, the technology is not today applied to applications including recyclate. To be able to apply this
with product containing recyclate, converters would have to install the appropriate equipment (this
means additional extruders, adaptations to calenders, maybe total redesign of a plant), and the quality of
recyclate must also be sufficient to allow this type of processing. Moreover, one also has to take into
account the increased cost of raw material, depending on the virgin layer thickness, taking into account
that those films are usually around 2 mm thick. This would result in substitution most probably by imports
for lower value films as this is a highly competitive market and reverting back to virgin PVC for higher
value products as the extra investment cost makes it less interesting to source recyclate.
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Most of the remaining products (traffic management, roofing tiles, boots for professionals) are made by
compression or injection moulding; the technical feasibility to encapsulate the recyclate within layers of
virgin PVC is unknown, and most probably prohibitively expensive. The technology is not readily available
and hence would entail development costs. Such an encapsulation requirement would actually be
equivalent to negate the 1 % derogation, as the manufacturers are highly unlikely to invest in
developing suitable technologies and modifying their equipment accordingly. They would therefore stop
using recycled material, which will severely impact their profitability and will result in the disappearance
of a significant market for recyclers. We estimate that more than 1,000 jobs are at stake in the EU.

Please refer to the annex 5 for an initial technology screening and an evaluation of types of cost involved.
Regarding this screening, please note that the suggestion of RAC to enclose recycled material in a virgin
layer has only been made last December. Within the short 2 months’ timeframe it has not been possible
to devise an appropriate R&D plan and to actually test technological alternatives. New technical
developments, if possible at all, will take years to test and assess. What becomes clear from our
preliminary assessment however is that the enclosing requirement, if any, should not specify
encapsulation in a soft PVC virgin layer but rather specify the need for a cover layer; this would allow
extending the range of alternative cover materials (from industrial (and hence lead-free) PVC waste to
other polymers and coatings) and of technologies to be used.

c. The market for the suggested alternative applications of soft PVC is far too small to absorb the amount
of recyclate used in traffic management and waterproofing. The most likely is that this soft waste PVC
would be disposed of.

d. The same considerations as developed above apply to mats in industrial settings and soil stabilization.
The main technology used is compression or injection molding. The technology is not readily available for
multilayer products and the cost would be prohibitive. Within the timeframe for the public consultation
we could not establish the absorption capacity of markets for exports, but those are niche products, and
hence that potential market uptake outside of Europe cannot be expected to compensate the loss of EU
market in the short timeframe foreseen for the restriction.

Please refer to the memo in Annex 5“Stabilisers in PVC: economic and technical feasibility to
encapsulate recycled PVC)” in section IV.

2: A derogation is proposed for the use of lead compounds as pigments. The following two substances
are currently used as pigments in PVC:

e Lead sulfochromate yellow
¢ Lead chromate molybdate red

a. Are there other lead-containing substances used as pigments in PVC articles, in particular in imported
articles? If so, do you have information about their composition?

b. What are the costs for analytical testing needed to identify the presence of lead pigments in PVC
articles?

NOT ANSWERED.
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3: For virgin PVC, a lower limit of 0.01% (instead of 0.1%) was suggested in the Public Consultation on the
Annex XV restriction report.

a. Would a limit of 0.01% be more difficult to achieve than 0.1% from a technical point of view?

b. Would a limit of 0.01% be more difficult to enforce?

ANSWERS:

A lower limit would be more difficult to achieve for converters producing articles, either containing
recyclate, or only virgin PVC, depending on recyclate availability, and using the same equipment in both
cases. The cleaning would become lengthier, increasing the time during which the equipment is out of
production. Furthermore, 0.1% Pb content in a virgin PVC article is a level already far below the level
required for stabilisation: hence, lowering it to 0.01% would merely create more analytical complexity,
without any practical higher protection.

SECTION IV. Non-confidential attachment

Annex 1 : Annex 1_comparison emission rates Pb incineration vs recycling selected PVC applications
Annex 2 : Updated CBA by RDC, non-confidential evidence about repeated recycling

Annex3 : PVC and Sustainability_2002

Annex4 : Leadbitter et al 1997_closed loop recycling

Annex 5 : RDC memo “Stabilisers in PVC: economic and technical feasibility to encapsulate recycled
PVC)”
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