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General comments and answers to specific information requests

Specific information requests:

1. Sectors and (sub-)uses: Please specify the sectors and (sub-)uses to which your comment applies according to the sectors and (sub-)uses identified in the Annex XV restriction report (Table 9). If your comment applies to several sectors and (sub-)uses, please make sure to specify all of them.

2. Emissions in the end-of-life phase: The environmental impact assessment does not cover emissions resulting from the end-of-life phase. To get a better understanding of the extent of the resulting underestimation, (sub-)use-specific information is requested on emissions across the different stages of the lifecycle of products, i.e. the manufacture phase, the use phase and the end-of-life phase. Please provide justifications for the representativeness of the provided information. In particular:
a. Please provide, at the (sub-)use level, an indication of the share of emissions (as percentages) attributable to these three different stages. An indication of annual emission volumes in the end-of-life phase at sector or sub-sector level would also be appreciated.
b. If possible, please provide for each (sub-)use what share of the waste (as percentages) is treated through incineration, landfilling and recycling. Please provide information to justify the estimates as well as information on the form of recycling referred to.

3. Emissions in the end-of-life phase: With respect to waste management options, additional information is requested on the effectiveness of incineration under normal operational conditions (for different waste types, e.g. hazardous, municipal) with respect to the destruction of PFAS and the prevention of PFAS emissions.

4. Impacts on the recycling industry: To get an understanding of the impacts of the proposed restriction on the recycling industry, information is requested on:
a. The impacts that the concentration limits proposed in paragraph 2 of the proposed restriction entry text (see table starting on page 4 of the summary of the Annex XV restriction report) have on the technical and economic feasibility of recycling processes (together with a clear indication on the waste streams to which the described impacts relate).
b. The measures that recyclers would need to take to achieve the proposed concentration limits.
c. The costs associated with these measures.

5. Proposed derogations – Tonnage and emissions: Paragraphs 5 and 6 of the proposed restriction entry text (see table starting on page 4 of the summary of the Annex XV restriction report) include several proposed derogations. For these proposed derogations, information is requested on the tonnage of PFAS used per year and the resulting emissions to the environment for the relevant use. Please provide justifications for the representativeness of the provided information.

6. Missing uses – Analysis of alternatives and socio-economic analysis: Several PFAS uses have not been covered in detail in the Annex XV restriction report (see uses highlighted in blue and orange in Table A.1 of Annex A of the Annex XV restriction report). In addition, some relevant uses may not have been identified yet. For such uses, specific information is requested on alternatives and socio-economic impacts, covering the following elements:
a. The annual tonnage and emissions (at sub-sector level) and type of PFAS associated with the relevant use.
b. The key functionalities provided by PFAS for the relevant use.
c. The number of companies in the sector estimated to be affected by the restriction.
d. The availability, technical and economic feasibility, hazards and risks of alternatives for the relevant use, including information on the extent (in terms of market shares) to which alternative-based products are already offered on the EU market and whether any shortages in the supply of relevant alternatives are expected.
e. For cases in which alternatives are not yet available, information on the status of R&D processes for finding suitable alternatives, including the extent of R&D initiatives in terms of time and/or financial investments, the likelihood of successful completion, the time expected to be required for substitution (including any relevant certification or regulatory approvals) and the major challenges encountered with alternatives which were considered but subsequently disregarded.
f. For cases in which substitution is technically and economically feasible but more time is required to substitute:
i. the type and magnitude of costs (at company level and, if available, at sector level) associated with substitution (e.g. costs for new equipment or changes in operating costs);
ii. the time required for completing the substitution process (including any relevant certification or regulatory approvals);
iii. information on possible differences in functionality and the consequences for downstream users and consumers (e.g. estimations of expected early replacement needs or expected additional energy consumption);
iv. information on the benefits for alternative providers.
g. For cases in which substitution is not technically or economically feasible, information on what the socio-economic impacts would be for companies, consumers, and other affected actors. If available, please provide the annual value of EU sales and profits of the relevant sector, and employment numbers for the sector.

7. Potential derogations marked for reconsideration – Analysis of alternatives and socio-economic analysis: Paragraphs 5 and 6 of the proposed restriction entry text (see table starting on page 4 of the summary of the Annex XV restriction report) include several potential derogations for reconsideration after the consultation (in [square brackets]). These are uses of PFAS where the evidence underlying the assessment of the substitution potential was weak. The substitution potential is determined on the basis of i) whether technically and economically feasible alternatives have already been identified or alternative-based products are available on the market at the assumed entry into force of the proposed restriction, ii) whether known alternatives can be implemented before the transition period ends (taking into account time requirements for substitution and certification or regulatory approval), and iii) whether known alternatives are available in sufficient quantities on the market at the assumed entry into force to allow affected companies to substitute.

A summary of the available evidence as well as the key aspects based on which a derogation is potentially warranted are presented in Table 8 in the Annex XV restriction report, with further details being provided in the respective sections in Annex E.

To strengthen the justifications for a derogation for these uses, additional specific information is requested on alternatives and socio-economic impacts covering the elements described in points a) to g) in question 6 above.

8. Other identified uses – Analysis of alternatives and socio-economic analysis: Table 8 in the Annex XV restriction report provides a summary of the identified sectors and (sub-)uses of PFAS, their alternatives and the costs expected from a ban of PFAS. More details on the available evidence are provided in the respective sections in Annex E.

For many of the (sub-)uses, the information on alternatives and socio-economic impacts was generic and mainly qualitative. In particular, evidence on alternatives was inconclusive for some applications falling under the following (sub-)uses: technical textiles, electronics, the energy sector, PTFE thread sealing tape, non-polymeric PFAS processing aids for production of acrylic foam tape, window film manufacturing, and lubricants not used under harsh conditions.

More information is needed on alternatives and socio-economic impacts to conclude on substitution potential, proportionality, and the need for specific time-limited derogations. Therefore, specific information (if not already included in the Annex XV restriction report or covered in the questions above) is requested on alternatives and socio-economic impacts covering the elements listed in points a) to g) in question 6 above.

9. Degradation potential of specific PFAS sub-groups: A few specific PFAS sub-groups are excluded from the scope of the restriction proposal because of a combination of key structural elements for which it can be expected that they will ultimately mineralize in the environment. RAC would appreciate to receive any further information that may be available regarding the potential degradation pathways, kinetics or produced metabolites in relevant environmental conditions and compartments for trifluoromethoxy, trifluoromethylamino- and difluoromethanedioxy-derivatives.

10. Analytical methods: Annex E of the Annex XV restriction report contains an assessment of the availability of analytical methods for PFAS. Analytical methods are rapidly evolving. Please provide any new or additional information on new developments in analytics not yet considered in the Annex XV restriction report.




















	5971
	Date:
2023/06/29  17:48
Type:
BehalfOfAnOrganisation
Org. type:
National NGO
Org. name:
Svenska naturskyddsföreningen
Org. country:
Sweden
Privacy statement:
-
	General Comments:
Time to prohibit PFAS!
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Type:
Individual
Country:
Sweden
	General Comments:
Jag tycker att begränsningsförslaget är bra som det är och hoppas att det inte kommer urvattnas. För mig är det extremt viktigt att vi stoppar långlivade kemikalier, och inte alls lika viktigt att produkterna som tillverkas är lite bättre. Om PFAS slutar användas är det en vinst även om regnjackan blir lite mindre vattentät eller mobilen lite större.
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Request for exemption

Type:
BehalfOfAnOrganisation
Org. type:
Company
Org. name:
General Gas S.r.l.
Org. country:
Italy
	General Comments:
-

	
	
	Answer to specific info request 1:
Applications of fluorinated gases: Refrigeration, Air conditioning, Heat Pump

	
	
	Answer to specific info request 2:
Applications of fluorinated gases in the use phase:  Refrigeration: the application of refrigeration can be organized in the following sections: 1 - Plug-in commercial refrigeration systems > The emission of fluorinated refrigerant is under 0,5% of the charge per year during the life of appliances.  2 - Non Plug-in commercial refrigeration systems > The emission of fluorinated refrigerant is drastically decreasing year per year because of the controls requested by F-Gas Regulation. In 2022 we can estimate the medium emission equal to 8% of the charge per year , decreasing at least 1% every 2 years. 3 - Non Plug-in industrial refrigeration systems > The emission of fluorinated refrigerant is drastically decreasing year per year because of the controls requested by F-Gas Regulation. In 2022 we can estimate the medium emission equal to 4% of the charge per year , decreasing at least 1% every 3 years.  Air Conditioning & Heat Pump ( AC & HP ) in the use phase: 1 - Plug-in AC&HP systems > The emission of fluorinated refrigerant is under 0,5% of the charge per year during the life of appliances.  2 - Non Plug-in AC&HP systems > The emission of fluorinated refrigerant is drastically decreasing year per year because of the controls requested by F-Gas Regulation. In 2022 we can estimate the medium emission equal to 4% of the charge per year , decreasing at least 1% every 2 years.  Both Refrigeration Systems and Air Conditioning / Heat Pump are wasted as appliances in RAE center, recovering the refrigerant contained in the appliances. In this end of life phase a good estimation of the medium recovery ratio can be 90% of the refrigerant contained in the systems. All the RAE center are working to improve the efficiency of the recover process increasing the recovery ratio.  If the system is not easily transported in RAE center, they are evacuated by contractor using recovery machine and vacuum pump used in the field. In this case 98% of the refrigerant is recovered and recycled using some portable recycling machine ( 80% ) or sent to reclaim center made of company authorized for the reclaiming of the refrigerant ( 20% ). All these value are well estimated inside our industrial association exchanging information also with the Italian association of contractors.

	
	
	Answer to specific info request 4:
I have information on the hypothesis that it will be necessary to reclaim the recovered refrigerant discharged from systems that must be wasted. To reclaim the recovered refrigerant from the system at end of life of them or under the necessity to waste the same system, it is necessary to have the availability of the contractors in wasting the system and recover the refrigerant + the availability of the reclaiming facility or incineration site + the availability of the contractors to install the new systems not using fluorinated refrigerant ( CO2 and R290 in refrigeration equipment + R290 in air conditioning and heat pump ). We remember that the R290 systems require qualified contractors that are able to install and maintenance the system. The number of contractors that have this know how is actually less than 1% of the total number. Discussing with the association of the contractors, they affirm that it is necessary to have the time to certify a sufficient number of contractors to avoid to use refrigeration and air conditioning systems that can cause very dangerous incident with the risk of hundred of death. So al we know that the capacity of reclaiming or the capacity of incineration of the recovered refrigerant could be increased in 3/5 years, but the whole process that require the wasting of the refrigeration and air conditioning systems require at least 15/20 years to be completed guaranteeing a safe use of the R290 equipment or systems. A different consideration must be done to waste the refrigeration system working with fluorinated refrigerant with CO2 system. The critical issue is the energy efficiency of the refrigeration equipment working with CO2; it is much lower if compared vs the energy efficiency of systems working with HFO refrigerant ( -25%/-35% ) generating and increase of the electricity used by the systems working with CO2 ( +25% / +35% if compared vs the systems working with fluorinated refrigerants ). The operating cost of the CO2 system are much more higher that the operating cost of the equipment working with HFO. Also the CO2 emitted in atmosphere is 25%/35/ more compared with the technology using HFO ); so the adoption of the CO2 technology will produce much more CO2 emitted in the atmosfere. Also in this case it is necessary time for the industries to find the way to increase the energy efficiency of CO2 refrigeration system with acceptable cost. we think that 15/20 years could give the possibility to the industries to find the right solutions to guarantee good energy efficiency.

	
	
	Answer to specific info request 5:
There are 2 main application of fluorinated refrigerant that should be derogated:  A - All the time the flammability and explosively of R290 ( or other hydrocarbon ) produce a risk that is too high to be managed. For example: A.1 - Air Conditioning systems in school, hospital, public space, houses, public transportation, exhibition centers where the charge of R290 or hydrocarbon is more than 1 kg > A charge equal to 1 kg has an explosion capacity that can generate many death > This application use in Italy roughly 1'000 ton of refrigerant; in many cases the refrigerant used could be R1234ze or blend of it that do not have PBT characteristics as the other substances  and that are not flammable ( NOT explosive ) or as happen for R1234ze has very low flammability with NO risk of explosion. A2 -Refrigeration systems in supermarket, cold rooms and production equipment where the charge of R290 or hydrocarbon is more than 1 kg > A charge equal to 1 kg has an explosion capacity that can generate many death > This application use in Italy roughly 800 ton of refrigerant; in many cases the refrigerant used could be  blends of R1234ze and R32 ; R32 is not PFAS substance; R1234ze do not have PBT characteristics as the other substances. Both are A2L with very low flammability with NO risk of explosion. There are also some blends of R1234ze that are NOT flammable and not explosive. For the same application using these products it could be possible to avoid the use of CO2 systems avoiding the increase of +25%/+35% of electricity used and of CO2 emitted in the atmosfere.



	5974
	Date:
2023/06/29  20:30
Content:
Information on alternatives
Transitional period
Request for exemption

Type:
BehalfOfAnOrganisation
Org. type:
Company
Org. name:
Gottlob Dietz GmbH
Org. country:
Germany
	General Comments:
The PFAS regulation covers about 10.000 substances. Only approximately 50 substances of these are Fluoropolymers and Fluoroelastomers.
Fluoropolymers and Fluoroelastomers can be classified as PFAS based on their molecular structure. However, their toxicological and eco-toxicological profile is essentially different from the majority of PFAS substances.
Fluoropolymers and Fluoroelastomers are recognised by the OECD as safe materials: "PLC" = polymer of low concern. They are non-toxic, non-bioavailable, non-water soluble and non-mobile molecules and are judged to have no significant impact on the environment and humans. They do not generate microplastics. For further details see studies of: pro-K Industrieverband Halbzeuge und Konsumprodukte aus Kunststoff e.V. Mainzer Landstraße 55 60329 Frankfurt am Main or The European Chemical Industry Council, AISBL Belliard, 40 - 1040 Brussels – Belgium

We produce products – mainly diaphragms - made of Fluoropolymers (mainly PTFE but PFA and ECTFE as well) and Fluoroelastomers (FKM and FFKM). These products are used in the production process of pharmaceuticals (including vaccines), semiconductors, photovoltaic cells, food and beverages, chemicals, in the water processing and many other industrial applications. In many of these applications the products have to meet the requirements of the FDA, the USP class IV, drinking water requirements and others. There are toxicological tests performed as well as leachability tests for these standards. There does not exist a viable alternative to these materials in these applications. Fluoropolymers and Fluoroelastomers are very expensive and therefore they are already without any ban only used, if no other alternatives are available.

For our products the essential properties of the used Fluoropolymers and Fluoroelastomers are:
a) High flexibility (for the movement of diaphragms in pumps, valves and pressure regulators)
b) Chemical inertness regarding a big variety of medias, including harsh chemicals like chlorine gas, hydrofluoric acid and others
c) thermal resistance against low and high temperatures (higher than 150°C)
d) resistance against steam for sterilization in steam
e) good cleanability, to avoid contaminations between production batches and growth of bacterias
These properties are all necessary within one product. There is no alternative material available, that combines all these properties.

We did check alternatives with the following result:
Substitution by other elastomers, for example EPDM: = not suitable
a) flexibility: better than now
b) chemical inertness: restricted
c) thermal resistance: lower (not sufficient)
d) resistance against steam: possible up to approximately 120°C, needed up to 145°C (not sufficient)
e) cleanability: worse
= not suitable

Substitution by other elastomers, for example Silicone: = not suitable
a) flexibility: better than now
b) chemical inertness: restricted
c) thermal resistance: sufficient
d) resistance against steam: not suitable
e) cleanability: worse
Silicone is not firm enough that the parts keep their form during operation
= not suitable

Substitution by PEEK: = not suitable
a) flexibility: not existing
b) chemical inertness: equivalent
c) thermal resistance: equivalent
d) resistance against steam: equivalent
e) cleanability: equivalent
= not suitable

Substitution by UHMW-PE: = not suitable
a) flexibility: equivalent
b) chemical inertness: restricted, problems with highly oxidizing acids (for example nitric acid, chromic acid, or halogens)
c) thermal resistance: significantly lower – not usable for our needs
d) resistance against steam: not given
e) cleanability: equivalent
= not suitable

For some uses the theoretically suitable substitutes are much more harmful than Fluoropolymers. For example former asbesto seals had been substituted by PTFE-seals.

Duration of the transition to replacement materials:
There is no replacement material available, so it will need an unforeseeable number of years for the research and development for such a material (if something can be developed). After a suitable alternative would be available, the validation in the pharmaceutical industry takes several years.
In 2015 we had to substitute an EPDM compound for pharmaceutical applications by another EPDM compound that already existed and was available at that time. Caused by the long and demanding tests this transition took more than 6 years till 2021 for a product for which the alternative was already known.
The transition to a product that still has to be developed and tested thoroughly might take far longer than 12 years.

Without Fluoropolymers and Fluoroelastomers a vast range of industries would not be able to produce in Europe any more.  For many of these industries, it is the declared goal of the EU to establish them here or strengthen the existing companies, like the pharmaceutical industry, semiconductor production, renewable energies….. Production facilities for the transport of fluids could not be operated in Europe anymore. Numerous medicines, vaccines, chemicals, foods, beverages, semiconductors, photovoltaic cells… could only be produced outside of Europe and so Europe would get dependent on the import of these strategic products from outside Europe. The supply situation would be threatened much more and for a much longer time than during Corona times and it would effect a much bigger range of products. I don’t think that Europe can afford to get under such a strong dependency from other regions.

Even ecological and health reasons recommend to exempt the Fluoropolymers and Fluoroelastomers from the PFAS regulation. It is sure that these raw materials will be needed and used in future, this will just be transferred to other countries outside of the EU. Nowhere else in the world the production, processing and usage of Fluoropolymers is so well regulated, clean and reliable and monitored by ecological standards than in Europe. A relocation of the production, processing and usage to other countries would give up these achievements and could lead to ecological and health threads in other regions of the world.

Based on the recognition by the OECD as safe materials: "PLC" = polymer of low concern we request to exempt the Fluoropolymers and Fluoroelastomers from PFAS regulation or use restrictions.



	
	
	Answer to specific info request 1:
Industrial. Production of products made of Fluoropolymers and Fluoroelastomers. These products are used in the production process of pharmaceuticals (including vaccines), semiconductors, photovoltaic cells, food and beverages, chemicals, in the water processing and many other industrial applications
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	Date:
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Content:
Scope or restriction option analysis
Hazard or exposure
Environmental emissions
Information on benefits
Other socio economic analysis (SEA) issues
Transitional period

Type:
Individual
Country:
Sweden
	General Comments:
jag tycker att begrensningsförslaget är bra som det är och bör ej utvattnas.
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Type:
Individual
Country:
Sweden
	General Comments:
Jag tycker att begränsningsförslag är bra som det är och bör ej urvattnas.
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	Date:
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Content:
Request for exemption

Type:
BehalfOfAnOrganisation
Org. type:
Company
Org. name:
<redacted>
Org. country:
France
Company name confidential:
Yes
Attachment:


<redacted>
Privacy statement:
Protection of commercial interests and know-how.
	General Comments:
Please see two attachments (one non-confidential and one confidential).

	
	
	Answer to specific info request 6:
Please see two attachments (one non-confidential and one confidential).
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	Date:
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Type:
Individual
Country:
Denmark
	General Comments:
I am an assistant professor at University of Southern Denmark, and in the past 10 years I have studied PFAS health effects in humans with a particular focus on child and maternal health. I am writing to express my support for the proposed EU PFAS restrictions.
PFAS are highly persistent chemicals accumulating in our bodies. Due to the global pollution, we now all have PFAS in our bodies, and these chemicals are transferred from mother to child through the placenta during pregnancy and through breastfeeding [1-5] putting infants at high exposure [6, 7]. In addition, infants are particular sensitive to the immunotoxic effects of PFAS [8-10], and we therefore have to do everything in our power to protect infants and their mothers from PFAS.
I therefore support stopping all unessential uses of PFAS as soon as possible. While time-limited derogations may be necessary for certain PFAS applications, it is important to motivate the development of safer alternatives so that exposure to all PFAS is minimized.

Best regards,
Amalie Timmermann


1. Zheng, P., et al. Prenatal and postnatal exposure to emerging and legacy per-/polyfluoroalkyl substances: Levels and transfer in maternal serum, cord serum, and breast milk. 2022. DOI: 10.1016/j.scitotenv.2021.152446.
2. Mogensen, U.B., et al. Breastfeeding as an Exposure Pathway for Perfluorinated Alkylates. 2015. DOI: 10.1021/acs.est.5b02237.
3. Verner, M.A., et al. A Simple Pharmacokinetic Model of Prenatal and Postnatal Exposure to Perfluoroalkyl Substances (PFASs). 2016. DOI: 10.1021/acs.est.5b04399.
4. Muller, M.H.B., et al. Prenatal exposure to persistent organic pollutants in Northern Tanzania and their distribution between breast milk, maternal blood, placenta and cord blood. 2019. DOI: 10.1016/j.envres.2018.12.026.
5. Criswell, R.L., et al. Concentrations of Per- and Polyfluoroalkyl Substances in Paired Maternal Plasma and Human Milk in the New Hampshire Birth Cohort. 2023. DOI: 10.1021/acs.est.2c05555.
6. Haug, L.S., et al. Characterisation of human exposure pathways to perfluorinated compounds--comparing exposure estimates with biomarkers of exposure. 2011. DOI: 10.1016/j.envint.2011.01.011.
7. Papadopoulou, E., et al. Exposure of Norwegian toddlers to perfluoroalkyl substances (PFAS): The association with breastfeeding and maternal PFAS concentrations. 2016. DOI: https://dx.doi.org/10.1016/j.envint.2016.07.006.
8. Dalsager, L., et al. Exposure to perfluoroalkyl substances during fetal life and hospitalization for infectious disease in childhood: A study among 1,503 children from the Odense Child Cohort. 2021. DOI: 10.1016/j.envint.2021.106395.
9. Timmermann, C.A.G., et al. Concentrations of tetanus and diphtheria antibodies in vaccinated Greenlandic children aged 7-12 years exposed to marine pollutants, a cross sectional study. 2022. DOI: 10.1016/j.envres.2021.111712.
10. Timmermann, C.A.G., et al. Serum Perfluoroalkyl Substances, Vaccine Responses, and Morbidity in a Cohort of Guinea-Bissau Children. 2020. DOI: 10.1289/EHP6517.
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	Date:
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Hazard or exposure
Environmental emissions
Information on benefits
Other socio economic analysis (SEA) issues
Transitional period

Type:
Individual
Country:
Sweden
	General Comments:
Begränsningsförslaget är bra som det är jag hoppas innerligt att det inte urvattnas. Det är viktigt att vi helt stoppar utsläpp av långlivade kemikalier. Jag är medveten om att detta kan ge varor sämre egenskaper som mindre regntät jacka eller tyngre mobiltelefon och kan acceptera detta om det innebär att PFAS-användningen stoppas.
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	Date:
2023/06/30  03:33
Content:
Request for exemption

Type:
BehalfOfAnOrganisation
Org. type:
Company
Org. name:
<redacted>
Org. country:
Korea, Republic of
Company name confidential:
Yes
	General Comments:
We are a manufacturer of Secondary battery parts, especially for high-performance rechargeable Lithium-ion cells and batteries to be used within the for electric vehicle industry for the EU/EEA.

We would like to disagree on the current proposal of the PFAS ban.

We use PFAS-based materials in our production of seal gasket.

Today, this is the only available material to be used to manufacture a seal gasket that can meet up to the specifications of sealing capability, high mechanical reliability and thermal resistance at the same time and it is used to protect heating or cooling systems in electroplating as well.

Please refer to the attached Chemical, Physical, Thermal, Electrical and Mechanical properties, Flammability, Gas and Moisture permeability, Light transmissivity, and Heat aging resistance from our supplier [CONFIDENTIAL].

Those properties of PFAS is extremely outstanding in sealing capability, high mechanical reliability and thermal resistance, currently there is no suitable substitute material.

PFAS is used in the electric motors, rechargeable Lithium-ion batteries of electric cars, and to sensors where PFAS must be used to permanently protect from oils or greases.

Without utility of PFAS, above listed products will malfunction and eventually it will bring injuries for passengers.

Also in medical technology in endoscopic instruments used for operations and new areas of application are added every day, as fluoroplastics have a significantly longer service life compared to conventional plastics, but at the same time are harmless to the body and the environment.

Fluoroplastics such as PTFE, FEP, PFA and the 35 other materials in this group are unfortunately indispensable and irreplaceable due to their valuable properties, so far there is not substitutable material in our business sector.

We are a small medium-sized company that processes PFAS, as well as our customers in automotive and EV battery sectors, will experience significant impairments and will not be able to keep up with competitors from non-EU countries in the long term. Investments, employees and sustainable production facilities will not be paid off and We will lose annual 120 million EUR Annual sale business and our over 259 employees in Poland would lose their job and we be closed due to the resulting those losses ultimately.

Fluoropolymers are classified as PFAS according to the OECD definition, they also meet the OECD polymer of low concern criteria[1] and are by OECD considered safe for human health and the environment, as they are non-toxic, bio-compatible, non-soluble, and immobile. Therefore, fluoroplastics should not be part of this PFAS restriction, as it is necessary to defer the use regulation and conduct a detailed investigation on the future plan and current situation through contact with workers in various fields of use.

[1] OECD, 2006. OECD definition of polymer. OECD Environment, Health and Safety Publications. Available at: https://www.oecd.org/env/ehs/oecddefinitionofpolymer.htm



Otherwise the damage to our further development and our economy will be immense.

Again, we ask for the exemption of the PFAS our use.

Thank you for your time.

	
	
	Answer to specific info request 1:
Sectors and (sub-)uses: Please specify the sectors and (sub-)uses to which your comment applies according to the sectors and (sub-)uses identified in the Annex XV restriction report (Table 9). If your comment applies to several sectors and (sub-)uses, please make sure to specify all of them. •            Mechanical components of high performance rechargeable Lithium-ion batteries

	
	
	Answer to specific info request 2:
Emissions in the end-of-life phase: The environmental impact assessment does not cover emissions resulting from the end-of-life phase. To get a better understanding of the extent of the resulting underestimation, (sub-)use-specific information is requested on emissions across the different stages of the lifecycle of products, i.e. the manufacture phase, the use phase and the end-of-life phase. Please provide justifications for the representativeness of the provided information. In particular:     In our Manufacture process, it was named as a special process for the application of PFAS materials, and a separate investment of about 1,100,000 EUR in 2021 was made for a separated space and individual environmental we produce parts made from PFAS-based material in our factory with state of the art technologies under controlled circumstances and continuously measured waste water and air quality with no PFAS emission.

	
	
	Answer to specific info request 3:
Emissions in the end-of-life phase: With respect to waste management options, additional information is requested on the effectiveness of incineration under normal operational conditions (for different waste types, e.g. hazardous, municipal) with respect to the destruction of PFAS and the prevention of PFAS emissions.   There are specific requirements for emission levels and combustion conditions (temperature, time slots for duration in high temperature areas..) for incineration plants, which meet requirements for safe destroying PFAS and we are following all the requirement.

	
	
	Answer to specific info request 6:
Missing uses – Analysis of alternatives and socio-economic analysis: Several PFAS uses have not been covered in detail in the Annex XV restriction report (see uses highlighted in blue and orange in Table A.1 of Annex A of the Annex XV restriction report). In addition, some relevant uses may not have been identified yet. For such uses, specific information is requested on alternatives and socio-economic impacts, covering the following elements: I have information on this topic (Check) Seal gaskets to be used for high-performance rechargeable Lithium-ion batteries applications  Many thanks and best regards.
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Type:
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Org. type:
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Org. name:
<redacted>
Org. country:
Korea, Republic of
Company name confidential:
Yes
Attachment:
<redacted>
	General Comments:
We are a manufacturer of Secondary battery parts, especially for high-performance rechargeable Lithium-ion cells and batteries to be used within the for electric vehicle industry for the EU/EEA.

We would like to disagree on the current proposal of the PFAS ban.

We use PFAS-based materials in our production of seal gasket.

Today, this is the only available material to be used to manufacture a seal gasket that can meet up to the specifications of sealing capability, high mechanical reliability and thermal resistance at the same time and it is used to protect heating or cooling systems in electroplating as well.

Please refer to the attached Chemical, Physical, Thermal, Electrical and Mechanical properties, Flammability, Gas and Moisture permeability, Light transmissivity, and Heat aging resistance from our supplier [CONFIDENTIAL].

Those properties of PFAS is extremely outstanding in sealing capability, high mechanical reliability and thermal resistance, currently there is no suitable substitute material.

PFAS is used in the electric motors, rechargeable Lithium-ion batteries of electric cars, and to sensors where PFAS must be used to permanently protect from oils or greases.

Without utility of PFAS, above listed products will malfunction and eventually it will bring injuries for passengers.

Also in medical technology in endoscopic instruments used for operations and new areas of application are added every day, as fluoroplastics have a significantly longer service life compared to conventional plastics, but at the same time are harmless to the body and the environment.

Fluoroplastics such as PTFE, FEP, PFA and the 35 other materials in this group are unfortunately indispensable and irreplaceable due to their valuable properties, so far there is not substitutable material in our business sector.

We are a small medium-sized company that processes PFAS, as well as our customers in automotive and EV battery sectors, will experience significant impairments and will not be able to keep up with competitors from non-EU countries in the long term. Investments, employees and sustainable production facilities will not be paid off and We will lose annual 120 million EUR Annual sale business and our over 259 employees in Poland would lose their job and we be closed due to the resulting those losses ultimately.

Fluoropolymers are classified as PFAS according to the OECD definition, they also meet the OECD polymer of low concern criteria[1] and are by OECD considered safe for human health and the environment, as they are non-toxic, bio-compatible, non-soluble, and immobile. Therefore, fluoroplastics should not be part of this PFAS restriction, as it is necessary to defer the use regulation and conduct a detailed investigation on the future plan and current situation through contact with workers in various fields of use.

[1] OECD, 2006. OECD definition of polymer. OECD Environment, Health and Safety Publications. Available at: https://www.oecd.org/env/ehs/oecddefinitionofpolymer.htm



Otherwise the damage to our further development and our economy will be immense.

Again, we ask for the exemption of the PFAS our use.



Thank you for your time.

	
	
	Answer to specific info request 1:
Sectors and (sub-)uses: Please specify the sectors and (sub-)uses to which your comment applies according to the sectors and (sub-)uses identified in the Annex XV restriction report (Table 9). If your comment applies to several sectors and (sub-)uses, please make sure to specify all of them.     •            Mechanical components of high performance rechargeable Lithium-ion batteries•

	
	
	Answer to specific info request 2:
Emissions in the end-of-life phase: The environmental impact assessment does not cover emissions resulting from the end-of-life phase. To get a better understanding of the extent of the resulting underestimation, (sub-)use-specific information is requested on emissions across the different stages of the lifecycle of products, i.e. the manufacture phase, the use phase and the end-of-life phase. Please provide justifications for the representativeness of the provided information. In particular:     In our Manufacture process, it was named as a special process for the application of PFAS materials, and a separate investment of about 1,100,000 EUR in 2021 was made for a separated space and individual environmental we produce parts made from PFAS-based material in our factory with state of the art technologies under controlled circumstances and continuously measured waste water and air quality with no PFAS emission.

	
	
	Answer to specific info request 3:
Emissions in the end-of-life phase: With respect to waste management options, additional information is requested on the effectiveness of incineration under normal operational conditions (for different waste types, e.g. hazardous, municipal) with respect to the destruction of PFAS and the prevention of PFAS emissions.      There are specific requirements for emission levels and combustion conditions (temperature, time slots for duration in high temperature areas..) for incineration plants, which meet requirements for safe destroying PFAS and we are following all the requirement.

	
	
	Answer to specific info request 6:
Missing uses – Analysis of alternatives and socio-economic analysis: Several PFAS uses have not been covered in detail in the Annex XV restriction report (see uses highlighted in blue and orange in Table A.1 of Annex A of the Annex XV restriction report). In addition, some relevant uses may not have been identified yet. For such uses, specific information is requested on alternatives and socio-economic impacts, covering the following elements:     I have information on this topic (Check)        Seal gaskets to be used for high-performance rechargeable Lithium-ion batteries applications              Many thanks and best regards.
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Type:
BehalfOfAnOrganisation
Org. type:
Company
Org. name:
<redacted>
Org. country:
Japan
Company name confidential:
Yes
Attachment:

 
<redacted>
Privacy statement:
Disclosure of this information could compromise the protection of commercial interests, including the intellectual property of both us and our customers.
	General Comments:
We supports the statement made by FCJ on the issues of proposed restriction,as per attached in Section IV.

	
	
	Answer to specific info request 1:
Comments are attached in Section V.

	
	
	Answer to specific info request 2:
Comments are attached in Section V.

	
	
	Answer to specific info request 5:
Comments are attached in Section V.

	
	
	Answer to specific info request 7:
Comments are attached in Section V.
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Request for exemption

Type:
BehalfOfAnOrganisation
Org. type:
Company
Org. name:
NOK CORPORATION
Org. country:
Japan
Attachment:
<redacted>
Privacy statement:
Test data  Product drawing
	General Comments:
-

	
	
	Answer to specific info request 1:
Other niche applications

	
	
	Answer to specific info request 6:
a. Types of PFAS PTFE, FKMs, Bisphenol AF  b. Major functions of PFAS It is installed in the hydraulically operated cylinder part of construction, industrial, agricultural and robot machines to prevent leakage of hydraulic fluid and to suppress abnormal vibration to prevent damage to the cylinder. They provide function and safety until the product life of the equipment (about 20 years) without deterioration by lubricating oil.  g. Substitution is not technically or economically feasible Multiple seals and wear bands are installed inside hydraulic cylinders of construction, industrial, agricultural and robot machines. These convert the pressure of the hydraulic fluid to reciprocating motion, thus preventing leakage of the hydraulic fluid and enduring sliding heat up to 150 deg C. NBR, ACM and VMQ other than FKM can ensure function and safety until the product life (20 years) when the normal temperature is around 100 deg C. However, the sliding speed increases due to the demand for high performance equipment, and the temperature of these products reaches 150 deg C. As the attached data shows, except for FKM, the product life is reduced to 1/10 at 150 degrees Celsius compared to 100 degrees Celsius. That is, the parts need to be replaced once every 2 years. Thus, the number of 0 replacements increases to more than 10 over the life of the product, and the amount of waste with environmental impact increases by more than 10 times. The replacement of seals and wear bands requires the disassembly of cylinders, which is a significant financial burden. If not replaced, in the worst case, an accident due to broken cylinders or a fire associated with an oil leak could result in a loss of life. Thus, FKM (perfluoro and polyfluoropolymers) is an important material to reduce the environmental impact and protect human life. PTFE (including filled PTFE), which has similar performance to FKM, can also be used for seals and wear bands. PTFE simultaneously has oil resistance, heat resistance, and wear resistance that do not deteriorate due to hydraulic fluid, sliding heat generation, and friction, as well as low sliding resistance, in particular, which can suppress stick-slip occurrence. The use of PTFE is a very beneficial option because stick-slip induces abnormal vibration and causes sudden cylinder failure. Therefore, FKM (perfluoro and polyfluoropolymers) and PTFE (including filled PTFE) are not subject to regulation, and its continued use with Time-unlimited is essential.  Also, banning supply parts from coming to market after a certain deadline violates CE principles and Green Deal goals because it prevents the repair and inspection of vehicles already on the market. Type certification systems and supplies should be recognized as important requirements for exemptions.   In addition, the use of FKM (perfluoro and polyfluoropolymers) to form molded products with rubber elasticity requires the use of bisphenol AF, a type of PFAS, as a cross-linking agent. Proposed regulations for bisphenol AF have been published in the "ANNEX XV RESTRICTION REPORT - BPA and bisphenols of similar concern for the environment". It can be said that the proposed regulations have established upper limits for the release of bisphenol AF into the environment and that the environmental impact has been sufficiently examined. The threshold for bisphenol AF in molded products should be in accordance with the values in this proposed legislation. The use of FKM (perfluoro and polyfluoropolymers) is not subject to PFAS regulations and its continued use with Time-unlimited is essential.
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	Answer to specific info request 1:
Transport

	
	
	Answer to specific info request 7:
Wear bands used for shock absorbers in suspension of transport vehicles Produced by NOK and supplied to the EU.  a. Types of PFAS PTFE  b. Major functions of PFAS They are used in the shock absorbers of the suspensions in the chassis of the vehicle, which dampen the vibration of the vehicle body to stabilize the attitude and maneuverability of the vehicle body, thereby contributing to the prevention of vehicle accidents. They provide function and safety until the product life of the vehicle (approximately 20 years) without deterioration due to hydraulic fluid, sliding heat generation and friction wear.  g. Substitution is not technically or economically feasible A vehicle chassis requires a suspension to dampen body vibration and stabilize body posture and steering, and shock absorbers are used for suspension components. The shock absorbers consist of a cylinder and a piston, and the piston is equipped with a wear band to stabilize reciprocating motion. Since the wear band reciprocates violently in oil, only PTFE (including PTFE with filler), which simultaneously provides oil resistance, heat resistance, and wear resistance without deterioration due to hydraulic fluid, sliding heat generation, and friction, is applicable. When resins other than PTFE, which do not simultaneously have these characteristics, are used, parts will be repaired and replaced more frequently than when PTFE is used. In other words, the economic burden of repair will increase, and the amount of waste that becomes an environmentally harmful substance will increase as a result of replacement. If not replaced, the running stability of the car body will be impaired, and there is a concern about the impact of traffic accidents on human lives. In addition, PTFE has low sliding resistance and can suppress the occurrence of stick slip. The use of PTFE is very beneficial in preventing accidents and protecting human lives because stick slip induces abnormal vibration and causes sudden suspension failure. Therefore, it is essential that PTFE (including PTFE with filler) be exempted from the regulations and continued use with Time-unlimited. The above is exactly the same for suspensions of construction, industrial and agricultural machines.  It is against the idea of the ELV Directive to prohibit the launch of vehicles after a certain deadline after type approval because it prevents recovery of development costs of vehicles. Banning the launch of supply parts after a certain deadline violates CE principles and Green Deal goals because it prevents the repair and inspection of vehicles already on the market. Supplies should be recognized as an important requirement for exemption.
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	Answer to specific info request 1:
Transport

	
	
	Answer to specific info request 7:
Thrust washers and seal rings mounted on shafts inside transports' transmissions Produced by NOK and supplied to the EU.  a. Types of PFAS PTFE  b. Major functions of PFAS Located inside the vehicle's transmission, the thrust washer prevents seizure of the shaft end face of the rotating shaft, and the seal ring prevents leakage of lubricating oil on the rotating and reciprocating shafts. It provides functionality and safety until the product life of the vehicle (approximately 20 years) without deterioration due to hydraulic fluid, sliding heat generation or friction wear.  g. Substitution is not technically or economically feasible There are many types of transmission in vehicles, consisting of multiple rotary and reciprocating shafts. Thrust washers receive an axial load at the axial end face of the rotary shaft to prevent metal from baking into each other. Seal rings are mounted on the sides of the rotary and reciprocating shafts to prevent leakage of hydraulic fluid. Because thrust washers and seal rings are subjected to high loads and sliding in oil, only PTFE (including filler-filled PTFE), which simultaneously provides oil resistance, heat resistance and wear resistance without deterioration due to hydraulic fluid, sliding heat generation and friction, is applicable. When resins other than PTFE, which do not simultaneously have these characteristics, are used, parts are more frequently repaired and replaced than when PTFE is used. That is, the economic burden of repair increases, and the amount of waste that becomes an environmentally harmful substance increases as a result of replacement. It should be noted that replacement requires removal of the transmission from the engine bay, and the economic burden is as high as approximately EUR 3,000~4,000 per replacement. If it is not replaced, there is a concern that the damage to the transmission may result in an accident or a fire in the vehicle, resulting in loss of life. In addition, PTFE has low sliding resistance and can suppress the occurrence of stick slip. The use of PTFE is very beneficial in preventing accidents and protecting human lives because stick slip induces abnormal vibration and causes sudden transmission failure. Therefore, PTFE (including PTFE with filler) is exempt from the regulation, and its continued use with Time-unlimited is essential. The above is exactly the same for transmissions of construction, industrial and agricultural machines.  It is against the idea of the ELV Directive to prohibit the launch of vehicles after a certain deadline after type approval because it prevents recovery of development costs of vehicles. Banning the launch of supply parts after a certain deadline violates CE principles and Green Deal goals because it prevents the repair and inspection of vehicles already on the market. Supplies should be recognized as an important requirement for exemption.
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Production of Industrial 



Process Water application 



(“Application 1”) 



Process water application covers the production of water for a wide range of 



industries: food processing, cosmetic fabrication, chemical, fuel and energy 



production, steel manufacturing, etc. The water quality objectives are industry 



specific and vary depending on the industry needs: turbidity, solids content, organic 



content, metals content, pathogens removal.  



Plant capacity varies also depending on industry needs, from small size to medium 



size production (hundreds to tens of thousands m³ per day).   



Like for drinking water application, raw water for the production of process water 



has two sources: surface water or groundwater with respective impacts on the raw 



water quality and treatment process line. To minimize water intake, industries rely 



on internal recycling loop, bringing back the used water as a source for process 



water. Here apply two sub-categories based on the suspended solids 



content:   groundwater / easy to treat surface water / internal loop (below ~50 ppm 



suspended solids) – considered as low loaded water and tough to treat surface water 



/ internal loop (above ~ 50 mg/l suspended solids) – considered as high loaded 



water.   



Process water plants are designed and built for decades of operation. During their 



lifespan, the plants will face evolving challenges like extension capacity, new water 



quality to meet industry demand and potentially raw water contaminants 



modifications.  



Production of Municipal 



Drinking Water application 



(“Application 2”) 



Municipal drinking water application covers the production of drinking water for 



public communities with strict water quality objectives: turbidity, organic content, 



metals content, pathogens removal, etc.  



Drinking water plant capacity varies significantly depending on the size of the 



community served, ranging from hundreds to hundreds of thousands m³ per day (= 



population ranging from few hundred inhabitants up to above one million).  



Raw water to produce drinking water has two sources: surface water (lake, river) or 



ground water with larger communities relying on surface water. Ground waters are 



usually stable in terms of physico-chemical characteristics and low loaded in terms 



of contamination (low solids content, low organic content). Surface waters are 



subject to variations following seasonal changes: temperature, impact of rain 



events, algae blooms, etc. and typically present higher contamination compared to 



ground waters: solids content, organic content, pathogens content, etc.). The level 



of contamination of the raw water will have a direct impact on the water treatment 



process line. More specifically for membrane solutions, two subcategories can be 



defined depending on the quantity of solids (natural solids and/or from chemical 



precipitants) reaching the membrane treatment step: ground water / easy to treat 



surface water (below ~50 mg/l suspended solids) – considered as low loaded water 



and tough to treat surface water (above ~ 50 mg/l suspended solids)- considered 



as high loaded water. The membrane's operating conditions in these two sub-



categories will be different and significantly more challenging for tough to treat 



surface water to prevent membrane clogging.  



Municipal drinking water plants are designed and built for decades of operation. 



During their lifespan, these infrastructures will go through evolutions like extension 



capacity, meeting new drinking water targets and potentially facing new raw water 



contaminations.   



Treatment of Industrial 



Wastewater application 



(“Application 3”) 



Industrial wastewater application covers the treatment of wastewater from industrial 



activities: food processing, cosmetic fabrication, chemical, fuel and energy 



production, steel manufacturing, etc. The discharge parameters are defined by local 



regulation addressing the specificities of the receiving water bodies and those of the 



industrial activity. In case of water reuse, the treated water would have to meet 



specific requirements. The latest is a clear trend due to water scarcity and industries 



growing sustainability goals.  



Plant capacity varies depending on industry needs from small size to medium size 



capacity (from few hundreds to tens of thousands m³ per day).  



The wastewater collected from diverse sources is industry specific: it can be loaded 



with solids, grease, fibers, carbon / nitrogen contents, industry specific compounds, 
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etc. and must go through several treatment steps combining physicochemical and 



biological treatments prior to discharge. Industrial wastewater plants are designed 



and built for decades of operation. During their lifespan, the plants will face evolving 



challenges like expansion capacity, new discharge water quality and 



implementation/increase of wastewater reuse. 



Treatment of Urban 



Wastewater application 



(“Application 4”) 



Urban wastewater application covers the treatment of domestic wastewater (flushing 



toilets, showers, dish washing, etc.) from people living in communities and related 



commercial activities or the mixture of domestic wastewater with industrial 
wastewater and/or run-off rainwater prior to discharge in surface water bodies. The 



discharge parameters and values are defined by national and EU legislation. They 



are also based on the sensitivity and usage of the discharge body, the size of the 



wastewater treatment plant and the potential presence of specific upstream 



pollution. In case of wastewater reuse, the treated water would have to meet specific 



requirements. 



Plant capacity varies significantly from small communities to large cities ranging 



from hundreds to hundreds of thousands m³ per day (also expressed in people 



equivalent).    



The wastewater coming from the sewer network is loaded with solids, grease, fibers, 



carbon / nitrogen / phosphorus content, pathogens, micropollutants (pesticides, 



pharmaceuticals, personal care products) and must go through several 



physicochemical and biological treatment steps prior to discharge: primary / 



secondary / tertiary / quaternary treatment depending on treatment objectives.  



Urban wastewater plants are designed and built for decades of operation. During 



their lifespan, the plants will face new objectives like expansion capacity, new 



discharge parameters and potentially raw water contaminants modifications. 



Ultrafiltration Ultrafiltration (UF) is defined as filtration that retains particles larger than 10-50 



nanometers in diameter. It is a low-pressure filtration through a semipermeable 



membrane in which colloidal particles are retained while the small sized solutes and 



the solvent are forced to move across the membrane by hydrostatic pressure forces. 



Ultrafiltration is a technique for separating elements contained in a liquid. It uses 



semi-permeable membranes with a pore diameter between 10 and 50 nanometers.  



Supported / unsupported 



membranes  



Supported membranes: they consist of a supporting structure, i.e., the so-called 



braid, which provides the necessary stability and overall tensile strength to the 



hollow fiber membrane. The braid is a textile structure consisting of multifilament 



polyester yarns. No PVDF is used for the support structure. In a proprietary process, 



PVDF is coated as an outside layer onto the supporting structure. The membrane 



itself must still possess special mechanical properties (i.e., high level of flexibility) 



to prevent cracking and delamination from the support.   



Unsupported membranes: these are membranes made from PVDF without the 



supporting structure. 
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DECLARATION 



We,  (“ ”), are aware of the fact that further 



evidence might be requested by ECHA to support the information provided in this document. 



Also, we request that the information blanked out in the “public version” of the Analysis of 



Alternatives and Socio-economic Analysis is not disclosed. We hereby declare that, to the best 



of our knowledge as of today (June 29, 2023) the information is not publicly available, and, in 



accordance with the due measures of protection that we have implemented, a member of the 



public should not be able to obtain access to this information without our consent or that of the 



third party whose commercial interests are at stake. 



 



 



Signature:       Date, Place: 



 



 



General Counsel   
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1. INTRODUCTORY STATEMENT, INCLUDING ON 



FLUOROPOLYMERS AND RELATED HAZARD & RISK 



 uses the fluoropolymer poly vinylidene fluoride (“PVDF” – EC No: 607-458-6; CAS No: 



249370-79-9) to produce ultrafiltration (“UF”) membranes for water treatment. Fluoropolymers 



are high value chemicals that provide a wide variety of properties in key industrial sectors. In 



comparison to their benefit for society, their hazard potential is very low. Fluoropolymers are 



not expected to degrade under intended conditions of use or at their end of life. At this point in 



time, no scientific evidence is available proving that fluoropolymers pose any risk to humans or 



the environment. Due to their chemical properties, such as high molecular weight and negligible 



solubility in water, fluoropolymers cannot enter or accumulate in the human tissue. They do not 



degrade into other PFAS under intended conditions of use or under ambient environmental 



conditions.  



Fluoropolymers are part of the PFAS group by OECD definition and thus are included in the scope 



of the restriction proposal published on March 22, 2023. Because of their different chemical 



structure and properties, they need to be considered as a separate family within the broad PFAS 



group and clearly distinct from the non-polymeric PFAS. These differences are relevant for 



grouping but more importantly for considering risks for human health and the environment that 



will be derived from their manufacture, use and disposal. 



The main differences between fluoropolymers and the other members of the broader PFAS group 



are the following (Korzeniowski, 2022): 



● Structural differences which render them a unique and clearly differentiated family of 



chemicals to be separated from the broad PFAS group. 



● Safety and environmental considerations due to their high molecular weight and 



negligible solubility in water. Thus, they cannot be toxic, bioavailable, bio-accumulative, 



mobile, and have insignificant human health or environmental impacts. 



● Low potential to degrade into smaller PFAS molecules (possessing the identified hazards 



& risks for PFAS) during the intended conditions of use or under ambient conditions in 



the natural environment. 



● Unique combination of properties, frequently related to the enhancement of safety of 



workers, population, and the environment, as well as to the development of green energy 



solutions and high technological applications. This makes fluoropolymers extremely 



valuable and irreplaceable in extremely demanding uses in a wide variety of industrial 



sectors.  



 fully supports the information provided above and based on that is generally of the opinion 



that the use of fluoropolymers should be completely exempted from the PFAS restriction 



proposal. This is also in line with what we understand is the position that the European 



fluoropolymer industry, including  PVDF suppliers, presented during the current public 



consultation.  



Therefore, the present submission is made in case and to the extent that the position of the 



European fluoropolymer industry would not be accepted by the Dossier Submitters, RAC, SEAC 



and the European Commission. Specifically,  has prepared a detailed analysis of 



alternatives (“AoA”), socio-economic analysis (“SEA”) and a Chemical Safety Report (“CSR“) 



for its use of PVDF to justify a time-limited derogation of at least 15.5 years (calculated from 



the expected Entry into Force (“EiF”) in Q2 2025) for both new and existing plants.   
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2. SUMMARY 



 uses PVDF to produce UF membranes at its  site located in . 



Importantly, no polymerization process is carried out at the site because  purchases the 



PVDF polymer from an EU-based supplier. The  UF membranes manufactured in the plant 



in  are sold within the EEA and the rest of the world. 



’s UF membranes are critical components to industrial-scale water and wastewater 



treatment plants owned by municipalities, water companies and industrial companies in the 



European Union (“EU”) and all over the world. UF removes particles, pathogens (parasites, 



bacteria, and viruses), microplastics, and combined with adsorption removes micropollutants 



(such as pesticides, pharmaceuticals, personal care products (“PCPs”), endocrine disruptors 



(“EDs”)) from liquid media (water). Through this PVDF-based UF, the membranes achieve high 



quality of water purification in the following applications: 



● Application 1: Production of Industrial Process Water; 



● Application 2: Production of Municipal Drinking Water; 



● Application 3: Treatment of Industrial Wastewater; 



● Application 4: Treatment of Urban Wastewater.  



The key performance functionalities of PVDF-based UF membranes that are required for all four 



water & wastewater applications in scope of the AoA are: 



● Low spatial requirements (small footprint of treatment plant); 



● Chemical stability; 



● Fouling resistance; 



● Mechanical properties; 



● Separation and removal capacity; 



● Low use of treatment chemicals. 



 manufactures the following types of PVDF membranes:  



. Please refer to chapter 5.3 for more details. The Product Data Sheets to 



the three products are attached in the Annex. 



PVDF-based UF membranes play a key role in the EU’s strategy for safe drinking water and 



wastewater discharge (see further below in section 5.1). Surface waters and groundwaters are 



protected and managed in a sustainable manner as a source for drinking water. It needs to be 



ensured that all drinking water is safe for human consumption and that levels for contaminants 



are kept under applicable EU and national statutory thresholds. All wastewater resulting from 



human consumption and use needs to be purified in the highest possible quality to guarantee 



safe discharge to feed the EU/global water circle. Due to their performance and their market 



integration PVDF UF membranes offer decisive advantages for water/wastewater treatment 



compared to other membrane materials like polyethersulfone (“PES”), chlorinated poly ethers 



(“CPE”), poly acetonitrile (“PAN”) and ceramics and conventional technologies like physico-



chemical clarification, sand filtration, etc.). Please refer to chapter 5.6.5 for details.   



In this regard, the upcoming PFAS restriction is highly critical for EU citizens, considering the 



non-availability of a one-to-one replacement for PVDF-based UF membranes. According to 











ANALYSIS OF ALTERNATIVES and SOCIO-ECONOMIC ANALYSIS 



 
No copying/use allowed – property of  



15 



 



’s substitution plan at least 17.5 years2 are required to develop a suitable one-to-one 



replacement. This means that from the expected EiF of the PFAS restriction in Q2 2025, a 



derogation of at least 15.5 years is required for  to substitute PVDF-based UF membranes 



while ensuring supply with critical components to EU water and wastewater treatment plants.  



Importantly, the substitution timeline is developed for the scenario of replacing the PVDF-based 



UF membranes one-to-one with an alternative-based UF membrane. The substitution timeline 



does not consider a switch to a completely different treatment technology. This is because PVDF-



based UF membranes currently offer the only available option for providing high quality treated 



water (meeting current and future EU legal requirements) in the small footprint required by 



relevant municipal and industrial downstream users (“DUs”) (see section 5.1).  



In addition, for existing DUs, once a specific plant setup is decided and constructed little to no 



adaptations are possible regarding the core treatment unit. In other words, a plant designed for 



water/wastewater treatment via UF membranes will always rely on the use of UF membranes 



and cannot simply switch to a completely different treatment technology. More specifically, in 



case a PVDF UF membrane is chosen, customers need to be able to replace the membranes with 



PVDF UF membranes when their end-of-life (10-20 years) is reached. Otherwise, critical 



parameters like plant capacity and water quality cannot be met. Notably, these parameters are 



pre-defined during plant design and need to be guaranteed throughout a plant’s service life (40-



50 years). Besides technical arguments, investment costs play another important factor for DUs. 



PVDF UF membranes have the best price-to-lifetime ratio available on the market.  



 is also committed to increase the sustainability of the manufacture, application, and 



disposal of their PVDF-based UF membranes. For this purpose, the company developed a 



sustainability commitment that will fully apply during the required 15.5-year derogation.  



With this information submitted as comments to the public consultation on the PFAS restriction 



proposal,  aims to achieve at least a derogation of 15.5 years (from EiF) for the 



manufacturing and placing on the market of PVDF-based UF membranes. By obtaining a time-



bound derogation from the upcoming PFAS restriction,  ensures supply for the growing 



need (urbanization and related population growth, stricter water quality parameters, climate 



change, sustainable industry, etc.) of this advanced water and wastewater treatment technology 



across Europe and the rest of the world (see section 5.1).  



 considers that its PVDF use is not fully covered by any of the currently proposed 



derogations in the PFAS Annex XV REACH Report. Therefore,  requests a specific 



derogation.  



Restriction scenario and evaluation of impacts 



The absence of suitable alternatives will result in partial business closure for  in the EEA. 



The closure of the  line for  would result in massive producer surplus losses and 



social cost of unemployment in the EEA. Section 6.4.2 explains that the reconstruction of 



industrial and municipal water and industrial and urban wastewater treatment plants in the 



restriction scenario would imply high capital (one-off) and operating costs. While in some cases 



an expansion may be needed, others may require completely new infrastructures. For end users 



or EEA society, welfare losses due to significant costs for DUs and compromised water quality 



 
2 Calculated from Q2 2023 - the timepoint of submitting the comment to the public consultation.  
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and quantity are evaluated in terms of welfare losses due to reduced economic value of reclaimed 



wastewater and consequent increase in water tariffs.  



Based on the impact assessment, a restriction of PVDF membranes would result in socio-



economic impacts valued at EUR  million in 2025 or EUR  million per 



year for 15.5 years (see Appendix 2: Explanation on NPV calculations) for the EEA society whilst 



any releases to the environment across all life cycle stages are precluded. It must be emphasized 



that these impacts only present a partial picture of the overall impacts of a restriction. The 



impacts are only quantified for  and its DUs. The overall impacts of a restriction on the EEA 



society are expected to be much higher. 
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3. SCOPE AND AIMS 



The objective of the present submission is to provide comments to the public consultation on 



the PFAS Annex XV REACH Report (“Restriction Proposal”) launched by the European 



Chemicals Agency (”ECHA”) on March 22, 2023. Specifically,  considers that its PFAS use 



is not fully covered by any of the currently proposed derogations in the PFAS Restriction Proposal. 



Therefore,  requests the following derogation:   



“Industrial PVDF-based ultrafiltration membranes required to be installed into (a) new 



water or wastewater treatment plants designed after EiF (including extensions 



of/changes to existing plants) subject to special conditions (low spatial requirements) 



for high quality purification of industrial and urban wastewater, process water and 



drinking water and (b) existing water or wastewater treatment plants ensuring 



possibility for maintenance and replacement during the operational life of the plant, 



both (a) and (b) until at least 15.5 years after EiF.3  



 hereby presents a detailed AoA, SEA and a CSR to fully justify the company’s request for 



the 15.5-year derogation. The concrete aims of the three dossier parts are: 



1) From an AoA perspective, to provide information on the technical importance of PVDF-



based UF membranes for industrial-scale water and wastewater treatment applications 



and thus for the European society and a sustainable industry. Furthermore, to describe 



the technical disadvantages and limitations of potential alternative technologies and 



membrane materials by direct performance comparison to PVDF membranes. As part of 



the assessment of alternatives, the economic feasibility of substitution is discussed. 



Finally, ’s R&D efforts to reduce and substitute PVDF usage are presented. Based 



on this a best-case estimated timeline for substitution of PVDF-based membranes is 



derived.    



2) From a SEA perspective, to analyze the relevant market for PVDF membranes and 



introduce its main players. Furthermore, to describe actors that play a crucial role along 



the value chain and underline the significance of PVDF membranes for different 



applications. Finally, the SEA aims to demonstrate that the socio-economic benefits 



associated with the continued use of PVDF outweigh the remaining risks to the 



environment which, as it is shown in chapter 6.2 are minimal. The period covered by the 



SEA runs from EiF (Q2 2025) to 2040 (taking 2025 as a base year for calculation). 



3) From a CSR perspective, to provide information on the substance identity, its 



composition, stability, and degradation mechanisms (Chapter 2). Most importantly, this 



document shall provide information on Risk Management Measures (“RMMs”) and 



Operational Conditions (“OCs”) of the manufacture, use and disposal of membranes 



during their life cycle (Chapter 3). Potential emissions during the life-cycle stages are 



outlined. Measurement results and laboratory studies on degradability are used to 



support the hypothesis that environmental emissions from the manufacture and use 



stages of membranes made of PVDF are minimal (Chapter 4).  is aware of the 



 
3  is aware that derogation 6a under the PFAS Restriction Proposal (i.e. “fluoropolymers for use in food contact 



materials for the purpose of industrial and professional food and feed production until 6.5 years after EiF”) covers filters 



to capture contaminants […] (see paragraph 6 on p.11 of the Restriction Proposal). However, this derogation cannot 



entirely support ’s PVDF use as: (i) it only captures one of the four applications (i.e Application 2:  the production 



of municipal drinking water), and (ii) in accordance with the Substitution Plan (see chapter 6.1.1) the length of the 



derogation is not sufficient to substitute the PVDF in this application.  
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concerns raised over certain PFAS compounds. For this reason, it is important for the 



company to provide information on the upstream polymerization process (only 



qualitatively), the membrane manufacturing process (incl. OCs and RMMs), the 



application process at DUs (water/wastewater treatment plants) and the membrane 



disposal in a CSR. At all stages, the focus is on potential PFAS emissions and the 



corresponding environmental impact.  



In general,  is committed to further reduce the overall environmental impact caused by 



membrane manufacturing, application and disposal which is already considered minimal. For this 



purpose, the company decided on a multistep approach for further sustainability. ’s 



commitment is described in Section 4 of this AoA/SEA.   
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4. ’s COMMITMENT TO REDUCTION OF PVDF USE AND 



GENERAL ENVIRONMENTAL IMPACT 



 is committed to reduce the environmental impact caused by the manufacture, application, 



and disposal of its PVDF-based UF membranes. For this purpose, the company developed a 



commitment that will fully apply during the 15.5-year derogation that is required to substitute 



the use of PVDF-based UF membranes. For this commitment  considered the entire lifecycle 



of its membranes starting from membrane manufacture through disposal at end-of-life (EOL). 



(It should be noted that 80 % of the produced membranes are exported outside the EU.)  



Note: the upstream polymerization process for production of the PVDF raw material is out of 



scope since it cannot be monitored by . We understand that PVDF suppliers will address 



PVDF emissions during Public Consultation. Also, as part of its Sustainable Purchase Strategy, 



 will keep influencing PVDF suppliers to reduce the impact of their production. 
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5. ANALYSIS OF ALTERNATIVES 



5.1. Use of PVDF UF membranes, its importance for society and 



applicable EU water legislation 



General overview  



Today, membrane-based technologies are clearly recognized as the state-of-the-art in water and 



wastewater treatment. A very large number of public (e.g. municipalities) and private (e.g. 



manufacturing sites) installations have been developed since the early 1990’s. More specifically, 



membrane-based technologies have supported, due to their universality and advanced 



performance, the implementation of EU water protection and management frameworks and 



related legislation.  



UF membranes fabricated from PVDF are used in the production of industrial process water, 



municipal drinking water as well as in the treatment of industrial and urban wastewater. The 



functional principle of these hollow-fiber membranes is based on the vacuum-or pressure-driven 



removal   of particles, pathogens (parasites, bacteria, and viruses), micropollutants (such as 



pesticides, pharmaceuticals, PCPs, EDs) and microplastics from the water based on a 



combination of adsorption and size exclusion.  



PVDF UF membranes are a highly effective and efficient method of water and wastewater 



treatment. They offer decisive combined advantages for water/wastewater treatment compared 



to other membrane materials like PES, CPE, PAN and ceramics and conventional technologies 



like physico-chemical clarification, sand filtration, etc.: 



● Low spatial requirements ensure high quality water treatment in applications with 



reduced spaces (e.g. urban areas, industrial sites, etc.). PVDF-based UF membrane 



modules (and cassettes) (see chapter 5.3) are designed with high packing density and 



for small footprint due to the mechanical properties (unique combination of strength, 



flexibility and wear resistance) of the PVDF membranes.    



● High chemical stability enables usage in applications with aggressive media (e.g.   



presence of biomass, chemicals, cleaning agents, etc.). Importantly, high chemical 



stability results in long membrane lifetimes of 10 - 20 years which increases sustainability 



(less raw material consumption / less waste) and lowers costs for membranes at DUs. In 



addition, the inertness of PVDF-based membranes makes them suitable for use in 



drinking water applications. ’s membrane were granted the drinking water 



certification in various EU Member States like Germany (Kunststoff-Trinkwasser), Italy 



(ICIM), Hungary (ANTSZ), Poland (PZH) and non-EU countries like the Unites States of 



America (NSF-61 and NSF-419), United Kingdom (Drinking Water Inspectorate), Korea 



(Koran Water and Wastewater Association), China (Ministry of Health of the People’s 



Republic of China).  



● Fouling resistance allows to maintain filtration performance in a wide range of 



operating conditions. 



● Mechanical properties guarantee the durability of the membrane in all operating 



conditions 



● Separation and removal capacity PVDF UF membranes are perfectly suitable to 



simultaneously remove particles, bacteria, giardia, Cryptosporidium, viruses, particles, 
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colour, other small organic compounds and microplastics with pores size in the range of 



10 to 50 nanometers. 



● Low use of treatment chemicals eliminate or significantly reduce the need of 



chemicals which are typically required for conventional physico-chemical treatments 



At this point, it is important to understand that when UF membranes are selected for a water / 



wastewater treatment plant due to their critical functionality, the UF membranes become the 



core technology for the treatment and the rest of the equipment and infrastructure are built 



around it. Once a specific plant configuration is established and constructed, little to no 



adaptations are possible without significant economic efforts (order of magnitude: tens of 



millions to hundreds of millions EUR for one treatment plant). The lifetime of water/wastewater 



treatment plants range from 30 to 50 years. In other words, a plant designed for 



water/wastewater treatment via UF membranes will always rely on the use of UF membranes 



and cannot simply switch to a membrane technology with a larger footprint or a completely 



different treatment technology (conventional technologies). More specifically, in case a PVDF UF 



membrane is chosen as the best technical and economical solution, for the very vast majority of 



sites, customers need to be able to replace the membranes with PVDF UF membranes after the 



end-of-life (10 - 20 years) is reached. Otherwise, critical parameters like plant capacity (water 



volume treated per day) and water quality cannot be met. As stated above, PVDF-based UF 



membrane modules (and cassettes) (see chapter 5.3) are designed for high packing density and 



small footprint due to the mechanical properties (unique combination of strength, flexibility and 



wear resistance) of the PVDF membranes. Membranes made from other materials (PES, CPE, 



PAN and ceramics) are up to five times less efficient in terms of footprint.  



Therefore, there are currently no existing one-to-one replacements to PVDF-based UF 



membranes. 



Importance of PVDF UF membranes for society and regulatory landscape 



Water is a limited resource that needs to be protected and used in a sustainable way4. It is, 



however, under pressure from many different uses from a variety of sectors, such as agriculture, 



industry, tourism, transport, and energy. In 2012, the EU Commission launched the Blueprint to 



Safeguard Europe’s Water Resources (the “Blueprint”) 5, a long-term strategy that aims to 



ensure the availability of a sufficient level of good quality water for all legitimate uses by better 



implementing current EU water policy, integrating water policy objectives into other policy areas 



and filling gaps in the current framework. As described in the Blueprint, water is essential for 



human life, nature, and the economy. It is permanently renewed but it is also finite and cannot 



be made or replaced with other resources. Freshwater constitutes only about 2 % of the water 



on the planet and competing demands may lead to an estimated 40 % global water supply 



shortage by 20306. 



The key pieces of EU legislation that govern the treatment and management of water and 



wastewater in the EU are provided below. The EU continues to review and update its legislation 



to ensure that it remains relevant and effective in protecting water resources and ensuring that 



they are managed in a sustainable manner.  



 
4 https://watercommission.org/  



5 Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2012:0673:FIN  



6 Charting our water future, a report of the 2030 Water Resources Group, 



http://www.mckinsey.com/client_service/sustainability/latest_thinking/charting_our_water_future  
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● Water Framework Directive 2000/60/EC (“WFD”)7: This Directive sets the legal 



framework for the protection and management of EU’s water resources, with the aim of 



ensuring that all surface waters and groundwater are protected and managed in a 



sustainable manner. The WFD requires all EU Member States to establish and implement 



programs of measures to achieve good ecological and chemical status of their water 



resources. 



● Groundwater Directive 2006/118/EC (“GWD”)8: This Directive sets standards for the 



protection and management of groundwater in the EU. The GWD requires all Member 



States to ensure that groundwater is protected against pollution and to prevent the 



abstraction of water in excess of the long-term sustainable yield of the resource. 



● Drinking Water Directive (EU) 2020/2184 (“DWD”)9: This Directive sets the quality 



standards for drinking water in the EU and requires all Member States to ensure that all 



drinking water is safe for human consumption. The DWD sets maximum levels for a range 



of contaminants, including heavy metals, pesticides, and microorganisms. Minimum 



requirements for “Total PFAS” and “Sum of PFAS” as described in the Directive, are 



respectively 0,50 μg/l and 0,10 μg/l. It is important to understand that PFAS which may 



be measured in the water have no relation with the technology used to treat the water 



and here more specifically with PVDF UF membrane. 



● Urban Wastewater Treatment Directive 91/271/EEC (“UWWTD”)10: This Directive sets 



standards for the treatment of urban wastewater to protect the environment and public 



health. The UWWTD requires all EU Member States to provide adequate treatment for all 



urban wastewater and to ensure that it is disposed of safely. The EU authorities are 



currently working on the revision of this Directive (Urban Wastewater Recast) which will 



come up with broader wastewater collection and tighter discharge limits. Among other, 



the following main measures will be progressively applied until 2040:  



o Nutrient releases will be further reduced with more stringent discharge limits values 



for nitrogen and phosphorus. These new standards will be systematically applied to 



all larger facilities above 100,000 p.e. (~ 20 million litres per day) but also in all 



facilities above 10,000 p.e.  (~ 2 million litres per day) located in areas where 



eutrophication remains an issue (vast majority of inland discharge).   



o New limit values will be established for micro-pollutants that require additional 



treatment. This would apply first for all large facilities and then for facilities above 



10,000 p.e. (~2 million litres per day) where there is a risk to the environment or 



public health on the basis of clear and simple criteria. (based on monitoring results in 



discharge area).  



To meet these new limits, the Directive Recast requires the implementation of tertiary 



treatment for nitrogen and phosphorus objectives and quaternary treatment for 



micro-pollutants objectives.  



o In addition, Member States shall systematically promote the reuse of treated 



wastewater from all urban wastewater treatment plants. The implementation of Water 



 
7 Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX %3A02000L0060-20141120  



8 Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX %3A02006L0118-20140711  



9 Available at: https://eur-lex.europa.eu/eli/dir/2020/2184/oj  



10 Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX %3A01991L0271-20140101  
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Reuse is supporting European Green Deal (EGD) objectives and EU ability to respond 



to the increasing pressure on water resources. 



● Regulation (EU) 2020/741 on minimum requirement for water reuse (“Water Reuse 



Regulation/”WRR”)11: This Regulation lays down minimum requirements for water 



quality and monitoring and provisions on risk management, for the safe use of reclaimed 



water in the context of integrated water management. The purpose of the WRR is to 



guarantee that reclaimed water is safe for agricultural irrigation, thereby ensuring a high 



level of protection of the environment and of human and animal health, promoting the 



circular economy, supporting adaptation to climate change, and contributing to the 



objectives of the WFD by addressing water scarcity and the resulting pressure on water 



resources, in a coordinated way throughout the Union, thus also contributing to the 



efficient functioning of the internal market. 



● Bathing Water Directive 2006/7/CE (“BWD”)12: The purpose of this Directive is to 



preserve, protect and improve the quality of the environment and to protect human 



health by complementing the WFD and is applicable to any element of surface water 



where the competent authority expects a large number of people to bathe and has not 



imposed a permanent bathing prohibition, or issued permanent advice against bathing 



(hereinafter bathing water).  



● Industrial Emissions Directive 2010/75/EU (“IED”)13: This Directive requires all EU 



Member States to ensure that industrial activities are subject to integrated pollution 



prevention and control, with the aim of preventing and reducing pollution and protecting 



the environment. 



Water and wastewater treatment plants using PVDF UF membranes play a key role in the EU’s 



strategy and in the implementation of the above Directives/Regulations in order to ensure the 



availability of a sufficient level of good quality water for all legitimate uses. As such, PVDF UF 



membranes participate to provide EU citizens with an essential service. Their need is expected 



to increase in the future, particularly in the EU, due to several factors14 including:  



● The need for cleaner and safer water is increasing. PVDF-based UF membranes achieve 



the highest level of water purification including eliminating particles, pathogens 



(parasites, bacteria, and viruses), microplastics and combined with adsorption removes 



micropollutants (such as pesticides, pharmaceuticals, PCPs, EDs) and microplastics. 



These membranes ensure removal of all solids with a diameter larger than in the range 



of 10 nanometers.  



● As populations continue to grow and urbanize, suitable water and wastewater treatment 



infrastructures need to be in place for ensuring that communities in urban areas have 



access to clean water and surrounding water bodies remain safe and protected. In this 



regard, the generally low space availability and zero net artificialization (the aim to 



suspend any net increase in the total amount of artificial surfaces) of urbanized areas 



present important aspects to be considered. PVDF-based UF membranes enable 



construction of treatment plants with lowest possible spatial requirements (= low 



 
11 Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX %3A32020R0741  



12 Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX %3A02006L0007-20140101  



13 Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX %3A02010L0075-20110106  



14 https://apps.who.int/gb/ebwha/pdf files/WHA72/A72 R7-en.pdf  
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footprint) while delivering high quality water. This ensures lower environmental impact 



of treatment plants and thus improved land use in dense/urban areas. 



● Climate change is expected to have a significant impact on water resources in the future, 



leading to changes in water quality and availability. The versatility of PVDF-based UF 



membranes allow municipal and industrial DUs to cope with variability of water qualities 



and are recognized as a leading technology for water reuse. 



● For municipalities, the more stringent limits for nutrients and micro-pollutants in 



wastewater are critical in terms of treatment technology selection. To reach these 



objectives, a separation step acting as tertiary treatment – see chapter 5.3 -must be 



implemented to block particulate pollution. PVDF-based membrane bioreactor (“MBR”) 



combines secondary and tertiary treatment in one simple process step. PVDF-based UF 



membranes remain today the most effective way to block particulate pollution. 



Concerning micro-pollutants, here as well PVDF-based UF membranes play a critical role 



either by addition of absorptive media (e.g. powdered activated carbon) as part of the 



MBR to remove micro-pollutants directly or as a highly effective means to remove all 



particulate pollution to eliminate interferences to effective quaternary treatment (e.g., 



reverse osmosis, granular activated carbon).   



● For industry, wastewater treatment for reuse is among the key topics to ensure 



sustainable manufacturing and to compensate for the projected future water shortage. 



Here as well, the versatility of the PVDF-based UF membrane allows to cope with a very 



wide range of industrial water qualities and is recognized as a leading technology for 



water reuse. Logically, industrial water use is interlinked with the water supply for other 



users. 



● As a leading technology for implementation of water reuse in both municipal and 



industrial sectors, PVDF-based UF membrane contributes to reducing the impact of 



climate change (addressing water shortage) and supporting the advancement of the 



circular economy. 



The huge benefit of PVDF UF membranes is that they provide a unique combination of 



performance (removal of a broad range of contaminants) and cost-efficiency (long lifetime, low 



footprint/spatial requirements, cost competitiveness). Therefore, their use is key to counteract 



the above-mentioned factors which will not only become relevant in the future but are already 



fully applicable now. 



5.2. The value chain of PVDF UF membranes 



In accordance with the economic forecasts and the societal need (see section 5.1), membrane 



manufacturing is one of the fastest growing segments in the global water industry. In 2022, the 



global market for microfiltration (“MF”) and UF membranes used in water and wastewater 



treatment was estimated at EUR 1.5 billion15 and is expected to annually grow by 6 % until 



2027. The corresponding market in the EEA is estimated to be approximately EUR 170 million 



with an annual growth rate of 4 % (Global Water Intelligence Data (GWI), 2023). 



Polymeric membranes represent around 90 % of this market value, whereas ceramic membrane 



solutions only make up less than 10 %. Among the polymeric membranes, 70 – 80 % are PVDF 



 
15 Note: Exchange rate of USD 1 = EUR 0.916911, as of April 10, 2023. 
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membranes. Additionally, the vast majority of MBR used in the treatment of wastewater are 



made of PVDF (Global Water Intelligence Data (GWI), 2023). 



The market sizes mentioned above only include the sales of individual membranes themselves. 



Typically, suppliers of PVDF membranes (including ) deliver complete membrane systems 



comprising of membranes, mechanical and electronic components (i.e. pipes, pumps and skids), 



and instrument control components (i.e. meters). The market size of complete membrane 



systems is thus estimated to be three times the membrane market, valued at approximately 



EUR 510 million annually in the EEA (Global Water Intelligence Data (GWI), 2023). 



Strong know-how, manufacturing skills and integrator networks in Europe contribute to  



leading role in the industry for PVDF UF membranes. 



5.2.1. Key actors within the value chain of PVDF UF membranes 



The value chain of the PVDF UF membranes constitutes the following stakeholders: 



Direct and indirect suppliers of input material for the assembly of the membranes form an 



integral part of the supply chain. , for instance has a total of  direct and  indirect 



suppliers in the EEA, amounting to a total annual spend of approximately EUR  million16 on 



these suppliers. 



Original equipment manufacturers (“OEMs”) (such as  and its  product line) 



that design, manufacture and sell PVDF UF membranes to be used by customers for water and 



wastewater treatment applications. To assess if this water filtration technology applies to the 



needs of the respective customer, the support of consultants, engineering firms and internal 



resources is required.  has application specialists to support customers in the design and 



integration of the membranes into an overall treatment solution. Additionally,  offers 



engineering services to support customers with detailed process design, project management, 



and mechanical and electrical engineering.  services team provides support for installation 



and commissioning of the membranes and ancillary equipment, as well as ongoing servicing 



during the operating life of the plant. 



Next, the DUs purchase PVDF UF membranes for different uses, which broadly fall under the 



four Applications, introduced in chapter 2.  can deliver either individual membranes or 



complete systems that include a range of other key components.  



DUs that use PVDF UF membranes comprise an array of sectors. For instance, Figure 1 presents 



the share (in %) of all customer segments in ’s total PVDF-dependent sales revenue in the 



EEA. The most dominant customer segment is clearly the treatment of urban wastewater (  



%). This is followed by customers from the general industry (  %), chemicals & pharma (  



%), and oil & gas (  %) where the treated wastewater is reused for industrial processes. 



Additionally, municipal drinking water constitutes  % of ’s revenue share. Other 



customer segments include the food & beverage, pulp & paper, microelectronics and power 



industry for industrial process water.  



 
16 Note: Exchange rate of USD 1 = EUR 0.912507, as of May 9, 2023. 
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End-users constitute citizens, municipalities and industries that rely on the treatment of water 



and wastewater applicable for the customer segments described in Figure 1. As emphasized 



before, the two largest customer segments are the treatment of Urban Wastewater (Application 



4) and Industrial Wastewater (Application 3)17.  



The main source of urban wastewater is domestic use, which is treated in WWTPs before being 



discharged in surface water bodies. Additionally, wastewater is produced during industrial 



activities. For reuse of industrial wastewater, strict specifications apply. This reused water is 



commonly called reclaimed water. Reclaimed water in the industrial context has several benefits, 



such as reducing the need of and thus also the costs of fresh water, lowering the environmental 



impact and meeting regulatory standards by reducing discharges. Moreover, reclaimed water 



can also be used for environmental enhancement, namely, to maintain river flows during hot 



periods or to supplement water in lakes and wetlands as a measure to preserve biodiversity 



(EIB, 2022).   



In a global context, the largest part of reclaimed water is used for agricultural irrigation (32 %) 



(EIB, 2022). Especially, in times of increasing water scarcity and changing climatic conditions, 



this reuse is becoming steadily relevant. Another common reuse is for the irrigation of urban 



landscapes (20 %), such as parks, gardens and sports fields, as well as for the cleaning of 



streets. This is closely followed by using reclaimed water for industrial purposes (19 %), as for 



example in the manufacturing of textile, the production of paper, and heating or cooling 



processes (EIB, 2022).     



Besides the use of reclaimed water, industries need to produce process water for the 



performance of industrial activities and in certain sectors, such as in the production of food and 



beverages, chemicals and pharma, fuel and energy production, for instance (Application 1).  



 
17 See definitions in Glossary. 
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Another end-use is the supply of safe drinking water for public communities (Application 2).  



In Figure 2 below, the distribution of significant applications or end-uses for ’s DUs, broken 



down by their share (in %) in ’s total PVDF-dependent sales revenues can be found. It 



clearly shows that the treatment of Industrial Wastewater and the treatment of Urban 



Wastewater are by far the two most important applications where  



 



 



 



FIGURE 2: DISTRIBUTION (%) OF 'S DU'S APPLICATIONS BY 'S PVDF-DEPENDENT REVENUES. 



Consequently, the use of water and wastewater for all of these applications intensifies the need 



to protect its quantity, as well as quality. Therefore, effective wastewater treatment is as 



important as ever, wherein, membrane filtration technology, and in particular UF, plays a crucial 



role. As previously mentioned, PVDF is one of the most used materials for these UF membranes.  



5.2.2. Competition landscape of PVDF UF membranes 



Besides ,  and  are main PVDF membranes 



suppliers within the EEA. These companies supply PVDF membranes for industrial process water, 



municipal drinking water, as well as urban wastewater (tertiary and MBR applications).  



Considering that  is the only  facility to produce PVDF UF membranes for global 



distribution, a total of EUR  million in sales revenue was generated at this site in  in 



202218. In addition, in 2022,  generated PVDF-related revenues of EUR  million on a 



global scale from sales of PVDF membranes, related equipment and services which is an 



important part of  total annual sales revenue. Within the EEA, sales revenue amounted to 



EUR  million in 2022 for PVDF membranes sales, related equipment and services.  The financial 



figures for  are provided in Appendix 1: Financial figures for . These figures are 



 
18 Note that there is also a production site in , China for Asian-based customers which is supplied by the 



 unit with membrane fibre for final assembly into modules. 
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expected to grow in the next three years driven by strong macro trends such as urbanization 



and related population growth, climate change, sustainable industry and stricter water quality 



parameters. 



According to ’s estimations,  generated annual revenues of EUR 75 



million and  of EUR 60 million in 2022 in the EEA from PVDF membranes. As 



these two companies do not manufacture within the EEA, they respectively only employ 25 - 50 



people in the EEA. However, they supply their technology to many European countries. Some 



other Tier 2 competitors with manufacturing sites in the EEA are , , 



,  and with respective sales revenues of EUR 15 million or less in 2022.  



In the EEA, approximately  PVDF UF membrane installations were reported by the end of 



2022, with nearly  % ( ) constituting  PVDF ( ), treating more than  



MLD. The remaining installations (around ) are from all other PVDF membrane suppliers19.  



As  has about the same number of installations as all of its competitors together in the 



EEA, the company leads the membrane industry with the world’s largest capacity for membrane 



manufacturing.  employs the industry’s most advanced manufacturing techniques, which 



enable the production of top-quality membranes with maximum efficiency. Based on ’s 



PVDF-dependent sales revenues, the biggest market for PVDF UF membranes within the EEA 



exists in Italy (  %). This is followed by France with  % and Sweden with  % shares. Other 



relevant markets are Belgium, Spain, Portugal, Ireland, and Germany. 



 



5.3. Description of PVDF UF membranes, their mode of action and 



important advantages  



Manufacturing, setup, and filtration principle of PVDF membranes 



 produces its PVDF membranes in a proprietary manufacturing process. As a general 



description, PVDF powder is dissolved in an organic solvent, then extruded through a nozzle into 



an aqueous bath followed by a rinsing bath. The membrane formation happens in an aqueous 



solution. PVDF is the essential material of choice as it has the best chemical resistance and 



mechanical properties of polymers that can be dissolved in organic solvents. The final product is 



a hollow-fiber membrane string that is arranged with many additional strings into a UF 



membrane module. Membrane modules are further arranged into membrane cassettes and 



finally into complete treatment units (process trains). For a graphical illustration please refer to 



Figure 3 and Figure 4. 



 
19 Please note that no competitors were contacted for this assessment. This assumption is purely based on ’s 



current knowledge of the subject matter. 
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FIGURE 3: HOLLOW-FIBER MEMBRANE STRING (LEFT), ARRANGEMENTS OF STRINGS (RIGHT). 



 
FIGURE 4: BREAKDOWN OF TREATMENT UNIT. 



 offers different PVDF UF membrane products. These products differ in a variety of 



characteristics, such as filtration mode, dimensions, etc. The membrane modules can be used 



in a submerged mode of operation where the water is sucked under vacuum through the 



separating layer (see Figure 5) or in a pressurized mode where the water is forced under 



pressure to pass the separating layer (see Figure 6).  



 



FIGURE 5: ILLUSTRATION OF VACUUM-DRIVEN MEMBRANE APPLICATION. 
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FIGURE 6: ILLUSTRATION OF PRESSURE-DRIVEN MEMBRANE APPLICATION. 



In both modes of operation, the water is filtered from the outside to the inside of the hollow fiber 



membrane and the clean water permeate is collected in a permeate header. The water flow of 



outside-in membranes is illustrated in Figure 7. For cleaning during operation, air is introduced 



at the bottom of the membrane modules to create turbulence along the membrane surface. 



Rising air bubbles, along with a feed flush of the membrane modules, scour and clean the outside 



of the membrane fibers, maximizing membrane performance. For certain applications, strong 



chemicals (e.g. sodium hypochlorite) are used for cleaning of the outside of the membranes. 



 
FIGURE 7: ILLUSTRATION OF WATER FLOW WITH OUTSIDE-IN HOLLOW FIBER MEMBRANES. 



 manufactures the following types of PVDF membranes:  



. The three types of membranes share the same key functionalities and can 



be used for all four Applications. Additional -type membranes may be 



developed/marketed in the future.  
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through the sand bed exceeds a defined value or causes a reduction in water flow, sand 



filters are backwashed to remove the accumulation of trapped materials. 



6. Disinfection: the filtered water is disinfected by adding chlorine or ozone in a contact 



tank. A final dosing of chlorine is required to maintain a disinfectant residual in the 



distribution system to prevent regrowth of bacteria and other harmful pathogens. 



7. Storage and distribution: purified water is stored and/or distributed to end-users 



(municipalities or industry). 



 



FIGURE 8: SCHEMATIC OF CONVENTIONAL WATER TREATMENT PLANT. 



The use of PVDF UF membranes for the treatment of water for either municipal drinking water 



or for industrial process water, provides the following benefits: 



● Reduction or elimination of pre-treatment chemicals. 



● Elimination of coagulation and flocculation basins. 



● Elimination of sedimentation basins. 



● Replacement of sand filtration with a physical barrier so that contaminants are not subject 



to process upsets or operator error. 



● Reduction or elimination of post-disinfection. 



The use of PVDF UF membranes significantly eliminates the need for adding coagulants and other 



pre-treatment chemicals that are necessary in conventional treatment for aggregating small 



particles into larger particles that can be removed by gravity settling or by entrapment during 



granular media filtration. In some cases, coagulant can still be added during membrane 



treatment to destabilize dissolved organic matter present in raw water for colour removal and 



reduction of potential disinfection by-products. PVDF UF membranes eliminate the need for 



flocculation and sedimentation basins, as well. The large footprint occupied by the granular 



media filters is also replaced with the smaller footprint of the PVDF UF membrane systems: 2 to 



4 times smaller. Post filtration disinfection can also be eliminated, and dosing of residual 



disinfectant reduced due to higher quality of finished water provided by membrane treatment. 
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Overall, the footprint of a PVDF-based UF membrane system can be 4 to 5 times less compared 



with a conventional treatment process. 



Wastewater treatment: stages of treatment, MBR and advantages of UF membranes  



Wastewater treatment is typically divided into four main categories: primary, secondary, 



tertiary, and quaternary treatment. Each of these treatment processes is designed to remove 



different types of contaminants and impurities from the water:  



● Primary treatment: The primary treatment process involves physical and/or chemical 



processes that remove solids from the wastewater. This is typically done using 



sedimentation tanks that separate solids from the wastewater. The primary treatment 



process removes at least 50 % of the total solids in the wastewater. 



● Secondary treatment consists of the following sub-treatments that are operated in a 



loop:  



o Biological treatment: The biological treatment process involves biological processes 



that break down dissolved and suspended organic matter in the wastewater. This is 



typically done by introducing microorganisms, such as bacteria, to the wastewater, 



which consume the organic matter and convert it into a form that can be removed 



from the water. 



o Secondary Clarification: The secondary clarification treatment process involves 



separation of the suspended solids and biomass from the wastewater. In 



conventional processes this separation is done by gravity settlers where the solids 



settle to the bottom and the clarified water overflows through troughs at the top. To 



avoid significant loss of the suspended solids, the biological process and secondary 



clarifiers must be operated at a suspended solids concentration typically lower than 



5,000 mg/l. In MBR, the separation is carried out by the membranes. Since PVDF-



based UF membranes provide a physical barrier to prevent loss of suspended solids, 



in this case the biological process can be operated at higher suspended solids 



concentrations, 8,000 mg/L or more, thus allowing a much more intensive biological 



treatment process and therefore smaller footprint. Additionally, the PVDF-based UF 



membranes themselves occupy significantly less space than secondary clarifiers. 



Therefore, the overall space required for the membrane bioreactor process with 



PVDF-based UF membranes is at least 4 times less than for conventional treatment.  



● Tertiary treatment: The tertiary treatment process involves use of filtration (e.g., sand 



filtration, membranes) or physico-chemical treatment to further remove solids and 



contaminants from the clarified effluent (predominantly nitrogen, phosphorus and 



pathogenic microbes). This type of treatment is frequently used in wastewater reuse 



applications. 



● Quaternary treatment: The quaternary treatment process involves additional 



treatment processes targeting a broader spectrum of contaminants, such as advanced 



filtration (reverse osmosis) to remove any remaining dissolved constituents from the 



treated water or adsorption with activated carbon to remove further organic compounds. 



This type of treatment is typically used in wastewater reuse applications. 



The extraordinary benefit of wastewater treatment with ’s PVDF UF membranes is the 



combination of secondary and tertiary treatment to one single treatment process (i.e. the MBR 



treatment). This makes the wastewater treatment very compact and efficient (low space 



requirement, high treatment capacity) and effective (removal of contaminants). This has a high 
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value especially in population dense areas where integration and reduction of impacts (low 



spatial requirements) are key. When stringent effluent requirements are needed (tighter 



nitrogen and phosphorus target, pathogens removal, reuse objectives), the implementation of a 



tertiary water treatment is mandatory. Membrane solutions have strong benefits in this case due 



to the membrane's “barrier effect” providing superior water quality for tight discharge or for 



reuse water quality objectives. 



MBRs offer several advantages over traditional wastewater treatment systems. Due to the 



physical barrier offered by membranes compared to conventional clarifiers, MBRs can be 



operated at higher biomass concentrations without risk of biomass loss. This allows for a more 



effective treatment process with improved removal of organic matter and nutrients (nitrogen 



and phosphorus). In addition, MBR provides improved water quality compared with conventional 



treatment (low effluent turbidity, ability to meet most stringent targets for effluent nutrient 



levels, removal of other contaminants, such as viruses, micropollutants and microplastics).  



PVDF is the essential membrane material within the high-fouling, high-solid MBR environment 



due to its chemical stability/inertness, mechanical properties (mechanical strength, wear 



resistance and flexibility) and ability to tolerate up to 1 million ppm-hours of chlorine, which 



allows the membrane to be cleaned frequently (daily maintenance cleaning - 200-400 ppm; and 



bi-yearly recovery cleaning - 1,000 ppm). 



5.4. Key performance functionalities provided by PVDF UF 



membranes for the four (waste-)water treatment applications in 



scope of this AoA 



The key performance functionalities of PVDF-based UF membranes that are required for all four 



water and wastewater Applications in scope of this AoA are described in detail below. Notably, 



any alternative membrane must fulfil the entire set of key performance functionalities to be 



considered a one-to-one replacement for PVDF-based UF membranes. 



1. Low spatial requirements (small footprint of treatment plant) 



The UF membranes allow to build water / wastewater infrastructures with limited footprint. This 



is applicable for new facilities providing additional treatment capacities (water volume treated 



per day) and also for extension of existing facilities facing increasing demand / new treatment 



requirements. This key performance functionality is required for dense population area, complex 



site topography where suitable available land is scarce. It avoids reconstruction of infrastructures 



outside of densely populated areas and related complex network installations. It allows a 



complete integration of the infrastructures with the surrounding environment. The combinability 



of treatment steps (membranes combining clarification and filtration for drinking water, MBR 



combining secondary and tertiary water treatment steps for wastewater) further enhances the 



footprint reduction of treatment plants. This possibility significantly lowers spatial requirements 



of the entire treatment plant and thus lowers costs for DUs (lower construction costs, lower 



operating costs, more flexibility for adaptations of existing plants, reduced planning/ 



construction time, etc.). Figure 9 is showing an example of MBR upgrade providing 1.75 times 



the initial flow capacity in one half the space. 
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FIGURE 9: EXAMPLE OF WWTP FOOTPRINT OPTIMISATION - 42 MLD FOR UPGRADE AND 24 MLD FOR 



CONVENTIONAL EXISTING LINE. 



2. High chemical stability  



High chemical stability of the membrane material is required for the resistance to a wide range 



of operating conditions linked to the applications. This enables membrane usage in applications 



with aggressive media (e.g. presences of various chemicals in the feed waters, cleaning agents, 



etc.). The chemical stability of a membrane material is described by: 



● Resistance to harsh chemicals: 1,000,000 ppm x h sodium hypochlorite (NaOCl) 



exposure for membrane cleaning. NaOCl is a critical chemical that needs to be used for 



removing organic constituents and membrane disinfection.  



● Inert properties: no reaction with media & no leaching ensures suitability for stringent 



criteria for use in drinking water and for wastewater applications with presence of biomass 



and potential presence of aggressive compounds like organic solvents. PVDF-based UF 



membranes are suitable to comply with stringent drinking water and wastewater 



Directives and Regulations (see chapter 5.1) 



Importantly, high chemical stability results in long membrane lifetimes of 10 - 20 years 



(depending on application) which increases sustainability (less raw material consumption / less 



waste) of the industry sector and lowers costs for membranes for the DUs. 



3. Fouling resistance 



Resistance to fouling caused by inorganic and organic constituents that interact with and stick 



to the surface of the membranes. Natural organic matter, biological substances, surfactants, oil 



& grease, and other industrial compounds can foul membranes. This is especially important in 



MBR applications and especially critical for the treatment of industrial wastewater. 



4. Mechanical properties 



The membrane material needs to have strong mechanical properties to withstand the mechanical 



impacts that occur during application. The mechanical properties of a membrane material are 



described by: 
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● Membrane materials need to have high tensile strength and high flexibility to withstand 



stretching or pulling movements during applications: Elongation at yield > 25 % (ASTM 



D638); Tensile modulus <2200 MPa (ASTM D638). This property allows it to cover a wide 



range of solids loading among applications which require implementation of air bubbles 



rising outside of the membrane to avoid solids accumulation.   



● Membrane materials need to have high wear resistance to withstand impact by abrasive 



particles during applications (sandblasting effect). The lifetime requirement is >10 years. 



Importantly, high chemical stability and good mechanical properties result in long membrane 



lifetimes of 10 - 20 years (depending on application) which increases sustainability (less raw 



material consumption / less waste) of the industry sector and lowers costs for membranes for 



the DUs. The durability of the membrane material allows to reduce heavy maintenance operation 



for membrane replacement typically including isolation of process train, emptying and cleaning 



membranes receiving tank, disconnecting cassettes / modules, replacing modules, implement 



start-up procedures and prepare modules for proper disposal. 



5. Separation and removal capacity  



The membranes need to be suitable to simultaneously remove several pollutants: particles, 



pathogens (bacteria, giardia, Cryptosporidium viruses, etc.), colour, small organic compounds , 



microplastics. The separation and removal capacity of a membrane material are described as 



follows: 



For physical separation, the membranes need to have an optimal barrier effect. This is the ability 



of membranes to selectively separate different substances based on their pore size (10 to 50 



nanometres for ultrafiltration membranes). Membranes act as physical barriers that allow certain 



substances to pass through while blocking others. This functionality is highly interlinked with 



chemical stability and mechanical properties. Any damage of the membrane reduces its barrier 



effect and thus quality of filtered water. In turn, this can negatively impact the health of the 



public or the environment.  



6. Low use of treatment chemicals  



PVDF-based UF membranes do not require use of chemicals during the filtration process as is 



the case for conventional treatment (clarification and sand filtration). This is important for 



municipal and industrial infrastructures as it minimises risks due to the supply, transportation, 



and storage of these chemicals (e.g. iron chloride, aluminium sulphate, organic polymer 



flocculants, etc.) and allows sustainable disposal of residual solids from the treatment process. 



For example, a drinking water plant with a capacity of 50,000 m3/day and a conventional 



treatment can typically use one tonne per day of iron chloride and generate 0.5 - 1 tonnes per 



day of residual solids to be specifically handled.
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5.5. Annual volume of the SVHC used 



The overall assessed tonnage is 50 – 500 ( ) tons PVDF/year. Table 2 below illustrates the development of the annual tonnage over the 



length of the substitution timeline (until 2040) under consideration of the positive impacts of ’s recycling process. 



TABLE 2: ANNUAL TONNAGE DEVELOPMENT 2022 - 2040. 
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5.6. Efforts made to substitute/reduce PVDF use and 



environmental impact 



 is committed to reduce the company’s impact on the environment caused by the 



manufacturing and EOL of the PVDF membranes. This is in accordance with ’s Purpose to 



contribute to human progress by firmly committing to the Sustainable Development Goals set 



by the UN to achieve a better and more sustainable future for all20. To achieve maximum success, 



’s strategy for safe and sustainable design of membranes is divided into four parts: (i) R&D 



on alternative membrane materials, (ii) reduction of PVDF consumption by improved membrane 



manufacturing process, (iii) recovery of PVDF from end-of-life (“EOL”) membranes, and (iv) 



incineration of EOL membranes (not suitable for PVDF recovery process). Detailed information 



on the activities (incl. timeline) and targeted results are provided in the following chapters.  



5.6.1. R&D on alternative materials – Technical limitation to replace PVDF in 



membrane formulations 



R&D on hollow fiber membranes has been ongoing since the mid-1980s. In the early 



development of the outside-in hollow fiber membrane, PVDF was selected as the membrane 



material due to its unique characteristics such as mechanical properties (elongation and 



flexibility), wear resistance, resistance to harsh chemicals, resistance to fouling, etc. (see 



chapter 5.4). In the past 30 years  has further improved their PVDF membranes through 



continuous R&D efforts. Currently,  has an R&D team of  employees including scientists, 



engineers and technicians dedicated to the development of new hollow fiber membrane products 



and supporting the manufacturing of these products. In addition,  draws on the broader 



resources of the company’s scientific experts, academic partner institutions  



          and 



industrial collaborations (e.g., ).  



In 2022,  kicked off an initial investigation to compare PVDF and PES to better understand 



the performance gaps between membranes produced from these two polymers. Since the 



mechanical properties (elongation, flexibility) of PES are similar to many other existing polymers 



that can be considered for the production of membranes (e.g., chlorinated CPE, PAN); this 



evaluation provided an overall view of how an outside-in membrane using an alternative to PVDF 



will perform in the application.   



For the performance investigation, a PES membrane was produced on ’s pilot line. 



Subsequently, a -specific standard accelerated life-expectancy test was conducted to 



compare the PES versus PVDF membrane. In this test PVDF reached 20 simulated-years (test 



stopped once 20 simulated-years are reached) whereas the PES membrane began to show 



cracking and damage already after 1.5 years (see Figure 10). 



Additionally, in a recent set of experiments (May 2023),  carried out bench-scale fatigue 



testing of hollow fibres made from PVDF, PES, PVC (CPE) and PAN. Testing involved a custom 



test unit with individually mounted membrane hollow fibres that were subjected to high 



frequency bending in order to compare the relative mechanical performance of the different 



membrane materials. Note that the testing was conducted under highly accelerated conditions 



using PVDF as a benchmark for comparison. Table 3 further demonstrates the significant gap 



between the mechanical performance of PVDF and all other materials. It should also be noted 



 
   

















ANALYSIS OF ALTERNATIVES and SOCIO-ECONOMIC ANALYSIS 



 
No copying/use allowed – property of  



40 



 



5.6.2. R&D efforts to reduce raw material consumption and carbon emissions 



 has several ongoing projects to reduce the amount of new PVDF raw material used in their 



membrane production. Besides reducing raw material consumption, two other important drivers 



for these efforts are the reduction of cost and carbon footprint. 



 



             



 



 



 



 



 



 



 



 



 



  



  



 



 



          



 



 



 



Membrane recycling to recover PVDF (see separate item for details) 



Details on the work related to recycling of EOL membranes are provided below.  has an 



ongoing collaboration with  to recover PVDF from EOL membranes and 



subsequently use this recovered PVDF in the manufacturing of new membranes. The company’s 



target is to use 30 - 35 % recycled PVDF by 2030. 
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FIGURE 11: PVDF USAGE AT THE  MANUFACTURING PLANT. 



 



 



 



 



FIGURE 12: CO2E CONTRIBUTION FROM PVDF + NMP (EMISSION FACTORS: 14.2 CO2E/KG PVDF, 4.6 



CO2E/KG NMP (SOURCE: ECOINVENT 3.7.1). 











ANALYSIS OF ALTERNATIVES and SOCIO-ECONOMIC ANALYSIS 



 
No copying/use allowed – property of  



42 



 



5.6.3. R&D efforts to recover PVDF from EOL membranes 



 sees a good opportunity to recycle PVDF from EOL membranes. For this, a recovery 



process needs to be developed that delivers high purity PVDF that can be used in the production 



of new membranes. 



In 2020 21 started collaborating with the company-internal  



 to investigate the applicability of recycled PVDF from 



EOL membranes. In this collaboration  was responsible for the establishment of the 



purification process and  investigated the usability of the recycled PVDF material in the 



production of new membranes. EOL membranes were transferred to  from various 



treatment plants to cover different applications and membrane conditions (e.g. level of fouling, 



contaminants, etc.). The membranes were cleaned using a proprietary methodology. The 



recycled PVDF was formulated in different ratios with new PVDF and new hollow fiber UF 



membranes were formed. The different membrane recipes were characterized for their 



properties. The outcome of the work on laboratory scale was that not more than  



recycled PVDF can be used to keep the desired membrane product properties.  



Since 2021,  is working in collaboration with  to further develop 



this purification process toward pilot and subsequently industrial scale.   



FIGURE 13: TIMELINE FOR  &  COLLABORATION. 



The main issue regarding the PVDF recovery process is that EOL membranes are fouled with a 



variety of inorganic particulates, organic products, and metal precipitates. To recover the PVDF, 



 and  are working on a two-step process involving (1) removal of contaminants by 



washing and (2) solvent dissolution and PVDF recovery by re-crystallization. The washing step 



is aimed at removing the contaminants from the membrane using a combination of different 



cleaning agents. The second step involves a special process whereby the washed membrane is 



dissolved in an organic solvent and the PVDF is re-crystallized to separate it from the other 



membrane constituents like membrane support material (e.g. polyester). Currently work is still 



being done at laboratory scale with small samples of EOL membranes. The purified PVDF is then 



used to produce membranes at pilot scale using different ratios of new and recycled PVDF. The 



membranes are characterised and compared with properties of membranes produced purely with 



new PVDF. To date, a ratio of  recycled PVDF in pilot scale membrane manufacturing is 



achieved.  



Based on a preliminary evaluation of the business case for recycling PVDF from EOL membranes, 



it was concluded that a minimum amount of roughly 500 tonnes/year of recovered PVDF would 



be needed to run an efficient and economic viable recycling operation.  has estimated that 



by 2030 it could be possible to recover approximately  of PVDF in Europe based on the 



 
21  at that time. 
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expected membrane replacements and assuming 90 % of membrane modules can be collected 



for recycling. It is expected that an additional  of PVDF could be recovered from North 



America for a total of  of recycled PVDF. This amount of recovered PVDF would represent 



 of the expected annual PVDF consumption for ’s  manufacturing plant. 



Based on this calculation, a 35 % target has been set for optimising the purification process. At 



least two additional years are required to confirm the feasibility of the 35 % target. However, 



the collaboration between  and  represents strong expertise towards this goal: 



’s mother company, , is a world leader in recycling and recovery business while 



 provides the expertise in chemical processing. Importantly, the recycling of PVDF will 



need to be extended to the EOL membranes of other PVDF membrane producers to achieve 



economy of scale for the collection and recovery of EOL membranes and use of recycled PVDF 



in new membrane production (around 500 t/y).   



The following chart lays out the estimated timeline to complete the R&D work, conduct pilot 



trials for EOL membrane collection and processing, development of robust business plan and 



make the investments required for large scale collection and processing. Based on this timeline 



it is expected that by 2030, the recycling of EOL membranes could reduce the reliance on new 



PVDF by up to 30 - 35 %.  



FIGURE 14: TIMELINE FOR IMPLEMENTATION OF EOL MEMBRANE RECYCLING. 



Potential PVDF emission by recycling 



Due to the very early stage of developing the recycling process no quantified estimations can be 



provided for potential PVDF emissions caused by it. Since the envisaged recycling of PVDF from 



EOL membranes involves a solubilisation / crystallisation step (see point (2) above) emissions 



cannot be excluded. However, since the recycling process is currently in the initial phase of 



development, potential PVDF emissions can be taken into consideration and appropriate RMMs 



can be implemented.  is committed to ensure no PVDF emissions during the recycling 



process.  



5.6.4. R&D efforts to incinerate EOL membranes 



Beside PVDF recovery,  is evaluating incineration of EOL membranes as an alternative 



disposal route to landfill. The company’s plan is to combine PVDF recovery and incineration to 



achieve the least possible environmental impact. Importantly, approximately 55 % of ’s 



customers located in the European Economic Area (“EEA”) are performing incineration already. 



Since disposal of EOL membranes is the customers’ responsibility, no information is currently 



available to  on applied incineration conditions (hazardous / non-hazardous), incineration 



efficiency / completeness of PVDF destruction and potential emissions of PVDF/PFAS incineration 



products via air and in ashes. However, with the efforts described below  is aiming to: 
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1) Investigate optimal incineration conditions to ensure the highest possible level of PVDF 



mineralisation (= incineration efficiency).  



2) Identify relevant RMMs for potential PVDF/PFAS incineration products emissions via air 



and in ashes.  



3) Transition remaining portion of customers (45 %) currently applying landfill to dispose 



EOL membranes to established incineration process. 



In this respect, points 1) and 2) will be applied to improve the current situation for the 55 % of 



customers that already apply incineration, if required. 



The challenge in this project is the fact that PVDF is the only fluorinated compound present in 



’s membrane modules (<  %) and only contained in the membrane itself. The rest of 



the module is made of other polymers either part of the membranes or part of the membranes’ 



holding pieces.  



To determine the proper conditions for incineration at industrial scale, an assessment at lab scale 



simulating membrane incineration under hazardous / non-hazardous incineration conditions is 



needed. This will be conducted by ’s Corporate Research Group 22. More precisely, this step 



will allow us to determine the right incineration temperature / retention time as a function of 



destruction objectives. To carry out this experimentation,  is working with its  



 



 In addition,  is in contact with the American Chemical Council 



(“ACC”) to collaborate on a program to carry out pilot scale tests followed by an industrial scale 



trial.   



The results from the industrial pilot scale will be aggregated with a global model including: 



● modules collection covering EEA, bringing the used modules to a conditioning site. 



● modules conditioning preparing the used modules for downstream treatment. 



● shipment and final disposal of conditioned modules at incineration facilities. 



 
FIGURE 15: TIMELINE TO REACH 100 % INCINERATION WITHIN THE EEA. 



 
22 Note:  is conducting at least two other planned studies on incineration of PVDF, at least one will also involve 



the incineration of EOL membranes. 
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Importantly, incineration is much more cost intensive compared to landfill. For comparison: 



● Non-hazardous landfill disposal cost: 60 to 100 EUR / ton 



● Non-hazardous incineration cost: 100 to 250 EUR / ton 



● Hazardous incineration cost (1100°C):  600 to 1000 EUR / ton 



These costs will need to be carried by DUs (water/wastewater treatment plants). For a medium 



size treatment plant an exemplary cost calculation is provided in the following: 



● Wastewater treatment plant with 15,000 m³/day capacity 



● Total membrane module mass: 13,000 kg 



● Minimum membrane life: 10 years  



● Landfill disposal cost at EOL: ~ EUR 1000 (transport not included) 



● Incineration cost at EOL: ~ EUR 11 000 (conditioning & transport not included) 



However, these additional costs on DUs side are not considered significant and therefore do not 



hinder ’s incineration strategy. As described in the beginning of this chapter, the company’s 



strategy is to achieve 100 % incineration under correct conditions and with least potential for 



environmental impact. 



5.6.5. Performance comparison of alternatives 



 has evaluated potential alternatives to PVDF-based UF membranes. The evaluation is 



based on experimental data, company and  Group expert knowledge gathered over 



decades. The assessment of alternatives is done by comparison of the critical performance 



criteria derived from the applications in scope of this report (see chapter 5.4). In Table 4, an 



overview on the technical performance (incl. colour-coded assessment) of relevant alternatives 



is provided. Importantly, to date, no alternative is available that can be used by the DUs as one-



to-one replacement to PVDF-based UF membranes in their specific applications.  



A general assessment of the availability, economic feasibility and hazard & risk of the alternatives 



is provided in the section below. 
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General assessment of availability and economic feasibility of alternatives 



All alternatives described in Table 4 are commercially available. However, due to technical 



limitations they are not considered technically suitable for one-to-one replacements in 



applications/plants specifically optimally designed with PVDF-based UF membranes. As 



described, a suitable alternative needs to be a one-to-one replacement to ensure optimal plant 



construction / plant operation without detrimental impact. 



Please note that in the event that the use of PVDF-based UF membranes would be restricted 



without the requested 15.5-year derogation (calculated from EiF in 2025, see chapter 6.1.1) the 



EU society and industry would be heavily impacted. This is because on the one hand, existing 



water/wastewater treatment plants designed for using PVDF-based UF membranes would not 



have a 1-to-1 replacement and therefore could not treat the required flow and quality and on 



the other hand, the construction of new water/wastewater treatment plants relying on the unique 



performance functionalities of PVDF-based UF membrane technology  (see chapter 5.4) simply 



could not be built at required places.  



In case of restriction, the following theoretical scenarios apply: 



● Scenario 1: where technically possible, heavily re-construct existing treatment plants to 



enable other treatment technologies/membranes. Importantly, this option involves 



building of additional treatment lines since the treatment capacity (water volume treated 



per day) of plants applying PVDF-based membranes cannot be fully compensated within 



the existing footprint by any alternative and related re-construction measures (see Table 



4– critical function 1). Re-construction and construction of new treatment capacities is 



estimated to take between 5 to 7 years (including obtaining permits and the conduct of 



public procurements procedures) and requires a substantial investment per plant: 



o Small (≤ 1,000 m³/d plant capacity): Up to EUR 2 million 



o Medium (> 1,000 to ≤ 10,000 m³/d plant capacity): EUR 2 to 10 million 



o Large (> 10,000 to 100,000 m³/d plant capacity): EUR 10 to 70 million 



● Scenario 2: to build new treatment plants to compensate for treatment capacity loss 



from implementation of other treatment technologies / alternatives. With all necessary 



steps (finding land, authority approval, construction, etc.) building a new treatment plant 



takes 5 - 7 years and requires a substantial investment per plant: 



o Small (≤ 1,000 m³/d plant capacity): Up to EUR 5 million 



o Medium (> 1,000 to ≤ 10,000 m³/d plant capacity): EUR 5 to 25 million 



o Large (> 10,000 to 100,000 m³/d plant capacity):  EUR 25 to 250 million 



● Scenario 3: new water/wastewater treatment plants relying on the unique performance 



functionalities of PVDF-based UF membrane technology (see chapter 5.4) would be 



limited to such extent that they simply cannot be built at required places, e.g. cities where 



land is scarce and/or topology is complex, within the boundary limits of industrial sites. 



Where possible, construction of new water / wastewater infrastructures would require 



making complex and 1.5 to 2.5 times more expensive construction projects like 



underground and/or multi-floors treatment facilities. This is especially the case for 



publicly owned treatment plants since these additional costs are simply not justifiable to 



taxpayers.   
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Besides the risk of endangering water supply and safe water discharge in the EU, scenarios 1 



and 2 are clearly not considered economically feasible by ’s DUs. Please refer to the 



analysis ’s DUs survey for justification (see chapter 6.3).   



Concluding, the commercially available alternatives are not technically suitable as one-to-one 



replacements for ’s DUs. Due to their technical infeasibility as one-to-one replacement 



they are also not economically feasible as outlined in Scenario 1 and Scenario 2. 



General assessment of hazard & risk of alternatives  



Since there is currently no alternative material identified that has promising properties to 



become a one-to-one replacement no related hazard & risk assessment can be provided. In 



general, chemicals – especially new ones - and their hazards & risks are not always known. To 



prevent regrettable substitution  will therefore need to carefully approach substitution. 



Therefore, hazard and risk classification of potential alternatives will be part of initial R&D 



investigations. 
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6. SOCIO-ECONOMIC ANALYSIS 



6.1. Continued use scenario 



6.1.1. Substitution plan including best-case estimated timeline  



Based on their performance, comparison of other alternative membrane materials (see chapter 



5.6.5),  developed a best case estimated timeline to substitute PVDF-based UF 



membranes. The stages of the substitution timeline are described in the following. A graphical 



illustration is presented in Figure 16. 



Importantly, the substitution timeline is developed for the scenario of replacing the PVDF-based 



UF membranes one to one with an alternative-based UF membrane. The substitution timeline 



does not consider a switch to a completely different treatment technology. This is because PVDF-



based UF membranes currently offer the only available option for providing high quality treated 



water (meeting compliance obligations under EU legal requirements) in the small footprint 



required by relevant municipal and industrial DUs (see chapter 5.1).  



In addition, for existing DUs, once a specific plant setup is decided and constructed, little to no 



adaptations are possible regarding the core treatment unit. In other words, a plant designed for 



water/wastewater treatment via UF membranes will always rely on the usage of UF membranes 



and cannot simply switch to a completely different treatment technology. More specifically, in 



case a PVDF UF membrane is chosen, customers need to be able to replace the membranes with 



PVDF UF membranes once end-of-life (10 - 20 years) is reached. Otherwise, critical parameters 



like plant capacity (water volume treated per day) and water quality cannot be met. Notably, 



these parameters are pre-defined during plant design and need to be guaranteed throughout a 



plant’s service life (40 - 50 years). Besides technical arguments, costs are another important 



factor for customers. PVDF UF membranes have the best price-to-lifetime ratio available on the 



market.  



Stage 1: Development of new polymer / polymer blend with suppliers (≥ 4.5 years) 



This stage involves developing a new type of polymer system or special polymer-blend which is 



currently not available commercially. This requires close collaboration with external polymer 



researchers and consequently cooperation with a polymer manufacturer that would be able to 



market the new polymer system or polymer-blend. The goal of this stage is to develop a new 



polymer that matches the performance and characteristics of PVDF on laboratory scale (1 - 10 



kg). For this purpose, iterative development rounds involving synthesis of new polymers, testing 



of physicochemical properties (e.g. solubility, solution viscosity, flexural modulus, elongation at 



yield, stability to oxidation) and, based on test results, adaption of formulations need to be 



considered. Besides,  needs to manufacture actual UF membranes from the new polymer. 



This is required to further conclude on the new polymer’s technical suitability and its potential 



to be manufactured into a UF membrane. The key parameters shown in Table 5 will need to be 



evaluated for the produced membranes (Note: all parameters are linked to the performance 



requirements of PVDF-based UF membranes described in chapter 5.4). Throughout the 



development process, safety/toxicology/ecotoxicology criteria will be considered for new 



polymers and membrane production to prevent a regrettable substitution scenario.   
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TABLE 5: ASSESSMENT PARAMETERS OF STAGE 1. 



1 exposure for membrane cleaning (NaOCl is a critical chemical used for removing organic constituents and 
disinfection) 
2  standard accelerated test  



Based on the current stage of R&D,  estimates that at least 4.5 additional years are 



required to develop a new polymer formulation that can be investigated further in scale-up trials 



for polymer manufacturing.  



The work packages for this stage are defined as follows: 



● Q2 2023 to Q4 2023: Literature review & building of cooperations with external experts 



and polymer manufacturers  



● Q1 2024 to Q2 2026: Development of polymer blends and additives, evaluation of key 



parameters defined in Table 5 



● Q3 2026 to Q4 2027:  Lab scale membrane trials with polymer blends and additives to 



select membrane formulation alternatives 



Please note that R&D success is highly speculative and cannot be guaranteed. For this reason, 



 will continue with the search for additional candidates, even after starting pilot scale 



investigations with a certain polymer formulation. This process is required to have a backup 



solution in case of polymer failure at a later stage of development.   



Stage 2: Formula freeze and pilot scale production of polymer and membrane + accelerated life 



expectancy testing and field trials (≥ 5 years) 



Once laboratory scale investigations are successful for a new polymer blend (i.e. desired 



physicochemical properties are achieved), the formulation is considered ready for pilot scale 



trials on polymer production. This stage involves designing, purchasing, and installing the 



required equipment for pilot scale polymer manufacturing (ca. 100 kg). Trials will need to be 



completed on relevant production related parameters for the polymerization process and 



optimization of the polymerization rate, production yield, and post-treatment (e.g. purification). 



All the above is the responsibility of the chemical supplier.   
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In parallel, the membrane manufacturing process needs to be brought to pilot scale (ca. 100 kg) 



too. For this purpose,  needs to design, purchase, and install the relevant pilot scale 



equipment and afterwards examine the membrane manufacturing concerning all parameters 



that are important for scale-up trials and commercialization. Relevant production related 



parameters to be investigated for the membrane manufacturing process are process chemicals 



(e.g. solvent), process temperature, stage separation process from polymer raw material to 



membrane, production yield, post-treatment, initial investigations for production peripherals 



(e.g. wastewater treatment, solvent recovery), etc. During Stage 2,  needs to conduct 



extensive accelerated life expectancy testing and extensive field trials with the new UF 



membrane. In this stage, the -specific standard accelerated life-expectancy test is 



conducted on a statistically relevant number of full-size membrane modules to compare the new 



membrane versus the PVDF membrane and must demonstrate the ability to achieve the 



simulated 20 years of service life. Testing of the membrane in field trials will also be necessary 



during this stage to validate that the alternative polymer can match the performance of PVDF in 



the applications. This will require production of membranes and modules that can be placed in 



field pilot test equipment or directly into customer plants to collect data on the performance of 



the membranes (flow and water quality from the membranes). The field trials need to be 



performed for all of ’s treatment applications (see chapter 3) to assess if the new polymer 



is capable to stand up under real-life conditions. Notably, the field tests are not performed over 



the required 10 - 20-year lifetime of their membranes. After 2 - 3 years in the respective 



application, the membranes are removed and investigated comparing the critical properties of 



the membrane (permeability, rejection, burst pressure, tensile modulus, etc.), degree of fouling, 



structural damage, etc. 



Based on their long-term expertise,  estimates that this stage takes at least five years (at 



least two years for polymer and membrane scale-up activities and at least three years for 



accelerated life expectancy testing and field trials for validation of membrane performance) to 



be completed. However, Stage 2 only adds four years to the overall substitution timeline due to 



a one-year overlap to Stage 3. No overlap to Stage 1 is possible because investment in pilot 



scale production is not reasonable before freeze of formulation.  



The work packages for this stage are defined as follows: 



● Q1 2028 to Q3 2028: Design and construct pilot equipment for polymer production and 



membrane pilot manufacturing  



● Q4 2028 to Q4 2029: Membrane pilot manufacturing trials, formulation and process 



optimization  



● Q1 2030 to Q2 2030: Produce membranes for accelerated testing and field trials  



● Q3 2030 to Q4 2032: Carry out accelerated testing and field tests to validate new 



membrane formulation 



Stage 3: Scale up trials for polymer and membrane production including polymer and membrane 



certifications (≥ 4 years) 



Once sufficient certainty on the success of the substitution project is gathered from Stage 2, 



further iterative up-scaling trials to approx. 1,000 kg need to be conducted. Currently,  



estimates that for the polymer as well as the membrane production process at least two stages 



of up-scaling are required between pilot (0.1 t) and commercial scale (> 100 t). This involves 



basically the same topics as described in Stage 2. However, more focus will already be on the 



production design, i.e. low spatial requirements, engineering of production equipment, material 











ANALYSIS OF ALTERNATIVES and SOCIO-ECONOMIC ANALYSIS 



 
No copying/use allowed – property of  



53 



 



handling systems, utilities, etc. During Stage 3, the polymer supplier and  will perform the 



certification processes for both the new polymer blend and certifications required for the new UF 



membrane. 



 estimates that at least five years are required for this stage. However, Stage 3 only 



contributes three additional years to the overall substitution timeline due to overlaps to the 



preceding and subsequent stage.   



The work packages for this stage are defined as follows: 



● Q1 2032 to Q4 2032: Expansion of polymer pilot production for larger scale 



manufacturing trials (100 kg to 1000 kg) 



● Q1 2033 to Q4 2036: Carry out polymer production and membrane scale-up trials. 



Additional accelerated testing and field trials with larger number of membranes including 



multiple field trial sites 



● Q1 2033 to Q4 2036:  Certification of polymer and membrane for water contact including 



Germany (Kunststoff-Trinkwasser), France (ACS), Italy (ICIM), Hungary (ANTSZ), Poland 



(PZH), Unites States of America (NSF-61 and NSF-419), UK (DWI) 



Stage 4: Scale up of polymer production / manufacturing investment and structural measures 



for membrane manufacturing (≥ 3 years)  



In Stage 4, the polymer supplier as well as  need to take the final steps for production at 



commercial scale. Importantly,  needs to implement a completely new production line in 



parallel to the existing one. Only having the two processes active in parallel for a certain period 



ensures transition to 100 % alternative in Stage 5 without impacting EU supply. Logically, the 



installation of a second production line at the site in  involves significant financial 



investments and structural measures to enable setup of the necessary production equipment 



(for handling and processing of the alternative polymer). Besides installation of equipment, the 



time required for permits / authority approvals needs to be considered in Stage 4.  



 estimates that Stage 4 takes at least three years. However, Stage 4 only contributes two 



additional years to the overall substitution timeline due to a one-year overlap to the preceding 



stage.  



The work packages for this stage are defined as follows: 



● Q1 2035 to Q4 2035: Design of commercial scale production equipment for polymer 



manufacturing and  membrane manufacturing 



● Q1 2036 to Q4 2038: Installation and commissioning of production equipment at polymer 



manufacturer and  ( ) 



Stage 5: Ramp-up of membrane manufacturing (≥ 2 years) 



In Stage 5,  needs to initiate commercial production of alternative membranes. 



Importantly, this production ramp-up is performed with a steady increase of production volume 



until the quantity for 100 % supply is achieved. Since experience needs to be gained with the 



new process,  estimates that the ramp-up takes at least two years. To ensure supply to 



all DUs while making the transition to the alternative, the PVDF-based process needs to be active 



in parallel.  
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The work packages for this stage are defined as follows: 



● Q1 2039 to Q4 2039: Ramp-up of production of new membrane and 1st order delivery 



● Q1 2040 to Q4 2040:  Ramp-down of PVDF membrane production, depletion of 



inventories 



Derivation of derogation timeline required to substitute PVDF-based UF membranes 



Based on the above-described timelines, including all relevant overlaps, the substitution of PVDF-



based membranes at  requires at least 17.5 years calculated from Q2 2023 (the time point 



of submitting comments to the present public consultation). This means that from the expected 



EiF date of the PFAS restriction in Q2 2025, a derogation of at least 15.5 years is required for 



 to substitute PVDF-based UF membranes while ensuring supply with critical components 



to EU water and wastewater treatment plants. A graphical presentation of the timeline is 



provided in Figure 16. 
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FIGURE 16: 'S PLAN TO SUBSTITUTE PVDF-BASED UF MEMBRANES.
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6.1.2. Factors affecting substitution  



The following factors impact the substitution of PVDF-based membranes:  



● Non-availability of one-to-one replacement to PVDF-based UF membranes (see 



chapter 5.6.5. 



● Economic disproportionateness to re-construct existing treatment plants and/or build 



new ones. In this respect, it needs to be highlighted that public treatment 



infrastructures are financed by public financing. Thus, a restriction induced necessity 



to re-construct treatment plants and/or build new needs to be financed by people’s 



tax money with potential increase of water tariffs directly impacting consumers (see 



chapter 5.6.5).     



● Criticality of water supply due to climate change, urbanization, growing population 



and sustainability targets of industry (see chapter 5.1).  



● Reliance of public (e.g. municipalities) and private (e.g. manufacturing site) DUs on 



PVDF-based UF membranes to ensure water supply and safe wastewater discharge 



both in required quality and quantity (see chapter 5.1 and 5.6.5).  



6.1.3. Monitoring of implementation of Substitution Plan 



 follows the well-established Stage-Gate process for the management of R&D and 



product commercialization. As part of the Stage-Gate process, regular progress reviews 



are conducted with project stakeholders and progress is reported to the company’s senior 



leadership. The Stage-Gate process has specific deliverables and checklists for each stage 



of the project. The project will be assigned to a project manager with responsibility to 



manage schedule, budgeting and reporting. The project manager is also responsible for 



assessing resource requirements for the project and working with functional managers to 



ensure appropriate resourcing of the project to meet project deliverables and timelines. 



Since the Substitution Plan requires the collaboration between  and one or more 



polymer suppliers, these collaboration agreements will be established with detailed project 



plans and timelines integrated into s overall project schedule. Cross-company 



project teams and senior steering committees will be established to ensure there is proper 



coordination between the parties and project milestones can be met. 



6.2. Risks associated with continued use 



Within the CSR, the different life stages of PVDF membranes were identified: 



manufacturing, operation, and end-of-life. The sources of potential PFAS emissions to the 



environment at each stage were identified, as were RMMs. 



PVDF is purchased from . It is polymerized exclusively from 1,1-difluoroethylene 



(VDF), not involving other per- and polyfluoroalkyl substances. In 2022, a total of  



tons of PVDF were used at the  site for the manufacturing of PVDF membranes.  



For the manufacturing stage of PVDF membranes, potential emission sources for 



PFAS/PVDF include dust, wastewater, and other waste articles. Of the tonnage used, less 



than  % hence less than  kg of PVDF, were emitted as dust in areas where PVDF 



raw material is handled. To capture these emissions, one unloading area is swept or 



vacuumed in case of any incidental spills and the other unloading area is equipped with a 



filter system. Additionally, these two areas are regularly cleaned. The waste from cleaning 
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is collected and disposed of as hazardous waste. Contaminated water coming from the 



removal of incidental spills of PVDF raw material is disposed of and sent for incineration. 



In the process steps after PVDF was dissolved, exhaust ventilation systems are installed. 



As discussed and referenced in the CSR, the concentration of residual monomer (VDF) in 



PVDF was determined to be < 50 ppb and therefore considered to be of limited relevance 



for further environmental assessments of PVDF used for membrane manufacturing. The 



leaching of PFAS by-products from PVDF raw material into water was examined, and no 



PFAS concentrations above analytical detection limits were identified. Moreover, the 



leaching potential of PVDF raw material was examined by TOF analysis. The results 



indicated low concentrations (ng/L), resulting in a potentially leachable amount of  g 



TOF/a in relation to the annual tonnage of  t (2022). The TOF leaching from raw 



material may end up in the spinline wastewater and subsequently in the on-site  



MBR wastewater treatment plant as no TOF was found to be leaching from newly produced 



membranes (see section 4.3.3).  will carry out further investigations to understand 



the nature of this potential  g TOF/a emission and their fate. 



During the production of PVDF membranes, around 1,000 to 1,300 m³ of industrial 



wastewater are emitted per day, which is directed to the on-site MBR wastewater 



treatment plant before entering a municipal wastewater treatment plant. Wastewater 



samples confirmed that no typically measured PFAS or TOF were found in concentrations 



above analytical detection limits. It is assumed that also no PVDF is emitted by industrial 



process wastewater as PVDF is not considered to be able to pass in any form (solubilized 



or suspended) through the MBR with ultrafiltration membrane (pore size about 10 to 50 



nm). Finally, any other waste produced during the manufacture of PVDF membranes, such 



as organic chemical waste, PVDF packaging or scrap membranes, is either incinerated or 



disposed of in landfills for non-hazardous waste. The exact amounts per waste type can 



be found in section 4.2.4 of the CSR. Since analyzed PFAS and organic fluorine compounds 



in wastewater samples were below analytical detection limits, it can be assumed that none 



of the analyzed PFAS is expected in the sludge produced by the WWTP. Nonetheless,  



is also committed to further investigate this matter. 



The next stage in the lifecycle of PVDF membranes is their service life. PVDF raw material, 



freshly produced membranes, and PVDF membranes operated in water technology process 



for years (4–20 years) have been tested for PFAS and TOF emissions. No PFAS releases 



above analytical detection limit and/or including analytical background were detected in 



membrane leachates. Foulants removed from used membranes contained some PFAS 



above the background levels. However, as these foulants are considered to accumulate 



PFAS from different sources during the use phase these measurements are interpreted as 



independent from PVDF membranes. This also relates to a measurement of leachate of a 



cleaned membrane, which showed concentrations of PFBS above the limit of detection. 



The correlated concentration of PFBS in the foulant as well as the leachate of the uncleaned 



membrane were considerably high and indicate a remaining contamination. Leachate of 



cleaned, used membranes from the other five scenarios did not result in PFBS values above 



the detection limit. 



The last stage concerns the end-of-life phase of PVDF membranes, which is currently 



handled by incineration or disposal in landfills for non-hazardous waste. In a survey, 



downstream users (DUs) were asked about their methods of disposing of the  UF 



membranes. Different methods such as non-hazardous landfill (29 %), municipal 



incineration (14 %) and hazardous waste incineration (21 %) emerged. Regarding 
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incineration, it is concluded that no estimations of PFAS/PVDF releases from the 



incineration of waste can be made, due to the lack of reliable degradation and/or release 



rates for PVDF. Moreover,  has commissioned a study on this topic, and results are 



expected before the end of 2023. 



Concerning the disposal to landfills, an anaerobic biodegradability study on PVDF 



breakdown/stability has been conducted on behalf of . The calculated biodegradation 



rate is so small that it cannot be interpreted as biological degradation. In addition, PFAS 



levels in the supernatant and solids of control groups were higher than or comparable to 



the range of values detected for the membrane and PVDF powder groups. The overall 



study shows evidence that PVDF is stable in landfill conditions. 



From the data summarized above it was concluded that the emission potential during the 



life-cycle of PVDF-based membranes is extremely small and controlled. Leaching of 



typically measured PFAS from raw material, membranes after production and during 



various stages of their service life are below analytical limit values or in the range of the 



laboratory background. Similarly, TOF measurements of membrane leachate resulted in 



values below the limit of detection. A very small amount of TOF (  g TOF/a) may leach 



from raw material during manufacturing process (observed from laboratory leaching 



tests).  will carry out further investigations of at the manufacturing plant to 



understand if there is any actual TOF emission, the nature of this potential emission and 



its fate. Apart from this, emissions to the environment from the manufacturing process 



are controlled due to the implemented RMMs and the technical prerequisites of the process. 



The database for the estimation of potential emissions from waste treatment at the end 



of service life via incineration and landfilling is currently weak, and release rates of PVDF 



or degradation products have not been identified. However, recent new information 



suggests limited potential for the creation of PFAS during incineration. 



As no complete data set or release rates were available for the incineration route, it was 



concluded that no estimate on these emissions is possible at this time. Further analysis on 



any potential release through incineration can be completed once planned incineration 



studies have been completed. As the nature of potential emissions from the manufacturing 



side due to raw material leaching are subject to more detailed analysis, no emission data 



were considered available for further assessment under this SEA. 



6.3. Restriction scenario 



As the AoA supports the absence of an economically and technically feasible one-to-one 



alternative to PVDF for  membranes for the four Applications covered by this 



submission, the SEA provides an evaluation of the most likely restriction scenario. This 



restriction scenario is described from the perspective of . Being the EEA market 



leader in this segment, the impact of the restriction scenario on the EEA society can be 



seen to provide a representative picture for all stakeholders.  



It must be noted that the restriction scenario is described for the collective use of PVDF 



UF membranes for all four Applications considered in this assessment. Examples of 



individual Applications are however provided as case studies to provide a holistic view of 



the implications as far as possible.  



As derived in the AoA, the restriction scenario foresees a timeline of 15.5 years beginning 



from Q2 2025 (EiF) to Q4 2040. Accounting for the transition period of 18 months after 



EiF, the impact realisation period is assumed to commence from the beginning of 2027. 
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A restriction of PVDF in membranes will result in the corresponding business closure 



for  in the EEA.  would be forced to close operations at the  



production plant in  and relocate its entire  UF membrane production 



outside the EEA, where it will continue to supply the rest of the global market. Based on 



current knowledge, competitors are not known to have a technically and economically 



feasible alternative readily available for commercialization and can be anticipated to be in 



a similar position23.  



Consultation on restriction scenario with ’s DUs 



To understand the behavioural response of its DUs to restriction of PVDF in  



membranes in the EEA, a survey comprising questions on the plant capacity, reasons for 



installing the  membranes, restriction scenario and associated impacts was 



conducted by . A total of 14 DUs, representative of the entire business, were 



considered for this survey. Figure 17 shows that the majority of the DUs consulted are 



active in the treatment of urban sewage water for discharge to the environment (n=11; 



79 %) or treatment of industrial wastewater for discharge to the environment (n=4; 29 



%)24. As mentioned before, these Application areas are the highest contributors to ’s 



revenue (see Figure 2).  



 



FIGURE 17: NUMBER AND DISTRIBUTION (%) OF 'S DUS SURVEYED BY APPLICATION. 



Discussion on results 



The DUs unanimously advise that there is no technically or economically feasible 



alternative technology as efficient as the  technology especially due to its higher 



packing density and lower footprint. Given the discontinuation of the  product 



line in the EEA in the restriction scenario, the DUs would be first required to theoretically 



evaluate potential alternative technologies suitable for their own processes followed by a 



long pilot period. Test pilots conducted by the DUs prior to technology selection for their 



 
23 Please note that no competitors were contacted for this assessment. This assumption is purely based on 



’s current knowledge of the subject matter. 
24 Note that the sample size of the DU survey is 14. However, the question related to these results allowed 



each DU to select multiple answer options and thus 18 options were selected in total. 
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plants demonstrated that  membranes provided the best and, in many cases, the 



only option based on a number of critical evaluation criteria including reliability to meet 



flow and treated water quality requirements, space constraints and cost considerations. 



In the absence of their core technology without a readily available, technically, and 



economically feasible alternative, DUs with urban and industrial wastewater treatment 



plants would be forced to build additional new treatment plants to make up for lower 



treatment capacity from existing plants retrofitted with conventional concrete clarifiers or 



membranes with lower packing density and output (non-PVDF flat-sheet or ceramic flat-



plate). In the case of municipal DUs located in urban centers where land availability is 



limited, locating new treatment plants will be a major challenge and could require 



extensive new infrastructure (e.g. new conveyance, pumping stations). 



The supply chain in section 5.2.1 presents the physical flow of inputs and outputs related 



to the use of PVDF UF membranes in the EEA. It further projects the economic flows 



through the market segment or the value chain (upstream and downstream) that would 



be affected due to a restriction. Based on the restriction scenario, the cost impact 



categories that will be assessed for  and the supply chain in the following sections 



are operated below.  



 



● Producer surplus losses (resulting from business closure). 



● Additional one-off investment costs (resulting from capital costs of site closure). 



● Social cost of unemployment (resulting from job dismissals due to business 



closures). 



2. Supply chain 



Downstream users 



● Consumer surplus losses (resulting from changes in water tariffs). 



● Additional one-off investment costs (resulting from capital costs). 



● Additional operating costs (resulting from higher energy consumption and more 



frequent replacement due to shorter lifetime of non-PVDF membranes or 



alternative water filtration technologies). 



End-users or Consumers 



● Consumer surplus losses (resulting from changes in water tariffs). 



● Other welfare losses (resulting from reduced efficiency of water treatment). 



The cost impact categories due to a restriction have been analysed in detail in the following 



sections. Each of these implications has been described and monetised wherever feasible. 



6.4. Impact assessment 



6.4.1. Socio-economic impacts on  



Producer surplus losses 



The restriction scenario explicitly describes a business closure of ’s  line in 



the EEA. The  facility manufactures the  product line not only for Europe 
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but also globally, profits25 of which are realised in . As a result of relocating 



manufacturing outside the EEA, significant profit losses are expected. 



Assumptions 



According to SEAC’s guidance on evaluating losses in producer surplus (ECHA, 2021), 



these foregone profits are the result of premature retirement of productive capital assets 



and represent losses to the EU society. Based on this methodology, these foregone profits 



can be accounted for as producer surplus losses for the remaining service lifetime of 



’s capital assets at the point of decision making. This remaining service lifetime is 



based on the period of time needed by competitors to take over the affected entity’s 



market share for products dependent on the substance use.  



Consequently, the following assumptions were made to monetize producer surplus losses 



within the EEA due to foregone profits incurred by : 



● To maintain a conservative approach and in line with SEAC’s guidelines (ECHA, 



2021), foregone profits were considered to accrue over a period of 2 years only. 



● The valuation of producer surplus losses uses EBIT as a proxy. EBIT losses have 



been considered to start occurring in 2027. 



● For the valuation,  anticipates projected earnings before interest and taxes 



(“EBIT”) of  in 2027 for its  product line that is generated 



in the EEA for all activities. Additionally,  anticipates a projected EBIT of  



 in 2027 to be generated from the  facility from sales of the 



 line in and outside EEA. Thus, for this assessment, a sum of  



 is considered to be foregone in the EEA in 2027.   



Results 



 anticipates a projected EBIT of  in 2027 for its  product line 



in the EEA. Based on the methodology recommended by ECHA on the estimation of 



producer surplus losses, at least two years of profit losses (2027 and 2028) have been 



considered. Using a social discount rate of 4 %, these producer surplus losses amount to 



an NPV of  in 2025 or an annualised value of  per year for 15.5 



years. 



Social cost of unemployment 



A business closure would most certainly result in job dismissals. As of April 2023,  



employs a total of  in the EEA of which  are 



related to the  product line. In the restriction scenario, all FTEs ( ) at the 



 facility will be dismissed. The remaining  supporting the  



product line are spread all over the EEA and will be also dismissed. 



Assumptions 



Following the methodology presented in a report commissioned by ECHA (Dubourg, 2016), 



the social costs related to expected job losses are valued under consideration of the 



following components: 



 
25 See Appendix 1: Financial figures for  
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● The value of lost output/wages during the period of unemployment; 



● The cost of acquiring a new job; 



● Recruitment costs; 



● The “scarring costs” (i.e., the impact of being made unemployed on future earnings 



and employment possibilities); 



● The value of leisure time during the period of unemployment. 



The latter component is defined as a negative cost (i.e., a benefit) of unemployment. As 



such it is subtracted from the total cost resulting from the first four components.  



The figures from the aforementioned paper have been updated with recent data, using 



2021 estimates on wages presented by Rogers and Marques (Rogers & Marques, 2021) 



and data on the duration of unemployment in 2021 as reported by Eurostat (Eurostat, 



2022 a). Moreover, the figures for average wages were projected to 2027 by using an 



average Labour Cost Index (“LCI”) based on the LCI values registered between 2016 and 



2020 and provided by Eurostat (Eurostat, 2022 b). Note that, although data estimations 



of Rogers & Marques on wages are already available for 2022, for consistency issues, data 



of 2021 have been used for the estimation of social costs. This calculation leads to a 



monetary value of the total cost of losing one job of EUR  (NPV 2027) in .  



For EU-27, this calculation leads to a monetary value of the total cost of losing one job of 



EUR 98,151 (NPV 2027), relating to the population-weighted average of EU-27 as 



described by Dubourg (2016, S. 18). This average was used for the social costs due to job 



losses for all remaining 220 FTEs supporting the  product line and spread all over 



the EEA. 



Results 



As per the methodology above, the cost of losing one job in  and EU-27 in 2027 



is valued at EUR  and EUR 98,151 respectively. Based on this estimate, the social 



cost of unemployment for  dismissals in  is valued at approximately  



 in 2027. Using a social discount rate of 4 %, the social cost of job dismissals 



amounts to an NPV of  in 2025 or an annualised value of  



per year for 15.5 years. 



Similarly, the social cost of unemployment for the remaining  dismissals spread 



throughout the EEA is valued at approximately  in 2027. Using a social 



discount rate of 4 %, the social cost of job dismissals amounts to an NPV of  



in 2025 or an annualised value of  per year for 15.5 years. 



Additional one-off investment costs 



Besides the above-mentioned socio-economic cost impacts, other welfare losses in terms 



of additional capital costs are expected for . Resulting from the relocation of 



production, one-off investment costs including write offs, decommissioning and clean-up 



of existing facility in , is estimated at  in 2027. Using a social 



discount rate of 4 %, this one-off investment cost for dismantling the facility amounts to 



an NPV of  in 2025 or an annualised value of approximately  



 per year for 15.5 years.  
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needed to allow urban WWTPs to effectively comply with the UWWTD; aimed at 



environmental protection of water bodies including sensitive areas (areas subject to 



eutrophication, surface freshwater intended for the abstraction of drinking water etc.).  



Membrane filtration also provides high-quality reclaimed water, helping cities to meet the 



WRR as well as other legislations fostering the recycling of urban and/or industrial 



wastewater. The potential role of treated wastewater reuse as an alternative source of 



water supply is now well acknowledged and embedded within European and national 



strategies. In the restriction scenario, where the quality and quantity of reclaimed water 



is affected; meeting these objectives could be delayed or potentially not feasible. 



Reverting to conventional technologies for these DUs would additionally result in 



disruptions in delivery of water and wastewater and massive capital investments to retrofit 



alternative treatment solutions, in most cases requiring an expansion to the plant to treat 



the needed capacity lost by removing membranes.  



For instance, one of ’s DUs situated in Brussels, Belgium operates a WWTP with a 



capacity of 162 MLD where the current land requirement for  hollow fiber 



PVDF membranes is 1,575 m2 (45 m by 35 m). For this WWTP, the most cost-effective 



way to replace  PVDF membranes would be to buy commercial/industrial 



land immediately to the west of the existing facility to build additional MBR tanks and 



infrastructure approximately 3 times the size of the existing MBR and infrastructure (see 



Figure 18). This implies that in the restriction scenario, the plant would require 4,725 m2 



(3 x 45 m by 35 m) - of additional land for the best available non-PVDF polymeric 



membrane alternative. 



 



FIGURE 18: PRESENTATION OF ADDITIONAL LAND REQUIREMENT FOR FLAT SHEET POLYMERIC IN 



COMPARISON TO EXISTING MBR WITH  IN BRUSSELS. 



In some cases, this would even lead to the construction of completely new plants in 



alternative locations due to existing footprint constraints. Additionally, non-PVDF 



membranes have a reduced life expectancy requiring more frequent replacement in the 



restriction scenario.  
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Downstream users 



Before elaborating the impacts of the restriction scenario, it is important to reiterate the 



importance of PVDF UF membranes. As part of the survey, DUs highlighted their reasons 



to choose the PVDF UF membranes over other available technologies including: 



● Enhanced quality of treated water effluent mandated by strict permeate discharge 



regulations including reliable effluent free of total suspended solids (“TSS”), 



enhanced nitrogen removal and enhanced physical-chemical and microbiological 



quality; 



● Ability to increase capacity at plants with a small plant footprint preventing 



additional land acquisition in expansion of existing plant; and  



● Opportunity to increase process automation increasing treatment reliability and 



reducing operator workload. 



It was also explained that the  technology is a very effective technology to serve 



as pre-treatment for reverse osmosis (“RO”) technology wherein provision of optimal 



quality water for robust operation of the RO technology is critical. Additionally, the use of 



the  product line was essential in establishing reuse of treated water after 



application of additional polishing steps. In general, PVDF UF membranes were described 



as a highly effective and efficient method of water and wastewater treatment offering 



decisive advantages for water/wastewater treatment compared to other membrane 



materials and technologies.  



The majority of ’s DUs treat industrial, as well as urban wastewater, to meet 



environmental quality standards. These WWTPs are highly complex in their infrastructure 



such that once a specific plant setup is decided and constructed little to no adaptations 



are possible regarding the secondary treatment (central treatment unit). In other words, 



a plant designed for water/wastewater treatment with UF membrane will always rely on 



the use and availability of UF membranes and cannot simply switch to a completely 



different treatment technology (e.g., sand filtration, bio-filtration, etc.) without additional 



investments and supply interruptions. More specifically, in case a PVDF UF membrane is 



chosen, customers need to be able to replace the membranes with similar PVDF UF 



membranes once end-of-life (10 - 20 years) is reached. Otherwise, critical parameters like 



plant capacity (water volume treated per day) and water quality cannot be met.  



Therefore, it is first important to describe complexity and extent to which existing systems 



using PVDF UF membranes would need to be adapted as a result of switching treatment 



technologies in reactor designs specifically built for UF membranes with the aid of some 



practical examples from ’s DUs. The impact assessment in the subsequent sections 



rests on these complexities that will be borne by the DUs. 



Case study 1: Henriksdal Sweden MBR by Stockholm Vatten och Avfall in Stockholm, 



Sweden (Application 4: Treatment of Urban Wastewater with MBR) 



Stockholm Vatten operates two WWTPs (Bromma 290,000 p.e. and Henriksdal 780,000 



p.e.), which are located in the city. The population of Stockholm is increasing and the 
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development of these plants necessarily has to be coordinated with the needs of Stockholm 



City on a sustainable and long-term basis.   



Sweden’s commitment to the Baltic Sea Action Plan (“BSAP”) and the WFD are leading to 



more stringent effluent requirements and the wastewater treatment in Stockholm will 



require an upgrade to handle these challenges (Stockholm Och Avfall, 2022). 



Need met by PVDF UF membranes 



To meet the city’s growing population, feasibility studies showed that an alternative where 



Bromma WWTP is decommissioned, and the wastewater is transferred to Henriksdal WWTP 



(which is extended for increased capacity) was the best socio-economic alternative. 



Additionally, a tunnel to divert wastewater from Bromma to the Henriksdal site is being 



constructed. In this particular case, the installation is underground in hard rock tunnels 



(see Figure 19). 



 



FIGURE 19: INFRASTRUCTURE PICTURE OF THE HENRIKSDAL WWTP MBR IN STOCKHOLM, SWEDEN. 



As Henriksdal WWTP is situated inside a mountain in the city, only membrane ultrafiltration 



was expected to work due to low spatial constraints (low footprint) and very costly 



construction works for other alternatives. Ceramic membranes could not provide sufficient 



membrane surface area or flow (even if membranes are operated at high fluxes). The 



entire cost of the project is estimated at SEK 10.5 billion (EUR 0.92 billion26) of which the 



reconstruction of Henriksdal’s WWTP accounts for about 80 %. Once the expansion is 



completed, the WWTP will be able to treat 864 million litres of wastewater per day by use 



of ’s MBR technology which integrates its membrane.  



Resulting benefits 



As a result of the PVDF UF membrane technology, the following environmental benefits 



are anticipated: 



● Reduction of nitrogen and phosphorus emissions; 



● Separation of microplastics before discharge into the Baltic Sea; 



● Meeting the increased environmental requirements under current and future 



legislation; 



 
26 Note: Exchange rate of SEK 1 = EUR 0.088 EUR as of April 14, 2023. 
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● Removal of several discharge points (due to new sewer tunnel) along Lake Mälaren 



reducing the emissions of untreated wastewater during heavy rain in the region by 



50 %; 



● Removal of malodorous sludge management in the vicinity of residential area of 



Åkeshov and Hammarby sjöstad. 



Potential impact of a restriction 



As a consequence of a restriction, replacing with a different membrane product would be 



very difficult and expensive unless it is a similar product to the PVDF UF membrane. 



Furthermore, it might interfere with given footprint constraints, considering the central 



location of the wastewater treatment plant. A likely scenario would involve the construction 



of additional treatment capacity at another site nearby Henriksdal which is also built inside 



a mountain. This would take several years and require an estimated additional capital cost 



of several hundred million Euros for Stockholm Vatten och Avfall. In addition, during the 



time required to build a new plant, the Henriksdal plant will not be able to comply with its 



environmental permit resulting in penalties from authorities and very bad publicity. The 



water discharged from the plant into the Baltic Sea would contain higher levels of 



phosphorous and nitrogen and thus increase the risk of eutrophication. Citizens of 



Stockholm will experience a deterioration of water quality in the sea. 



Case study 2: Drinking water treatment plant in Italy (Application 2: Production of 



Municipal Drinking Water) 



This drinking water plant is one of the major references in Europe with immersed  



technology designed to treat up to 95 MLD and providing safe drinking water to 150.000 



people living in a highly touristic area in Italy (population doubling during peak tourist 



season).   



Back in early 2000, the municipality initiated a thorough investigation to strengthen its 



water sources to cope with increasing demand due to population expansion and a growing 



tourism intake during the summertime. The main source at the time was a watershed that 



collects water from rainwater and receives very little treatment before the same water is 



injected in the main network serving the population. This available reserve was considered 



insufficient and new water sources had to be explored for exploitation. The result of the 



investigation led to the conclusion that advanced treatment of deteriorated surface river 



water was the only viable solution to meet the future needs.  



Membrane technology was selected as the best-in-class treatment scheme to transform 



contaminated raw water to reliable and safe drinking water. Among the different 



membrane configurations available in the market,   immersed technology proved 



to be the best membrane due to its robustness to cope with highly deteriorated water 



coming from a major Italian river with high contamination from various industrial and 



municipal discharges.   
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FIGURE 20: INFRASTRUCTURE PICTURE OF THE DRINKING WATER TREATMENT PLANT IN ITALY. 



Resulting benefits  



As a result of the membrane technology, the following benefits were proven:  



● The plant can consistently produce safe drinking water regardless of the 



deterioration level of the source water quality; 



● The robustness of   membranes allowed for a considerable simplification 



of the treatment scheme which resulted in the lowest capital investment and 



running costs during operation;  



● The plant demonstrated a great flexibility to treat low to high flow depending on 



the demand generated by the broad fluctuation of the population served by the 



plant;   



● The level of automation offered by the   membranes allowed the end-user 



to operate the plant with minimum presence of qualified personnel. 



Potential impact of a restriction  



After eight years of operation, the drinking water plant represents a key strategic water 



asset for the region that over the years also faced several events of severe drought due 



to climate change. The end-user has recently started to plan a phased replacement of 



membranes starting in 2024 (due to their end-of-life period) to ensure the plant continues 



to deliver precious water without any disruption.   



A potential restriction of PVDF UF membranes would cause the municipality to start a long 



and costly process to plan for alternative solutions, with a risk of compromising on both 



quantity and quality of the final product with a negative social and economic impact on 



the region.  
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Case study 3: Pulp and paper plant in Portugal (Application 3: Treatment of Industrial 



Wastewater with MBR) 



A facility that produces bleached Eucalyptus Kraft Pulp (capacity over 200,000 Mt per 



year), mostly suited for tissue production, was facing increasing pressure through 



stringent environmental EU and national regulations, impacting effluent discharge. The 



facility needed to revamp its wastewater treatment plant while reducing its water footprint. 



The plant is located near a river, so it was very important for the pulp company to select 



the right technical solutions to provide the best water quality effluents and comply with 



the more demanding discharge parameters.    



With its long-term objective to increase its pulp production capacity, it was also essential 



for the company to expand the water treatment capacity from 37,000 m3/day to 50,000 



m3/day while complying with the local and EU regulations. In other words, the plant was 



faced with the task of increasing the amount of process-related water consumption while 



decreasing the amount of wastewater generated.  



 



FIGURE 21: INFRASTRUCTURE PICTURE OF INDUSTRIAL WW TREATMENT PLANT IN PORTUGAL. 



Need met by PVDF UF membranes 



A robust evaluation of different technical solutions was made by the pulp plant. The most 



cost-effective solution to address the water challenge and position the pulp producer for 



expansion and growth was installing a new MBR. This enables the facility to comply with 



the more restrictive discharge requirements thanks to the physical barrier of the PVDF UF 



membranes. The MBR system is equipped with  hollow-fiber membranes which 



achieve superior effluent quality while reducing energy consumption with an increasing 



membrane lifespan. Advanced COD, colour, and lignin removal could also be achieved. To 



avoid extracting river water during the dry season, the  membrane system 



enables reusing water back into the pulp mill as process water.  



Resulting benefits 



● Cost Savings: By incorporating  membrane technology, the MBR system 



eliminates the need for secondary clarifiers, tertiary treatment and reduces the 



civils works. Its robustness and cost-effective treatment systems allowed the client 



to secure high-quality water supply, lower raw water intake and energy 



consumption, and minimise environmental impact.  
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● Water Reuse: With implementation of this solution, reuse will be optimised, thus 



the need to capture water from the river will be reduced by 20%.  



● Compliance: By using  membranes, the pulp facility can ensure consistent 



treated water quality while being fully compliant with the EU and local 



requirements. EU legislation lists MBR as a technology that has the potential to be 



applied successfully in advanced wastewater treatment in the pulp and paper 



industry27. The full package allowed the client to continue operating its pulp 



production while respecting the surroundings and the environment.  



Potential impact of a restriction 



● High penalties from the authorities due to non-compliance with mandatory  



regulations; 



● Significant additional investments required by the plant due to need for re-



designing and re-constructing the wastewater treatment process;  



● Risk of withdrawing an unsustainable amount of water from the river source, 



leading to the river running dry in the long-term;  



● Bad publicity in the news and a high risk of plant shutdown. 



Case study 4: Industrial plant, Italy (Application 1: Production of Industrial Process 



Water: effluent tertiary treatment with PVDF UF membranes to produce demineralized 



water) 



Started in 2015, this facility is an advanced 550 m3/h production plant of demineralized 



water starting from the effluent of the existing conventional wastewater plant.    



The industrial plant was required to optimise its water footprint in order to limit the 



extraction from fresh water sources (river) and, at the same time, increase capacity to 



deliver clean water to a nearby facility. The aim was aligned to the corporate objective to 



meet overall water savings among all the different locations.  



 
27 Note: MBR is listed as a technique in the “Best Available Techniques (BAT) Reference Document for the 



Production of Pulp, Paper and Board” (European Commission, 2015).  
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FIGURE 22: INFRASTRUCTURE PICTURE OF THE INDUSTRIAL PLANT IN ITALY. 



During the feasibility and pilot test studies, alternatives to PVDF UF membranes such as 



PES/PVP/PAN/Cellulose chemistry were not considered feasible as they have limited 



resistance to the organic solvent, BTEX, MTBE and hydrocarbons28. The  



reinforced membrane, on the other hand, was selected based on its robustness to treat 



tough wastewater leaving the existing clarifiers and to consistently deliver high-effluent 



quality. The reliability of the PVDF UF membrane performance was a key aspect of the 



treatment scheme in order to have the downstream RO process function smoothly and 



without interruptions.  



Resulting benefits  



Despite the deteriorated river quality together with a limited amount of water flowing due 



to increasing periods of droughts, the facility was able to function smoothly and to deliver 



the required output whilst limiting the water footprint. In addition, the water reuse plant 



allowed for extra water to be delivered to a nearby power station for cooling purposes and 



also contributing significantly to sustainability objectives. 



The compactness of PVDF UF membranes allowed the plant to be built with an optimized 



footprint which is critical for industrial sites where land is either limited or meant for 



 
28 Note: MBR is listed as a technique in the “Best Available Techniques (BAT) Reference Document for Common 



Waste Water and Waste Gas Treatment/Management Systems in the Chemical Sector” (European Commission, 



2016). 
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expanding the main process. Furthermore, the UF plant lends itself for an advanced 



automation, benefitting the site to employ only few workers to operate the reuse plant 



while having the high-skilled personnel focusing on the high-value refinery process 



facility.  



Potential impact of a restriction  



The consequences of UF membrane restriction would cause major costs for planning and 



alternative equipment. Additionally, a negative impact is foreseen to the economic viability 



of the facility if the availability of water is compromised. In the last couple of years, 



prolonged events of droughts affected the amount of water flowing in the nearby river 



canal even more significantly. A wastewater reuse scheme based on PVDF UF membranes 



is the only path to produce value while protecting the environment. 



Summary of socio-economic impacts on DUs 



As all of these case studies show, PVDF UF membranes are often a preferred solution 



based on different criteria. Therefore, the lack of an acceptable alternative technology 



coupled with a restriction of PVDF UF membranes has a direct impact on plant performance 



for water production (water quality and water quantity being produced) and for wastewater 



treatment (water quality and water quantity being discharged to the environment).  



As such, the welfare losses and additional costs to the EEA society from the restriction 



scenario to the DUs include the following: 



1. Additional one-off investment costs including capital costs of: 



- Purchasing and installing new equipment; 



- Reconstruction of existing plant to adapt to new technology; 



- Purchase and development of new land. 



2. Additional operating costs  



3. Producer surplus losses 



These cost categories are further explained and monetised, wherever possible, in the 



sections below. 



Additional one-off investment costs 



These one-off investment costs include capital costs for re-construction of the existing 



plant, as well as costs for procurement of new machinery and equipment to adapt and 



expand footprint to install a less efficient alternative technology in 2027. 



Assumptions 



As described in the AoA, the options to replace PVDF UF membranes with a one-to-one 



alternative technology such as media filtration or another membrane material such as PES 



or ceramic, range from poor to fair, depending on the Application. 



For high solids, water and wastewater applications where  membranes are 



used, there are no low-cost alternate technologies or membrane materials. This is 



especially true for MBRs, where  operates in high solids and in a very small 



footprint. For this reason, and due to the fact that the number of  installations 
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treatment needs, including the requirement to meet more stringent treated water quality 



objectives expected from the Baltic Sea Action Plan and the WFD.  Two of the options were 



considered relevant for this assessment on capital costs, namely, Alternative 2 and 



Alternative 4.   



Alternative 2 involved the decommissioning of the existing WWTP in Bromma and 



transferring of wastewater to a new plant to be built outside of Stockholm. The capital 



costs for both the plant itself and a new pipeline were estimated.  A total capacity of 277 



MLD needed to be built at this new facility and was expected to cost SEK 5,289 million 



(EUR 604 million in 2023 adjusted for inflation). The expected cost for the new sewer 



pipeline line was SEK 5,334 million (EUR 609 million) for a total cost of EUR 4.4 



million/MLD29. 



Alternative 4 involved the decommissioning of the WWTP in Bromma and transferring of 



wastewater to a refurbished and expanded Henriksdal plant in Stockholm.  The Henriksdal 



plant would have an additional 364 MLD capacity at an estimated cost of SEK 3,910 million 



(EUR 609 million in 2023 adjusted for inflation). The pipeline costs for the transfer from 



Bromma to Henriksdal were estimated to be SEK 1,445 million (EUR 165 million) for a 



total cost of EUR 2.2 million/MLD. Alternative 4, which included an MBR with  



membranes was ultimately selected. The expansion was accomplished by blasting a rock 



into the mountain to create more volume for the existing underground plant.   



Total capital cost impact on total  installed base  



Based on the references above, the range of wastewater plant capital costs for site 



expansions and construction of new plants were estimated between EUR 2.2 - 5.6 million 



per million litres per day.  Notably, this includes not only the portion of treatment that the 



MBR would fulfil but all infrastructure for a wastewater treatment plant. Thus, a lower 



bound of EUR 2.2 million and an upper bound of EUR 5.6 million per MLD were used to 



estimate a CAPEX range for ’s DUs. 



Table 9 presents the capital cost estimate to replace PVDF UF membranes for ’s DUs 



in different customer segments in the EEA. The total CAPEX cost impact for PVDF UF 



membranes customers in the EEA is estimated to be between EUR  billion 



in 2023. Assuming constant values in 2027 (impact realisation period) and using a social 



discount rate of 4 %, this one-off investment cost for expanding capacities of WWTPs for 



DUs amounts to an NPV of EUR  billion in 2025 or an annualised value of 



approximately EUR  million per year for 15.5 years (see Appendix 2: Explanation 



on NPV calculations).  



 
29 These values are adjusted for inflation using a rate of 29% between 2013 and 2023. 
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TABLE 9: CAPITAL COST ESTIMATE TO REPLACE  MBR FOR DUS IN THE EEA. 
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Additional Operation costs 



Due to lower performance and reduced life expectancy, the impact on these DUs will be 



significantly higher operating cost due to more frequent replacement of membranes. 



Additionally, higher energy consumption of conventional alternative technologies (for 



instance, when replacing PVDF UF membranes with microfiltration flat sheet) is expected. 



These impacts have, however, not been monetised due to lack of appropriate data. 



Producer Surplus losses 



For industries where process water is reused, DUs have indicated that the restriction 



scenario will impact business continuity. In the absence of a one-to-one alternative, any 



supply disruptions would lead to profit losses as downstream delivery of products would 



be affected. Additionally, the lack of high-quality wastewater treatment would cause 



reputational damages for the DUs. These impacts have, however, not been monetised due 



to lack of appropriate data.  



Other Welfare losses 



In the restriction scenario, construction of a new and/or expansion of the existing plant 



might lead to disruptions in delivery of industrial process water and treated wastewater.  



To meet the capacity required, ideally the total treatment capacity in a region must be 



bigger than the actual population to anticipate any changes over the life cycle of the 



wastewater treatment plants and to account for the industrial pollution load when 



authorised by local authorities. Given the regulatory complexities around this theme, it is 



difficult to estimate how long a potential gap would exist in the restriction scenario. 



For urban WWTPs, due to environmental regulations and the large amount of connected 



population to the WWTP, it remains impossible to accept an alternative solution that 



delivers compromised quality or capacity. Urban WWTPs are mandated by the authorities 



to operate their WWTP and meet their environmental water quality standards and 



wastewater collection limits during collection, treatment and discharge of domestic and 



industrial wastewater. A revised stricter UWWTD is expected to be adopted at EU level and 



implemented by the EU Member States in the coming years which will dramatically 



increase the need for municipal facilities to invest in advanced water and wastewater 



treatment using PVDF UF membranes. If it is not possible to meet these regulations, 



consequences could entail severe legal actions and/or financial fines for DUs.  



End users/ Consumers 



As DUs point out, the absence of PVDF UF membranes in the EEA would result in a switch 



to conventional old technology with the addition of other treatment steps. The restriction 



scenario comes at a significant cost of construction (“CAPEX”) as well as operation 



(“OPEX”), including for plants recently built. DUs also mention that substitution with any 



other technology would lead to differences in the treated water quality and quantity. 



Additionally, as the reconstruction of wastewater plants is associated with significant costs, 



this may be passed on to the end consumer in terms of increase in water tariffs. A study 



conducted in 2020 (Damkjaer) showed that cost recovery by means of increasing water 



tariffs, reflecting the cost of pollution, is quite common, as the drivers for changes in urban 



water and wastewater tariffs in 568 cities across 192 countries were examined. It was 
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thereby concluded that among the reasons behind increasing these tariffs, are changes in 



water and wastewater infrastructure. These costs would be borne by the EU taxpayers.  



The added value of PVDF UF membranes, in general, to the EEA society comes from its 



applications that serve the society with safe drinking water, protected water bodies and 



availability of reclaimed water for agricultural irrigation, landscape irrigation, industrial use 



and environmental enhancements (see section 5.2.1).  



The DUs unanimously argued that in the restriction scenario, it would be extremely difficult 



to guarantee the same quality and quantity of purified wastewater due to lower 



functionality of the conventional/ alternative technologies. For instance, if choosing a 



conventional activated sludge followed by tertiary filtration, a detrimental impact on 



effluent quality is expected. Alternative membrane solutions would lead to larger footprint 



and increased OPEX due to reduced lifetime. As a result, the availability of reclaimed water 



may be severely reduced in the restriction scenario.  



The potential role of treated wastewater reuse as an alternative source of water supply is 



now well acknowledged and embedded within EU and national water strategies. Water 



reuse is a top priority in the Strategic Implementation Plan of the European Innovation 



Partnership on Water, while maximisation of water reuse has been a specific objective 



since the introduction of the earlier mentioned Blueprint Strategy. 



Water reuse offers several advantages. For instance, water recovery for industry can   



avoid the use of freshwater and reinforce industry sustainability. Water recovery for 



irrigation purposes can lead to an increase in yield, groundwater recharge and also avoid 



the use of freshwater (EIB, 2022). Such advantages would be hampered in the restriction 



scenario and there is a high potential to interfere with targets set by national and EU 



regulatory bodies. 



Additionally, the restriction scenario creates opportunity costs related to all the other uses 



which can no longer be addressed due to reduced plant capacity and quality, thereby 



reducing the economic value of reclaimed water.   



6.4.3. Distributional impacts 



As explained in section 6.4.1, a significant share of ’s employees would have to be 



dismissed in case a PFAS derogation is not granted for the PVDF UF membranes. Therefore, 



severance costs would be incurred by , as employees would have to be compensated 



for their job losses. Severance payments can be considered as a transfer of money within 



the society from employer to employee, thus the net benefit within the EEA is zero. 



Therefore, severance costs are not included in a quantified form in the impact assessment. 



Nonetheless, the amount of such compensation costs is considerably large. 



In addition, wastewater treatment plants might incur considerable fines and high penalties 



if they do not comply with obligatory environmental water quality standards or cannot 



meet wastewater collection limits. However, due to their distributional nature, fines are 



perceived as transfer payments and not costs.  



6.4.4. Compilation of socio-economic impacts 



’s market position as a leader in PVDF UF membranes closely reflects the impact of 



a restriction in this segment. The Applications within the scope of this submission are 



crucial for the wellbeing of the society. The closure of the  line for  would 



result in massive producer surplus losses and social cost of unemployment in the EEA. 
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Section 6.4.2 explains that the reconstruction of industrial and municipal water and 



wastewater treatment plants in the restriction scenario would imply high capital (one-off) 



and operating costs. While in some cases an expansion may be needed, others may require 



completely new infrastructures. For end-users and EEA society in general, welfare losses 



due to significant costs for DUs and compromised water quality and quantity are evaluated. 



Welfare losses are also expected due to reduced economic value of reclaimed wastewater 



and consequent increase in water tariffs.  



Table 10 presents an overview of the economic and social impacts that would occur in case 



of a restriction. Overall, socio-economic costs of at least  per year 



for 15.5 years or  in 2025 would be incurred by  and its 



DUs only due to a restriction. Notably, this value does not account for distributional 



impacts and impacts which could only be described qualitatively. 



It must be emphasized that these impacts only present a partial picture of the overall 



impacts of a restriction. The impacts are only quantified for  and its DUs. The overall 



impacts of a restriction incurred by other stakeholders in the value chain of PVDF 



membranes in the EEA society are expected to be much higher. 
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TABLE 10: SOCIETAL COSTS ASSOCIATED WITH RESTRICTION. 



Description of major impacts 



Monetised/quantitatively 



assessed/qualitatively assessed 



impacts 



1. Monetised impacts € [per year] [Over 15.5 years] 



Producer surplus loss for   



Social cost of unemployment (  and EU-27) for 



 
 



One-off investment costs for dismantling for   



One-off investment costs for relocation for  
  



 



One-off capital costs for DUs 
  



 



Sum of monetised impacts 
  



  



2. Additional qualitatively assessed impacts  



 
Distributional impacts such as severance 



payments (see section 6.4.3) 



DUs 



Additional operating costs (resulting from 



higher energy consumption and more 



frequent replacement due to shorter 



lifetime of non-PVDF membranes) 



Producer surplus losses (resulting from 



disruption in delivery of services) 



Reputational damages 



End users/Consumers 



Consumer surplus losses (resulting from 



changes in water tariffs) 



Other welfare losses (resulting from 



reduced efficiency of water treatment) 



3. Additional quantitatively assessed impacts  € [per year] [Over 15.5 years] 



Distributional impacts such as costs for fines and penalties for 



DUs n/a 



 



6.5. Combined impact assessment 



The comparison of impacts draws from the previous impact assessment and compares 



socio-economic costs of a restriction with the risk to the environment of a continued use. 



Overall, a restriction would result in at least  socio-economic costs 



per year for 15.5 years between Q2 2025 and 2040. Section 6.2 describes the risks from 



potential emissions to the environment across different life stages of PVDF membranes 



including manufacturing, operation and end-of-life. Appropriate RMMs at  ensure 
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that no PVDF emissions to the environment occur across the different life stages of PVDF 



and are not to be expected in the future. As no releases were found across the membrane 



lifecycle, risks to the environment are effectively precluded from this assessment. 



TABLE 11: SOCIO-ECONOMIC COSTS OF RESTRICTION PER UNIT OF RELEASE FOR . 



 [Per year] [Over 15.5 years] 



Total costs  
  



 



Total releases  No releases considered available for further assessment 



Ratio  n/a 
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7. CONCLUSION 



PVDF-based UF membranes play a key role in the EU’s strategy for safe drinking water 



and wastewater. Applicable Directives and Regulations are described in chapter 5.1. 



Importantly, the need of PVDF-based UF membranes is expected to increase in the future, 



particularly in the EU, due to several factors including:  



● The need for cleaner and safer water is increasing.  



● As populations continue to grow and urbanise, suitable water and wastewater 



treatment infrastructures need to be in place for ensuring that communities in 



urban areas have access to clean water and surrounding water bodies remain safe 



and protected. In this regard, the generally low space availability of urbanised areas 



presents an important aspect to be considered in the future.  



● Climate change is expected to have a significant impact on water resources in the 



future, leading to changes in water quality and availability. 



● For municipalities, the more stringent limits for contaminants including particles, 



pathogens, nutrients, microplastics and micro-pollutants in wastewater are critical 



in terms of technology selection. The implementation of wastewater reuse will 



mitigate water shortage due to severe droughts met in several EU countries. 



● For industry, wastewater treatment with re-use is among the key topics to ensure 



sustainable manufacturing and to compensate for the projected future water 



shortage.   



Therefore, water and wastewater management are one of the major topics for current and 



future society. It is utterly important that all surface waters and groundwaters are 



protected and managed in a sustainable manner. It needs to be ensured that all drinking 



water is safe for human consumption and that levels for contaminants like pathogens 



(parasites, bacteria, and viruses), micropollutants (such as pesticides, pharmaceuticals, 



PCPs, EDs) and microplastics are kept under the agreed-on EU thresholds. Logically, all 



wastewater that is created by any human consumption and use needs to be purified in the 



highest possible quality to guarantee safe discharge to feed the EU/ global water circle. 



Due to their performance and their market integration, ’s PVDF-based UF 



membranes play a critical role in all points mentioned before. PVDF UF membranes offer 



decisive advantages for water/wastewater treatment compared to other membrane 



materials like PES/CPE/PAN and ceramics and conventional technologies (e.g. physico-



chemical clarification, sand filtration, etc.).  



In this regard, the PFAS Restriction Proposal is highly critical for the EU society considering 



the non-availability of a one-to-one replacement for PVDF-based UF membranes. 



According to ’s substitution plan at least 17.5 years (calculated from Q2 2023 - the 



timepoint of submitting the comments to the present public consultation) are required to 



develop a suitable one-to-one replacement. This means that from the expected Entry into 



Force date of the PFAS restriction in Q2 2025, a derogation of at least 15.5 years is 



required for  to substitute PVDF-based UF membranes while ensuring supply with 



critical components to EU water and wastewater treatment plants. To reduce the impact 



on EU water supply,  suggests including the following time-limited derogation into 



the restriction proposal: 
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“Industrial PVDF-based ultrafiltration membranes required to be installed into 



(a) new water or wastewater treatment plants designed after EiF (including 



extensions of/changes to existing plants) subject to special conditions (low 



spatial requirements) for high quality purification of industrial and urban 



wastewater, process water and drinking water and (b) existing water or 



wastewater treatment plants ensuring possibility for maintenance and 



replacement during the operational life of the plant, both (a) and (b) until at 



least 15.5 years after EiF.”  



Importantly, the substitution timeline is developed for the scenario of replacing the PVDF-



based UF membranes one-to-one with an alternative-based UF membrane. The 



substitution timeline does not consider a switch to a completely different treatment 



technology. This is because PVDF-based UF membranes currently offer the only available 



option for providing high quality treated water (meeting current and future EU regulations) 



in the small footprint required by relevant municipal and industrial DUs. In addition, for 



existing DUs, once a specific plant setup is decided and constructed little to no adaptations 



are possible regarding the core treatment unit. In other words, a plant designed for 



water/wastewater treatment via UF membranes will always rely on the usage of UF 



membranes and cannot simply switch to a completely different treatment technology. More 



specifically, in case a PVDF UF membrane is chosen, customers need to be able to replace 



the membranes with PVDF UF membranes once end-of-life (10 - 20 years) is reached. 



Otherwise, critical parameters like plant capacity (water volume treated per day) and 



water quality cannot be met. Notably, these parameters are pre-defined during plant 



design and need to be guaranteed throughout a plant’s service life (40 - 50 years). Besides 



technical arguments, costs play another important role for customers. PVDF UF 



membranes have the best price-to-lifetime ratio available on the market.  



However,  is eager to increase the sustainability of the manufacture, application, 



and disposal of their PVDF-based UF membranes. For this purpose, the company 



developed a sustainability commitment that will fully apply during the required 15.5-year 



derogation. For the actions forming the sustainability commitment,  considered the 



entire lifecycle of their membranes starting from membrane manufacture and through 



disposal at end-of-life (EOL).   



Based on the impact assessment, a restriction of PVDF membranes would result in socio-



economic impacts valued at EUR  million in 2025 or EUR  million 



per year for 15.5 years for the EEA society whilst any releases to the environment across 



all life cycle stages are controlled. It must be emphasised that these implications only 



present a partial picture of the overall impact of a restriction. The impact under this 



submission is only quantified for  and its DUs. The overall impact of a future PFAS 



REACH Restriction on the EEA society are expected to be much higher. 
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APPENDICES 



Appendix 1: Financial figures for  



Figure 24 and Figure 25 below display ’s annual sales revenues and annual Earnings 



before interest and taxes (EBITs) respectively that are dependent on the production of 



PVDF UF membranes.
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FIGURE 24: ACTUAL AND FORECASTED PVDF-DEPENDENT ANNUAL SALES REVENUE FOR  IN EUR MILLION. 
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FIGURE 25: ACTUAL AND FORECASTED PVDF-DEPENDENT ANNUAL EBIT FOR  IN EUR MILLION.
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Appendix 2: Explanation on NPV calculations 



Annualised value cost Ct is set out below  



𝐶𝑡 =
I × s



1 − (1 + 𝑠)−𝑡
 



Where Ct is the annualised investment cost in year t  



I = Investment  



t = year (until year n)  



s = discount rate 



 



The equation to use for calculation of the Present Value (PV) of costs is set out below: 



 



𝑃𝑉𝑐 = ∑
𝐶𝑡



(1 + 𝑠)𝑡



𝑛



1



 



Where PVC is the present value of the costs 



  



t = year (until year n) 



s = discount rate  



Ct = cost in year t 



 



The equation to use when calculating the Present Value of benefits is:  



𝑃𝑉𝐵 = ∑
𝐵𝑡



(1 + 𝑠)𝑡



𝑛



1



 



 



Where PVB is the present value of the benefits  



 



t = year (until year n)  



s = discount rate  



Bt = benefit in year t  



 



The Net Present Value (NPV) is calculated as the benefits minus the costs: 



 
𝑁𝑃𝑉 =  𝑃𝑉𝐵 −  𝑃𝑉𝐶  
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Appendix 3: Product Data Sheet   











ANALYSIS OF ALTERNATIVES and SOCIO-ECONOMIC ANALYSIS 



 



No copying/ use allowed – property of   



91 



Appendix 4: Product Data Sheet  
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Appendix 5: Product Data Sheet   
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PROVIDED AS COMMENTS TO THE PUBLIC 
CONSULTATION ON THE REACH RESTRICTION 
PROPOSAL ON PER- AND POLYFLUOROALKYL 



SUBSTANCES (PFAS) 
 



Submitted by:  
 1 



  



Date: June 29, 2023 



  



Substance: Polyvinylidene fluoride 



CAS No.: 24937-79-9 



EC No.: 607-458-6 



  



Industrial PVDF-based ultrafiltration membranes required to be installed into (a) new 
water or wastewater treatment plants designed after EiF (including extensions 
of/changes to existing plants) subject to special conditions (low spatial requirements) 
for high quality purification of industrial and urban wastewater, process water and 
drinking water and (b) existing water or wastewater treatment plants ensuring 
possibility for maintenance and replacement during the operational life of the plant, both 
(a) and (b) until at least 15.5 years after EiF. 



 
1 Countries of sales and service:  
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the due measures of protection that we have implemented, a member of the public should 
not be able to obtain access to this information without our consent or that of the third 
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1 SCOPE OF THIS REPORT 



 uses polyvinylidene fluoride (“PVDF”) 
to produce ultrafiltration membranes at its  site located in  
Importantly, no polymerization process is carried out at the site because  purchases 
the PVDF polymer from an EU-based supplier. The  UF membranes manufactured in 
the plant in  are sold within the EEA and the rest of the world. 



’s UF membranes are critical components to industrial-scale water and wastewater 
treatment plants (“WWTP”) owned by municipalities, water companies and industrial 
companies in the European Union (“EU”) and all over the world. UF removes particles, 
pathogens (parasites, bacteria, and viruses), microplastics and combined with adsorption 
removes micropollutants (such as pesticides, pharmaceuticals, personal care products 
(“PCPs”), endocrine disruptors (“EDs”)) from liquid media (water). Through this PVDF-
based UF, the membranes achieve high quality water purification in the following 
applications: 



● Application 1: Production of Industrial Process Water; 



● Application 2: Production of Municipal Drinking Water; 



● Application 3: Treatment of Industrial Wastewater; 



● Application 4: Treatment of Urban Wastewater.  



 manufactures the following types of PVDF membranes:  
   (together “PVDF Ultrafiltration (“UF”) 



membranes”). 



The  site receives  (50 – 500 t) of PVDF raw material per 
year, The substance is used for the production of PVDF UF membranes. 



Where applicable, the potential of exposure of employees and to the environment to PVDF 
is highlighted. Measurements and studies analyzing properties relevant for the assessment 
of emissions and/or exposure to the environment are provided in section 4. 



This Chemical Safety Report (“CSR”) is part of the  derogation submission from the 
PFAS2 Annex XV REACH3 Report (“PFAS REACH Restriction Proposal”). The derogation 
submission also consists of an Analysis of Alternatives (“AoA”)/Socio-economic analysis 
(“SEA”) provided separately. The aim of this CSR is to provide information on the 
substance identity of PVDF, its composition, stability, and degradation (section 2). Most 
importantly, this document shall provide information on Risk Minimization Measures 
(“RMMs”) and Operational Conditions (“OCs”) of the manufacture, use and disposal of 
membranes during their life cycle (section 3). Potential emissions during the life-cycle 
stages are outlined. Measurement results and laboratory studies on degradability are used 
to support the hypothesis that environmental emissions from the manufacture and use 
stages of membranes made of PVDF are minimal (section 4). An overall conclusion based 



 
2 Per- and polyfluoroalkyl substances 
3 Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 18 December 2006 
concerning the Registration, Evaluation, Authorisation and Restriction of Chemicals 
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on substance stability, emission sources and measured/laboratory data is provided in 
section 5. 



 is also committed to increase the sustainability of the manufacture, application, and 
disposal of its PVDF-based UF membranes. For this purpose, the company developed a 
sustainability commitment that will fully apply during the required 15.5-year derogation.  



With this information submitted as comments to the public consultation on the PFAS 
restriction proposal,  aims to achieve a minimum derogation of 15.5 years (from EiF) 
for the manufacturing and placing on the market of PVDF-based UF membranes. By 
obtaining a time-bound derogation from the upcoming PFAS Restriction,  ensures 
supply for the growing need (urbanization and related population growth, stricter water 
quality parameters, climate change, sustainable industry, etc.) of this advanced water and 
wastewater treatment technology across the EU and the rest of the world (see chapter 5.1 
of AoA/SEA).  considers that its PVDF use is not fully covered by any of the currently 
proposed derogations in the PFAS REACH Restriction Proposal. Therefore,  requests 
a specific derogation which is described in detail in the AoA/SEA.  
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2 PHYSICOCHEMICAL PROPERTIES OF PVDF 



PVDF is obtained from . Its identity is described 
in Table 1 and its structure is shown in Figure 1. PVDF homopolymers are polymerized 
from vinylidene fluoride (“VDF”, 1,1-difluoroethylene) either via a suspension or an 
emulsion process to control for the melting temperature and crystallinity ratio targeted for 
the specific products ( ).  



Table 1: Substance identity 



EC number 607-458-6 



CAS number 24937-79-9 



Chemical name Ethene, 1,1-difluoro-, homopolymer 



Other names Poly(vinylidene fluoride) (PVDF) 



Molecular formula -(C2H2F2)n- 



 



 



Figure 1: Structural formula of PVDF 



 has a purity of > 99.9%  ( ). The 
impurity content is < 0.1%.  



 (  
), and is described as a very high molecular weight PVDF homopolymer in powder 



form ( ). Physicochemical properties of PVDF are 
summarized below in Table 2. 
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Table 2: Physicochemical properties of PVDF 



Property Description of key information Source 



Physical state solid  



Melting/freezing point 170–175 °C  



Density 1.7–1.8 g/cm³ 
(bulk density: 0.5–1 g/cm³)  



Vapour pressure not applicable  



Partition coefficient n-
octanol/water (log value) not applicable  



Water solubility insoluble  



   



   



As indicated above, the base material for the PVDF material is the monomer VDF. VDF has 
a very low boiling point of - 83°C (NCBI, 2023), and it is readily volatilized (and captured 
or destroyed) during polymer manufacture processing and drying steps (Korzeniowski et 
al., 2023). Furthermore, the residual VDF monomer concentration in PVDF has been 
reported as < 50 ppb (Korzeniowski et al., 2023); this is in line the reported purity of PVDF 
used for the production of membranes, which has a concentration of > 99.9 % (  



). In total  of PVDF have been received by the  
 membrane manufacturing plant in 2022. Considering an assumed monomer 



content of < 50 ppb (see above) a total amount of <  g VDF/year may be expected as 
residues in the manufacturing plant. 



Table 3: Specific properties of VDF 



Property Description of key information Source 



VDF boiling point: -83°C  NCBI (2023) 1) 



Water solubility Insoluble; 
164.9 mg/L (at 25°C) 



NCBI (2023) 1) 



Partition coefficient log Kow = 1.24 NCBI (2023) 1) 



VDF monomer content in PVDF < 50 ppb Korzeniowski et al.  
1) Data directly extracted from NCBI, a secondary source of literature 



The use of fluorinated processing aids in the PVDF raw material is highlighted in a letter 
(April, 2022) from the manufacturer as follows:  



“[…] To the best of our knowledge concerning relevant raw materials and 
manufacturing processes,  



 is produced without any intentional use and/or addition of (Per- and 
polyfluoroalkyl substances, PFAS) fluorinated process aids including PFOA 
(Perfluorooctanoic acid), its salts and PFOA-related compounds. However given the 
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ubiquitous nature of PFAS, the presence of unintentional impurities of these 
substances could exist. […]” 4 



The communication is attached in Annex 3. 



Reactions resulting in the generation of VDF monomers during membrane mixing solution 
preparation are considered to be excluded based on physicochemical behavior of the 
polymer. According to the manufacturer’s information, PVDF shows a high chemical 
stability against most inorganic acids and salts, organic acids, alcohols, ethers, aliphatic 
and aromatic hydrocarbons ( ). It is furthermore resistant 
against crude oil and fuels, as well as halogens (except fluorine) (  



). A more detailed overview on substances, concentrations and associated 
maximum temperatures may be found in the referenced document. Dimethylformamide, 
dimethylsulphoxide and N-methylpyrrolidone (“NMP”) are listed as classic polymer 
solvents ( ); as described later, NMP is also used by  
during membrane manufacturing.  



PVDF may also be subject to chemical attack from free radicals and bases  
). As outlined by Rabuni et al. (2013) and Marshall et al. (2021) mild or 



strong (pH ≥ 11) basic conditions, respectively, may lead to degradation of PVDF. 
However, expert knowledge and experience of  shows that membranes last years 
under typical working conditions in drinking water and wastewater plants. Degradation as 
described above would lead to loss of polymer properties, loss of mechanical membrane 
integrity and would result in membrane failure, which is monitored frequently during 
operation. Such deterioration process, even if not so intense, would be well monitorable 
by the membrane integrity decline and also by the brownish discoloration of the membrane 
fibers in the modules which is not the case and is never reported. Membranes are thus 
stable under typical conditions in areas of intended application.  



In general, PVDF is stable to a temperature of ~ 400°C (cf. section 4.4.1); therefore, no 
thermal degradation is considered in the areas of actual application of PVDF UF membranes 
(~ 0- 40°C). As no thermal degradation is assumed, no generation of VDF or other PFAS 
by-products is expected either from manufacturing or during the subsequent uses of the 
membranes. 



Further information on stability of PVDF can be found in section 4.4, where details on 
incineration and anaerobic biodegradation are given. The Safety Data Sheet of  



 can be found in Annex 4. 



 
4 “PFOA”, Perfluorooctanoic acid 
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3 LIFECYCLE STAGES OF PVDF AND MEMBRANES RELATED TO 
 APPLICATIONS 



3.1 PVDF transportation 



PVDF is delivered to the  site in  ~ 30 times per year. In total, the site 
received  of PVDF in 2022. The PVDF raw material is received in a three-layered 
transportation system. Two outer layers made of polyethylene shrink wrap and an octabin 
cardboard box provide structural stability to the packaging system and protect the content 
from moisture. Importantly, environmental contaminants are effectively prevented by the 
packaging system.  



The raw material PVDF is located in a super sac/big bag made of polypropylene within the 
octabin cardboard box. The big bag is not porous, preventing emissions from dust, and 
keeping the raw material, and surroundings uncontaminated. The big bag is also directly 
used for further unloading tasks. Example pictures are provided below. 



 



Figure 2: Transportation system of PVDF raw material consisting of three layers 
Panel A) displays shrink-wrap packaged octabin container, panel B) shows the big bag after removal of shrink-
wrap within the cardboard box, panel C) indicates the unloading procedure required for mixing processes in 
Unloading & Mixing Area 2. 
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The unloading part of the Unloading & Mixing Area 1 has no specific Local Exhaust 
Ventilation (“LEV”) or other air extraction system in place, and no exhaust air emissions 
are emitted from this process location. To reduce worker exposure to process chemicals 
as well as PVDF as dust, employees conducting the task wear nitrile gloves (EN 374-1), a 
disposable protective lab coat (EN 1149-1), and respiratory protective equipment (“RPE”) 
in form of a full-face respirator (EN 136) with a particle (EN 143 P2) or combined filter 
(EN 14387 ABEK2P3). Worn personal protective equipment (“PPE”) is visible in the 
overview of Unloading & Mixing Area 1 (Figure 4). 



It is worth noting that the average particle diameter of  was analyzed 
as 112.2 to 119.7 µm in a study conducted for  in 2022. Smaller particles (1st decile) 
were identified as 68.7 to 70.5 µm, with larger particles (9th decile) in the range of 163.0 
to 182.9 µm. According to a publication by the European Commission Joint Research 
Center (2002) particles with an aerodynamic diameter of > 100 µm “are not included in 
the inhalable convention”, while particles with an aerodynamic diameter of 10 µm are 
counted towards the thoracic fraction; smaller particles (aerodynamic parameter of 4 µm) 
are considered respirable. While the reported particle size of  relates 
to the measured diameter, and not the aerodynamic diameter, a direct comparison is not 
possible. However, as the average density of PVDF homopolymer is 1.78 g/cm³ and PVDF 
is reported to consist in most cases of spherulites (phase α) (  



), the data might serve as an indicator that the respirable or even inhalable fraction 
of PVDF dust is low. 



Used PPE and packaging materials are disposed as hazardous waste under European Waste 
Code 150110*, as contaminated packaging material, and 150202* as contaminated PPE.  



 



Figure 4: Overview on Unloading & Mixing Area 1 – Unloading Station 
During the task the employee wears adequate RPE. However, due to reasons of data protection this section of 
the image has been redacted. 
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In the second unloading and mixing area (internally termed MMP mixing area) 56 % of 
the PVDF raw material is processed. In this area, Big Bags are brought in every  days. 
big bags are completely unloaded during these occasions, there is no temporary storage 
in the area. A batch used for production of membranes is  



. 



● The octabin containing the PVDF in a big bag is transported to the loading position 
using a pallet-jack. 



● The big bag is removed from the octabin using a crane (Figure 5 – Panel A). 
● The bottom of the big bag is connected to the loading system inlet. 
● The contents of the big bag are transferred to a storage silo in a closed dust 



conveyor system. A LEV is connected to the unloading point (Figure 5 – Panel B). 
● On demand, PVDF is transferred to the scale tank, and subsequently loaded into a 



selected mixing tank. 



 



Figure 5: Overview on Unloading & Mixing Area 2 (A) and LEV system connected 
to unloading system 
During the task the employee wears adequate RPE. However, due to reasons of data protection this section of 
the image has been redacted. 



Used PPE and packaging materials are disposed of under the waste codes described above.  



With regard to the LEV, air is filtered to capture PVDF and other organic dust. However, 
no air is emitted to the environment. An F7 type bag filter (previous EN 779 standard) is 
used. This filter has an efficiency of 80 to 90% of filtering dust with particle sizes of 0.4 
µm. While no direct conversion to the new ISO 16890 standard is possible, it is considered 
by  technical experts that the closest category that fits the parameters above is ePM1 
60%. 



PVDF and other organic dust ingredients trapped in the auxiliary exhaust filter is regularly 
emptied and disposed as hazardous waste (16 05 08*). Waste extracted from the filter 
system is collected in a polyethylene (“PE”) bag via a dedicated valve (Figure 6). This 
process is conducted ~ 1 per year. An estimated amount of < % of filtered waste 
(PVDF and other organic dust) is collected and disposed annually. 
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The filter itself is cleaned automatically in a closed system via air scouring using 
compressed air. During this process, the dust particles collected by the filter are dislodged 
and collected in the PE bag underneath.  



 



Figure 6: Filter system and waste collection 



3.3 Manufacturing 



PVDF UF membranes manufactured in the  manufacturing plant are hollow fiber 
and may be manufactured either with or without an internal support structure. The 
support, if used, is a polyester woven, hollow format structure called braid. Braids are 
used for required stability and flexibility. The manufacture of braid supports has not been 
considered in this CSR, as the process does not contain PVDF, and is conducted before 
PVDF is introduced into the process. Depending on product type and support required, 
manufactured membrane fibers are formulated into sheets or bundles before being 
assembled into modules and cassettes. An overview on the production process is given in 
Figure 7. The process steps are explained in more detail in the following sub-sections. 



Tasks related to the manufacturing of filtration membranes, as well as, module production 
are conducted continuously on a daily basis. 
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(EN 143 P2) or combined filter (EN 14387 ABEK2P3). Contaminated PPE is treated as 
hazardous waste during all process steps (including the unloading of PVDF) and is shipped 
off for incineration. Work clothes worn underneath disposable Tyvek suits or lab coats are 
not disposed of but cleaned by the company they are leased from. 



3.3.1.2 PVDF UF membranes manufacturing 



Membranes are produced on spin-lines. Several spin-lines are installed to produce the 
range of products manufactured in the  site.  



The membrane casting solution mixture is pumped through a special annular die into a 
coagulation bath of  where the final hollow membrane is formed. In the coagulation 
NMP solvent is exchanged with water, in which only soluble components will dissolve; the 
membrane forming polymer will not dissolve, but precipitate, thereby generating the 
porous coagulated polymer membrane structure. The hollow tubular form of the 
membrane is realized by either using a support braid material (see section 3.3) or via use 
of a bore fluid of different composition (e.g., ).  



All spin-line baths for coagulation and rinsing are equipped with local air exhausts 
connected to point source emission points. These serve mainly for the emission control of 
NMP. Amongst the measured substances each air emission point source is subject to a 
permit which requires the plant to conduct air measurements every 5 years, or if there is 
a change in technology.  



Results are submitted to the regional environmental agency for approval. There are no 
further emission sources in this area. Fresh air for the spin-line areas (which are located 
in a large open process hall) is provided by central HVAC units. 



Wastewater from the tanks is directed to the factory industrial WWTP for treatment. 
Wastewater is passed through a membrane bioreactor (“MBR”) with PVDF UF membranes. 
Additional info on wastewater are presented in section 4.2.3. 



Membranes and remnants of casting solution mixture which are not fully coagulated are 
handled as hazardous waste under code 06 10 02. Scrap membrane is generated for 
example when the composition of the membrane mixture is changed and the spin-line has 
been re-started; it is determined by several quality parameters if membranes are 
considered scrap material (e.g., incorrect diameters). Scrap membranes that have 
undergone full coagulation are handled as non-hazardous waste under code 07 03 13. 



The end-part of a spin-line i.e., where the freshly-made membrane fiber is collected on 
spools is shown in Figure 9. 
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There are no point source air emissions in this process step. Scrap modules (rare) are 
handled as non-hazardous waste under code 07 03 13. The wastewater (glycerine, sodium 
hypochlorite water) generated in this area is directed to the industrial WWTP for treatment. 



3.3.2.4 Cassette assembly 



In the final production step, membrane modules are assembled into cassette frames. As 
a first step, the cassette frame is assembled, and the integrity of the permeate system of 
the cassette frame is tested. After loading of modules (e.g., 52 modules as the most 
common cassette setup) into the frame, the integrity of the cassette is tested (dry PDT). 



After assembly and passing of QC requirements, the cassette is packed and prepared for 
delivery in crates.  



3.4 Service life of the PVDF UF membranes 



The standard service life of a membrane is ~ 10-20 years. No PVDF emissions from the 
membranes are expected during the service life. To support the hypothesis that PVDF 
membranes are stable and environmental exposure of PVDF by the use of membranes is 
small,  commissioned leaching tests on aged membrane material. The results are 
described in section 4.3.4 below. 



For a detailed description of the service life of  membranes, please refer to the 
AoA/SEA.  



3.5 Disposal procedure 



At EOL, PVDF UF membrane modules are disposed of by customers through incineration 
(hazardous/non-hazardous) or landfills (hazardous / non-hazardous).  has 
conducted a survey amongst its DUs. Based on the responses (n = 14 DUs) it was 
concluded that 45 % (n = 4) of used PVDF UF membranes are landfilled and 55 % (n = 5) 
are incinerated, 5 DUs did not provide answers (not reaching end-of-life yet). Recycling is 
not considered in this assessment.  



As indicated previously,  has commissioned studies to further examine the potential 
for releases from incineration and anaerobic biodegradability. The results are displayed in 
sections 4.4.1 and 4.4.2. It is furthermore highlighted that, as part of this comment,  
commits to complete an ongoing feasibility study on the recycling of EOL membranes and 
study and develop guidelines on the disposal of used membranes via incineration. 
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4 PFAS EMISSIONS DURING THE LIFE-CYCLE OF THE PVDF UF 
MEMBRANES  



4.1 Overview of residues/emissions 



Potential PFAS emissions have been investigated for all relevant life stages 
(manufacturing, use phase and end-of-life phase).  



● Manufacturing: PFAS leaching from raw material has been tested and also 
different sources for emissions have been investigated for PFAS/PVDF residues 
(e.g., dust, wastewater and other waste articles).  



● Use phase: PVDF membranes with different ‘service times’ have been investigated 
for PFAS leachates. 



● End-of-life phase: Disposal to incinerators have been discussed and anaerobic 
degradation (representing disposal to landfill) have been tested for PVDF 
breakdown/stability.  



Overall, no breakdown of PVDF (except incineration) could be observed and also no 
relevant PFAS concentrations were detected or are to be expected during the different life 
stages of PVDF.  



4.2 Manufacturing of PVDF UF membranes 



4.2.1 Workplace exposure 



The PVDF is transferred in “unloading areas” where a filter system is installed with a filter 
mesh size of F7 according to old EN 779 standard (means efficiency 80-90% of filtering 
particle size of 0.4 µm). This is equivalent to the new ISO 16890 standard “ePM1 60%”. 
Considering the implemented filter system, it is highly unlikely for PVDF particles to pass 
the filter system, as its 1st decile particle size is 69.5 µm according to  internal data 
and is thus larger than the filter particle size by a factor of 173. 



Workplace exposure to PVDF may mainly occur at Unloading Areas 1 & 2: 



● In Unloading Area 1 any PVDF powder spilled or PVDF dust accumulated in the zone 
is swept / vacuumed then sent to hazardous waste incineration. 



● Unloading Area 2 has an LEV system for the collection of dust; dust is transferred 
to a PE bag. Collected dust is disposed of as hazardous waste. Dust from filter 
cleaning is also collected in a PE bag and disposed of as hazardous waste. Any PVDF 
powder spilled or PVDF dust accumulated in the zone is swept / vacuumed then 
sent to hazardous waste incineration. 



Less than  % of the total PVDF/year used for membrane production in  
membrane manufacturing plant is emitted as dust. This is equivalent to <  kg PVDF when 
considering the tonnage used for PVDF manufacturing in 2022 (i.e. ). 



4.2.2 Exhaust air emissions 



Based on the process description outlined above, no emissions of PVDF to exhaust air are 
expected. Main sources for potential contaminations and emissions are areas in which 
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PVDF raw material is handled, before it is dissolved for the membrane casting process. A 
LEV system is installed in Unloading & Mixing Area 2. However, PVDF dust extracted with 
this system is not emitted into the environment but filtered and collected. It thus primarily 
serves to control workplace exposure towards PVDF in dust form. In Unloading & Mixing 
Area 1 no LEV is installed. In later process steps (after dissolving PVDF) LEV systems are 
mainly installed to control for solvent exposure. 



Based on physical / chemical properties of PVDF polymer as well as the process structure 
no PVDF is expected to be emitted via air/vapor exhaustion.  



• (1) When PVDF is introduced  
and thus the solution 



viscosity is relatively high, reducing the chance that PVDF in any form would be 
emitted via NMP vapours. 



• (2) During the dosing of PVDF there is no vacuum applied in the  kg level 
(Unloading Area 1) casting solution mixing which minimizes the chance for PVDF 
powder to leave the mixer. 



• (3) During the dosing of PVDF there is vacuum applied in the  kg level 
(Unloading Area 2) casting solution mixing, but the vacuum is used to pull PVDF 
powder into the solution from below the solution level into an already elevated 
viscosity solution which minimizes the chance to have PVDF powder escaping from 
the solution through the vacuum system 



• (4) Even if there is certain NMP vapour pressure measurable in the gas phase in 
the closed mixer kept under reduced pressure during mixing, the chance that 
dissolved PVDF molecules would be co-evaporating from the liquid into the gas 
phase is considered extremely low due to the very high molecular weight of the 
polymer and logically assumably low vapour pressure of the solid material even in 
dissolved state. 



In addition to these arguments,  is nonetheless committed to investigate analytical 
means / methodology to detect PVDF in air.  



4.2.3 Wastewater emissions 



For PVDF membrane production, about 1000 to 1300 m3 industrial wastewater per day 
(not combined with flushing toilets, showers, etc.) are emitted from spin-line operation, 



, cooling water for mixing and used reverse osmosis water from testing 
tanks. Before the wastewater enters the municipal sewer system, it is purified/treated at 
various stations (Equalization Tank 1: coarse screen, Equalization Tank 2: Pre-treatment 
– drum screen 1 mm, MBR and sludge treatment/dewatering for land application).  



It is assumed that no PVDF is emitted by industrial process wastewater as PVDF is insoluble 
in water and it is not considered to be able to pass in any form (solubilized or suspended) 
through the membrane bioreactor (MBR) with ultrafiltration membrane (pore size about 
10 to 50 nm). 



Water samples were taken at different stages of water treatment and were screened for 
PFAS compounds (see Annex 5) in 2021 and 2022 by two laboratories using liquid 
chromatography-tandem mass spectrometry (“LC-MS/MS”) following EPA 533 and 
internal method GLS OC 400:2021-04-15, respectively (  and Eurofins Wessling 
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.). No relevant5 PFAS concentrations above the reporting limit (1.0 ng/L in 
 report; 17 to 65 ng/L in Eurofins report) were identified.  



In addition, wastewater samples were taken at different stages of water treatment and 
analyzed by a contracted laboratory using gas chromatography-mass spectrometry 
(“GC/MS”) for residues of organic fluorine compounds (e.g. CHF2+, CF3+, C2HF3+ or 
C3HF6+). However, concentrations above the detection limit of 0.15 mg/L were not found 
indicating that PVDF does not degrade during manufacturing. 



Analyzed PFAS and organic fluorine compounds were below analytical detection limits in 
wastewater samples and thus none of the analyzed PFAS is expected in the sludge 
produced by the WWTP.  is however committed to analyze the sludge for 
completeness in this series of analysis. 



Please note however that raw material leaching tests identified TOF values above the 
detection limit. Due to the production process small amounts of leached TOF may thus end 
up in wastewater and sewage sludge (see section 4.3.2).  



4.2.4 Process waste 



Different waste articles could occur during the PVDF membrane manufacturing process 
e.g., filters, scrapped membrane casting solution, and scrapped membranes. This waste 
can contain PVDF and are either incinerated or disposed of in landfills. It was estimated 
that during production around  % of ordered PVDF are discarded as process waste. 
Quantities of PVDF waste for different production steps are presented in Table 4. 



Please note that the waste treatment is considered similar for process waste and waste 
occurring at the end of the membrane service life. Waste treatment is described in 
section 4.4.



 
5 In the  report, the lab blank and field blank samples indicate a PFBA contamination of approx. ~2 ng/L. 
Concentrations up to 6.4 ng/L were detected and are considered background concentrations not related to PVDF 
membrane manufacturing. Moreover, PFPeA has been identified above the reporting limit in the field reagent 
blank (1.1 ng/L) and in few wastewater samples up to concentrations of 2.3 ng/L. 
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Table 4: Overview on process waste during membrane manufacturing 



Waste name/origin Waste description EU waste 
code/labelling 



Final destination Waste/year % PVDF in waste PVDF in total 
waste/year 



Organic chemical waste e.g., dust from raw 
material PVDF 



16 05 08 
Organic chemical 
waste (hazardous 
waste) 



Hazardous 
incineration 



2019:  kg 
2020:  kg 
2021:  kg 
2022:  kg 



 % 1) 2019:  kg 
2020:  kg 
2021:  kg 
2022:  kg 



PVDF Packaging3) & 
PPE / unloading zone 



PVDF powder plastic 
liner packaging & PPE 



07 02 13 
Non-hazardous 
Plastic waste 



Hazardous 
incineration 



<  kg <  % 1) <  kg 



Scrapped membrane 
casting solution/ 
membrane 
manufacturing 



Liquid membrane 
coating material 



06 10 02 
Hazardous Chemical 
Preparation Waste 



Hazardous 
incineration 



2019:  t 
2020:  t 
2021:  t 
2022:  t 



 %1) 2019:  t 
2020:  t 
2021:  t 
2022:  t 



Scrapped membranes / 
membrane 
manufacturing 



Coated (  %) and 
uncoated (  %) 
membranes.  % Dry 
/  % wet 
membranes 2) 



07 02 13 
Non-hazardous 
Plastic waste 



Non-hazardous 
landfill 



2019:  t 
2020:  t 
2021:  t 
2022:  t 



 %1) 2019:  t 
2020:  t 
2021:  t 
2022:  t 



1) Indicative 
2) Dry & wet membranes refer to glycerinated & non-glycerinated membranes 
3) PVDF powder cardboard packaging is not included in the table as it is recycled. No contamination with PVDF for the cardboard packaging is expected as a “super sac” is 
used which is a physical barrier to block any contamination from outside in and PVDF from inside out. The “super sac” is a non-porous material that blocks gases and dust to 
pass through. 
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4.3 Use phase of PVDF UF membranes 



 PVDF UF membranes have been rigorously tested and meet drinking water 
standards throughout the world. Certifications include NSF 61, NSF 419, KTW (Germany), 
KIWA (Netherlands), ACS (France), DWI (UK), ICIM (Italy), Hungary, Poland, Czech, MOH 
(China), KWWA (Korea). Information on potential PFAS release during the use of  
PVDF membranes for drinking water treatment can be derived from these certificates. NSF 
61 (NSF/ANSI/CAN Standard 61) certification requires the assessment of 
Hexafluoropropene and VDF release. Other certifications, like ACS in France, impose very 
strict requirements including testing for "unexpected organic substances". 



In addition to these certificates, a set of leaching tests were performed to investigate 
potential release of PFAS and total organo-fluorine (“TOF”) from PVDF membranes 
focusing on the following life-cycle stages of PVDF: 



● Raw materials  used by  for membrane production; 
● Newly produced (pristine) PVDF membranes; 
● PVDF membranes already in use/installed in water/WWTP for some years. 



PFAS analyses were conducted by  North American R&D Analytical Laboratory based 
in , USA. TOF analyses were conducted in the laboratories of Bureau Veritas 
(Canada). 



It is also important to mention that during the use phase of PVDF UF membranes, the 
performance of the membranes and as a consequence, the integrity of the membranes, is 
continuously controlled and monitored through turbidity measurement and other relevant 
water quality parameters. In addition, for Municipal Drinking Water application, a 
membrane integrity test is automatically performed on a daily basis. Integrity failures are 
caused by upstream failures causing damage to the downstream membranes (e.g., debris 
entering the treatment system). Failures are not caused by polymer material degradation. 
This has been found to be the case in every autopsy completed by  when following 
up on integrity failures at customer plants. 



4.3.1 Background concentrations 



4.3.1.1 PFAS 



As certain background concentrations of different PFAS compounds can be found in the 
environment, it is important to consider these background contaminations for the analysis. 
In order to account for these background concentrations, laboratory equipment and 
chemicals were analyzed and showed the following results: 



• The chemicals used for PFAS determination by the analytical laboratory contained 
2 ng/L perfluorobutanoic acid (“PFBA”) and 2-3ng/L perfluorooctanesulfonic acid 
(“PFOS”) above detection limit. These values for PFBA and PFOS were considered 
as analytical background for all PFAS measurements performed and thus, the 2 
ng/L PFBA and 2-3 ng/L PFOS background values were subtracted from the 
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measured PFBA and PFOS concentration values while concentration values of other 
PFAS compounds were used as reported. 



● MilliQ ultrapure water used in all experiments was measured to contain no PFAS 
above the detection limit for all samples (considering analytical background PFBA 
and PFOS levels). 



● Hypochlorite solution used in all experiments was measured to contain <3.6 ng/L 
PFBA and no other PFAS compounds above the detection limit (considering 
analytical background PFBA and PFOS levels). 



● Hotmelt and UV glue was measured to contain low levels (1.6 ng/L) of PFBA and 
brought only this PFAS compound to the membrane leaching experiments which 
was considered within background. 



● Membrane filtration equipment was measured to add no PFAS compounds to the 
water-based membrane leaching experiments above detection limit. 



● Plastic packaging used for the used membrane samples from sites did not release 
PFAS above the detection limit. 



● Plastic beakers and cylinders were measured to bring ~6 ng/L PFBA to the PVDF 
raw material leaching experiments. 



● Filtration glassware were measured to bring ~4 ng/L PFBA to the PVDF raw material 
leaching experiments. 



● Nitrile gloves were measured to bring 4 ng/L PFBA and 2 ng/L PFOS to the PVDF 
raw material leaching experiments. 



Determination of PFAS detection limit 



The instrumental detection limits for the measured PFAS are 1 ng/l. As stated above, the 
chemicals used for PFAS determination by the analytical laboratory contained 2 ng/L PFBA 
and 2-3 ng/L PFOS and therefore these values were subtracted from the measured PFBA 
and PFOS concentrations while concentrations of other PFAS compounds were used as 
reported. 



4.3.1.2 TOF 



Sampling of laboratory equipment did not result in TOF concentrations above the detection 
limit (1 µg/L). 



4.3.2 Leaching test for PVDF raw materials ( ) 



Method 



In order to find any PFAS by-products and TOF within the PVDF raw material, 10 g of PVDF 
powder (raw material) was inserted in a glass filter packed in between two paper filter 
sheets. For the PFAS analysis, water (50 mL) was driven through the material and the 
process was repeated 10x times and finally diluted to 130 mL, which was collected in the 
sample vial. For TOF, the same method was used, but the raw material was extracted in 
390 ml of water without further dilution. 



The  laboratory applied the EPA 533 (solid phase extraction and LC-MS/MS) 
method to monitor 25 PFAS compounds in aqueous matrices with reporting limits of 1 ng/L 
(ppt). The entire 125 mL sample is loaded onto an anion exchange cartridge to capture 
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PFAS compounds and then eluted to generate a concentrated extract for liquid 
chromatography mass spectrometry analysis (LC-MS/MS). 



TOF analysis performed by the Laboratory of Bureau Veritas (Canada) used a combustion 
ion chromatograph following method  ( ). 
The limit of detection is 1.0 µg/L. 



Result 



Water-leached PVDF  raw material (10 g PVDF extracted with 50 mL water 
(10x), diluted to 130 mL) does not release any PFAS above the analytical detection limit 
(1 ng/L) or background levels. However, the measured TOF concentration was 8.7 µg/L in 
one sample. Of the analysed PFAS, no substance was measured at this level; this suggests 
an impurity of a different organo-fluorine compound within the raw material. It is however 
considered unlikely that the gaseous VDF is the source of the TOF as it would likely 
evaporate from the sample. 



Based on the mass of the sample and extraction volume (10 g raw material in 390 ml), a 
TOF amount of 339.3 µg/kg can be calculated. In relation to an annual tonnage of  t 
of PVDF, a TOF mass of  g/a may be expected within the  manufacturing plant.  



The TOF leaching from raw material may end up in the spinline wastewater and 
subsequently in the wastewater treatment MBR as no TOF was found to be leaching from 
newly produced membranes (see section 4.3.3). Although the emissions do not originate 
from  itself but from the raw material used for membrane production,  will 
carry out further investigations to understand the nature of this potential  g/a emission 
and its fate. 



4.3.3 Leaching test of newly produced PVDF UF membranes 



Method 



Pristine (newly produced, unused) membrane samples from the final filtration membrane 
product have been used to investigate potential PFAS and TOF release. Samples were 
taken from ‘the  Membrane Manufacturing Plant’. Two types of pristine 
membranes were used in this study: 



1.  membrane; 



2.  membrane.  



Both membrane types were received from the production plant in glycerol-wetted 
condition. Before use in the tests both membrane types have undergone the typical de-
glyceration process (water-soaking for 24 h at room temperature) which is also used in 
the field at water treatment sites. 



The membrane fibers were then formulated into 50 cm long closed loops and glued into a 
T-connector with hot glue and connected to the peristaltic pump of the filtration apparatus. 
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The membrane loop (50 cm) was used to permeate 600 mL water through the membrane 
recirculating the permeate using outside-in permeation mode for 48 h, 2 mL/min flow rate, 
40 lmh (L/m²h) flux at room temperature. In 48 h the fluid volume ( : 0.1 mL, 



: 0.4 mL) in the membrane lumen recirculated 57 600 times in the  and 14 
400 times in the  membranes. In 48 h the total solution volume (600 mL) was 
recirculated 9.6 times. At the end of the run a 130 mL permeate sample of the 600 mL 
was collected and sent for PFAS/TOF analysis. 



For PFAS analyses, samples were investigated by the  Laboratory following the 
EPA 533 (solid phase extraction and LC-MS/MS) method to monitor 25 PFAS compounds 
in aqueous matrices with reporting limits of 1 ng/L (ppt).  



The laboratory of Bureau Veritas (Canada) used a combustion ion chromatograph following 
method  to determine TOF in the samples. The limit of detection is 1 µg/L. 



Result 



The de-glyceration process (water-permeation, 24 h) of newly produced  and 
 membranes does not release PFAS above the detection limit or background 



concentrations of the measurement. 



48 h water leached sample of newly produced  releases PFBA and PFOS within the 
range of background levels of the laboratory equipment/chemicals (see 4.2 for 
consideration of PFAS background contaminations).  



48 h water leaching of newly produced and de-glycerated  and  membranes 
does not release PFAS above the detection limit or background concentrations of the 
measurement. 



48 h water leached samples of newly produced  and  membranes release 
no TOF above detection limit (1 µg/L). 



4.3.4 Leaching test for PVDF membranes already in use/installed 
in water treatment plants  



Method 



Used membrane samples have been taken from different water treatment plants with 
different applications and operational time to determine potential PFAS residues within the 
membrane. 



All membrane samples were harvested from different membrane modules of the actual 
plant and have been closed at both ends of the membrane fiber to avoid foulants to enter 
the lumen (permeate) side of the membrane. The membrane samples were packed in 
plastic bag and sent to  (  Membrane Development 
Lab). 
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Table 5: Information about PVDF membranes operated in water  treatment plants 
for years 



Location Application Module configuration Age  



WWTP Plant in Italy Urban MBR 340-sq ft  11-year-old membranes 



WWTP Plant in Italy Urban MBR 250-sq ft  6-year-old membranes 



WWTP Plant in Finland Urban MBR 370-sq ft  4-year-old membranes 



DW Plant in Italy Municipal DW 440-sqft  7-year-old membranes 



DW Plant in Germany Municipal DW 370 sq ft  11-year-old membranes 



DW Plant in Germany Municipal DW 370 sq ft  20-year-old membranes 



DW: Drinking water 



Pieces of clean bags were sampled for PFAS analysis for reference of packaging material. 
The fouled membrane fiber pieces were pre-cleaned with hypochlorite solution (1000 ppm) 
using inside-out permeation (30s/600s: 20 lmh/relaxation cycles) for 48 h and the 
permeated membranes were rinsed with ultrapure water after this sanitization and foulant-
removing process. Alternatively, some used membrane fibers were not pre-cleaned and 
were used as is.  



The membrane fibers were then formulated into 50 cm long closed loops and glued into a 
T-connector with hot glue and connected to the peristaltic pump of the filtration apparatus. 



The membrane loop (50 cm) was used to permeate 600 mL water or 1000 ppm 
hypochlorite solution through the membrane recirculating the permeate using outside-in 
permeation mode for 48 h, 2 mL/min flow rate, 40 lmh (L/m²h) flux at room temperature. 
In 48 h the fluid volume (  0.1 mL,  0.4 mL) in the membrane lumen 
recirculated 57 600 times in the  and 14 400 times in the  membranes. In 
48 h the total solution volume (600 mL) was recirculated 9.6 times. At the end of the run 
a 130 mL permeate sample of the 600 mL was collected and sent for PFAS analysis. 



The  laboratory used the EPA 533 (solid phase extraction and LC-MS/MS) method 
to monitor 25 PFAS compounds in aqueous matrices with reporting limits of 1 ng/L (ppt). 
The entire 130 mL sample is loaded onto an anion exchange cartridge to capture PFAS 
compounds and then eluted to generate a concentrated extract for liquid chromatography 
mass spectrometry analysis (LC-MS/MS). 



TOF analysis was analyzed by the Laboratory of Bureau Veritas (Canada) using a 
combustion ion chromatograph following method . The limit of detection 
is 1.0 µg/L. 



Results 



48 h water leaching of all tested drinking and wastewater application membranes do not 
release PFAS above the analytical detection limit and taking laboratory PFAS contamination 
background levels into account. Foulant removed from used membranes by water rinsing 
showed the highest concentration of PFAS and also the highest variety of PFAS. Analysis 
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of the foulant material showed concentrations about ~1-10 ng/L PFBA and ~1-7 ng/L 
PFOS, ~1-10 ng/L perfluorobutanesulfonic acid (“PFBS”), ~1-4 ng/L perfluorohexanoic 
acid (“PFHxA”), ~1-2 ng/L PFOA and ~1-10 ng/L perfluoropentanoic acid (“PFPeA”) 
(including potential background concentrations). The PFAS measured in the foulant on the 
membrane surface likely originated from the water/wastewater treated by the PVDF 
membranes.  



48 h water leached samples of used  and  membranes released no TOF 
above the detection limit. 



4.3.5 Conclusion on leaching tests 



Tests described in previous sections were conducted to answer the questions outlined in 
bold font. Brief summaries of the main results are reported below: 



● Does the raw material  used by  for 
membrane production contain/leach out PFAS compounds? 
PFAS analysis after water-based leaching showed no PFAS compounds higher than 
the limit of detection or background levels released from  



 raw material. 
● Does the raw material  contain/leach out organic 



compounds which can be measured by TOF? 
 raw material does contain measurable (8.7 µg/L) 



organic fluorinated compounds which can be considered as contaminants. 
● Do newly produced PVDF UF membranes leach out PFAS compounds? 



 and  membranes do not release PFAS compounds via water-
filtration above analytical detection limit or analytical background levels caused by 
the laboratory equipment. Typical field-related preparatory de-glyceration process 
(water-based rinsing) does not release PFAS compounds above analytical detection 
limit or laboratory background levels. 



● Do newly produced PVDF UF membranes contain/leach out fluorinated 
organic compounds which can be measured by TOF? 



 and  membranes do not release organic fluorinated compounds 
above detection limit (1.0 µg/L). 



● Do PVDF UF membranes already in use/installed in water treatment plants 
leach out PFAS compounds? 
PVDF UF membranes operated in wastewater and drinking water filtration 
applications up to 20 years from 6 different field examples were shown not to 
release PFAS compounds by water leaching above analytical detection limit when 
considering laboratory background concentrations. In one case, PFBS was 
measured in concentrations above the detection limit; however, this analyte might 
be attributed to PFBS from remaining foulant as related foulant samples showed 
higher concentrations of this substance.  



● Do PVDF UF membranes already in use/installed in water treatment plants 
contain/leach out fluorinated organic compounds which can be measured 
by TOF? 
PVDF UF membranes operated in wastewater and drinking water filtration 
applications do not release organic fluorinated compounds above the detection limit 
(1.0 µg/L). 
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4.4 End-of-service life 



The estimation of annual waste resulting from the end of service life is based on the volume 
of PVDF ordered by the manufacturing site in  In 2022, the site ordered ~  t 
of PVDF. It was estimated that during production around  % of ordered PVDF are 
discarded as process waste (cf. section 3.5 and4.2), being a sum of  % disposed to 
landfills and  % disposed to incineration. 



The remaining  t of PVDF are considered to be commercialized as membranes modules, 
of which  % are commercialized within the EEA. Consequently, a waste tonnage of  t 
of PVDF membrane modules is expected to be disposed as waste at the end of their service 
life. 



As indicated in section 3.5, a DU survey was conducted by . Of the total number of 
14 DUs, five DUs did not provide an answer to the question on waste disposal (membranes 
not reaching end of life); four DUs reported that modules are disposed to landfills (45 %), 
and five DUs reported that modules are incinerated (55 %). As outlined in the AoA/SEA, 



 strives to support the transition from landfilling to incineration of their DUs. 
Accordingly, it is estimated that from 2027 onwards no service life waste is landfilled. 
Please note that  currently works on a process optimization to reduce raw materials 
consumption (see details in section 5.5.2. of the AoA/SEA).  



PVDF waste based on commercialized PVDF from 2007 until 2040 according to the current 
situation, as well as, the optimized raw materials use scenario are presented in Table 6 
and Table 7, respectively. 
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Table 6: PVDF tonnages at end of service life based on PVDF commercialized 
within the EEA 



Year PVDF ordered 
(t) 



PVDF 
commercialized 
within EEA (t) 



End of 
service life 
(10 years) 
reached in 
year 



EEA waste based on 
commercialized PVDF (t)1) 
Landfill (non-
hazardous or 
hazardous) 



Incineration 
(municipal or 
hazardous) 



2007   2017   



2008   2018   



2009   2019   



2010   2020   



2011   2021   



2012   2022   



2013   2023   



2014   2024   



2015   2025   



2016   2026   



2017   2027   



2018   2028   



2019   2029   



2020   2030   



2021   2031   



2022   2032   



2023   2033   



2024   2034   



2025   2035   



2026   2036   



2027   2037   



2028   2038   



2029   2039   



2030   2040   



2031   2041   



2032   2042   



2033   2043   



2034   2044   



2035   2045   



2036   2046   



2037   2047   



2038   2048   



2039   2049   



2040   2050   
1) About 45% of commercialized PVDF within the EEA is disposed of in non-hazardous landfill and about 55% is 
disposed of via incineration in accordance to an downstream users (“DU”) survey.  
2)  strives to support the transition from landfilling to incineration of their DUs; accordingly, it is estimated 
that from 2027 onwards no service life waste is landfilled 
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Table 7: PVDF tonnages at end of service life based on PVDF commercialized 
within the EEA - optimized 



Year PVDF ordered 
(t) 



PVDF 
commercialized 
within EEA (t) 



End of 
service life 
(10 years) 
reached in 
year 



EEA waste based on 
commercialized PVDF (t)1) 
Landfill  
(non-
hazardous or 
hazardous) 



Incineration 
(municipal or 
hazardous) 



2023   2033   



2024   2034   



2025   2035   



2026   2036   



2027   2037   



2028   2038   



2029   2039   



2030   2040   



2031   2041   



2032   2042   



2033   2043   



2034   2044   



2035   2045   



2036   2046   



2037   2047   



2038   2048   



2039   2049   



2040   2050   
1) Including 50% PVDF recycling plan 
2)  strives to support the transition from landfilling to incineration of their DUs; accordingly, it is estimated 
that from 2027 onwards no service life waste is landfilled 



4.4.1 Incineration 



With regard to thermal degradation of PVDF, for example, Silva et al. (2020) reported that 
PVDF has a thermal stability but starts degrading in higher temperatures. The authors 
present that PVDF degradation occurs in two processes: (i) from 400 to 510 °C, and (ii) 
from 510 to 700°C. The majority of the polymer mass was reported to be lost in the first 
phase. A thermal stability up to 375-400°C was also indicated by  for the 
product . A comparable thermal stability of PVDF containing photovoltaic 
backsheets has been demonstrated by Danz et al. (2019).  



Moreover, Silva et al. (2020) summarize two competitive routes of thermal degradation of 
PVDF, leading to the formation of e.g., hydrogen fluoride and diene species, which 
subsequently will result in aromatization of macromolecules, or e.g., to 
halogenated/oxygenated compounds, VDF monomer and hydrogen fluoride. Similarly, 
Danz et al. (2019) indicate that “most of the fluorine was released into the gas phase 
during pyrolysis and incineration”. However, the generation of reaction products is 
expected following data published in literature (here: referred to fluorinated photovoltaic 
backsheets) (Danz et al., 2019). In a publication by Aleksandrov et al. (2019) on the 
incineration of PTFE – which is structurally similar to PVDF – it was reported that the 
substance does mainly transform to fluorine as hydrofluoric acid. It was also concluded by 
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the authors that PFAS identified in the incineration stream are likely related to 
contaminations.  



Based on the information summarized above, the formation of complex reaction products 
cannot be excluded during waste treatment via incineration. Overall, this image is reflected 
in the Annex B to the PFAS Annex XV REACH Report (ECHA et al., 2023), and it is stated 
that “most publications conclude […] that most sampled PFASs are destroyed >99%”. It 
is however highlighted in the Annex XV Report, that a discrepancy between laboratory and 
field data may exist, due to unacknowledging operational variations, and also PFAS may 
be used in the incinerator for pollution control, making it difficult to assess the actual 
emissions from an incinerator (ECHA et al., 2023). 



Municipal incinerators have been described to operate at a temperature of 850°C, while 
hazardous waste incinerators may reach higher temperatures (ECHA et al., 2023). It was 
therefore considered in Annex XV Report, that releases from incineration stations during 
waste treatment cannot be excluded. However, no estimation of releases from the 
incineration of waste has been derived as part of this report as no reliable degradation 
and/or release rates were identified for PVDF. It was considered not applicable to model 
emissions using default factors published, e.g. those published in the ECHA guidance on 
waste (ECHA, 2012), as it remains to be clarified if these are in the range of actual emission 
rates.  



It should furthermore be noted that  has also commissioned a study to examine 
emissions of PVDF and (the formation of) by-products. Results of this study are expected 
before end of 2023. In addition,  is in contact with the American Chemical Council 
(“ACC”) to collaborate on a program to carry out pilot scale tests followed by an industrial 
scale trial. Beyond  proposed R&D activities on PVDF incineration, we understand 
that comments related to PFAS incineration will be provided by Hazardous Waste Europe 
(HWE) and other stakeholders during the public consultation. 



4.4.2 Landfilling 



As PVDF is non soluble in water and stable under common environmental conditions, it 
can be considered to be not bioavailable. To provide more information about potential 
degradation under landfill conditions,  has carried out an anaerobic biodegradability 
study in accordance with ASTM D5511 (a standard test method for determining anaerobic 
biodegradation of plastic materials). This study should confirm the stability of PVDF in 
landfills. 



It is acknowledged though that landfilling conditions are not uniform. A possible solution 
to give more insights into disposal via landfill could be achieved by considering modelling 
results. However, due to the variety of environmental conditions in landfills, modelling of 
releases from landfills is difficult. In addition, no PVDF specific data/release rates were 
identified that may serve as indicators for the potential of releases to leachate. 
Consequently, it was not considered feasible to reliably estimate emissions from landfills 
via modelling due to the weak database. 



Method ASTM D5511 test 
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The objective of this test is to determine whether PFAS are formed as a result of PVDF 
membrane biodegradation under simulated landfill disposal conditions. The ASTM D5511 
test is conducted at 52°C and chopped  membrane, pure PVDF powder, a positive 
control (cellulose) and blank negative controls were tested. As an inoculum anaerobic 
digestate from urban  WWTP (Illinois, USA) was used. The different 
samples were incubated within the digesters for 60 days. Then samples were taken to 
determine potential degradation to PFAS in water and solids. 



After the main study was concluded, supernatant of the membrane, PVDF powder and 
positive control vessels were sent to the  laboratory in  After removal of 
solids by centrifugation and decanting, the prepared supernatant was tested for PFAS 
(see Annex 7) following EPA method 533 and the analysis was conducted using Solid-
Phase-Extraction-LC/MS (“SPE-LC-MS”). The reporting limits ranged from ~ 1-2 ng/L. A 
second control group (inoculum only) as well as a field blank were sampled at test start. 



Moreover, solids samples were drawn and analyzed in the laboratories by Bureau Veritas 
towards 22 PFAS compounds (see Annex 7) at test end. They were analyzed using SPE-
LC-MS, following method ASTM D7968-17a m. The detection limit was 1 µg/kg dry solids. 
Samples had to be pooled due to small sample volume in individual replicates. A second 
control group (inoculum only) as well as a field blank were sampled at test start. The 
detection limit was 20 µg/kg for these samples. 



 



Figure 14: Digester filled with 100 g anaerobic inoculum (18 to 25% dry solids) 
and 20 g of the testing sample. 



Results 



After 60 days of incubation, the anaerobic biodegradation study resulted in biodegradation 
rates of 5.9 % (membranes) and 1.6 % (PVDF powder) (measured as Theoretical amount 
of CO2 (ThCO2 equivalent) via production of CO2 and CH4). The positive control (cellulose) 
showed 84.8 % ThCO2 equivalent. Initial and final pH were 8.2 and 8.5, respectively, 
throughout test and control samples. As specified in the report, the biodegradation rates 
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of membranes and PVDF powder are so small that they cannot be interpreted as a sign of 
biological degradation.  



Supernatant analysis revealed PFAS in negative control and test samples. In samples of 
membranes and PVDF powder, 3 and 8 PFAS compounds, respectively, were measured in 
concentrations above the detection limit. In contrast, the negative controls (blanks, 
inoculum only) had 12 PFAS compounds in concentrations above the reporting limit (it is 
common to find PFAS traces in urban sludge). The summed, averaged concentration of all 
PFAS measured ranged from < 79.5 ng/L in the membrane sample, < 153 ng/L in the 
PVDF powder sample, and < 253.1 ng/L in the negative control. Furthermore, while the 
highest concentration of PFBA showed up in the PVDF powder sample (29 ng/L versus 
18 ng/L and 19 ng/L in PVDF powder samples and negative control, respectively), the 
remaining highest concentrations of individual PFAS were found in the negative control. 
For example, PFOA was found in concentrations of 36 ng/L in the negative control, 17 ng/L 
in the PVDF powder sample and was below the reporting limit in the membrane sample. 
Similarly, PFOS was identified in the negative control in concentrations of 56 ng/L but did 
not exceed the analytical detection limit in both membrane and PVDF powder samples. 
Data from the initial control and field blank sampled at test start revealed distinctly lower 
levels of PFAS; five and two PFAS compounds, respectively, were identified in 
concentrations with highest concentrations of 11 ng/L PFOS in the inoculum blank. 



Solids samples from the membranes and PVDF raw material groups analyzed at test end 
detected just a single PFAS compound above the detection limit each (14 ng/L PFOS and 
1.4 ng/L perfluorohexanesulfonic acid (“PFHxS”), respectively). By contrast, in the 
negative control, five PFAS were found in concentrations above the detection limit; the 
highest concentration was 8.5 ng/L PFOS. Moreover, the initial negative control sampled 
at test start contained 22 ng/L PFOS. PFHxS was not identified in negative controls. 
Overall, the membrane and PVDF powder groups did not exhibit higher levels of PFAS than 
the controls – results were within the variability and background levels observed for the 
control. 



In summary, reported degradation rates under anaerobic conditions were so small (< 6 
%) that they cannot be interpreted as a sign of biological degradation. Analysis of 
supernatant of test media (membranes and PVDF powder) showed that PFAS can be 
detected in concentrations above the reporting limit. While PFAS were found in supernatant 
of both membrane or PVDF powder samples, the control sample showed comparable or 
even higher values of PFAS. Also, the number of identified PFAS compounds was higher 
for control samples. Analysis of solids revealed similar results.  



The ASTM D5511 test, despite its aggressive conditions, did not demonstrate 
biodegradation of the membrane or PVDF raw material. In addition, PFAS levels in 
supernatant controls are comparably high and do not allow the conclusion that membranes 
and raw material contributed to the measured PFAS levels. The test did show evidence 
that PVDF is stable in landfill conditions. 
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5 SUMMARY & CONCLUSION 



Within this CSR, the different life stages of PVDF membranes were identified: 
manufacturing, operation, and end-of-life. The sources of potential PFAS emissions to the 
environment at each stage were identified, as were RMMs. A summary is also provided in 
tabular form below (Table 8). 



PVDF is purchased from  It is polymerized exclusively from 1,1-difluoroethylene 
(VDF), not involving other per- and polyfluoroalkyl substances. In 2022, a total of  
tons of PVDF were used at the  site for the manufacturing of PVDF membranes.  



For the manufacturing stage of PVDF membranes, potential emission sources for 
PFAS/PVDF include dust, wastewater, and other waste articles. Of the tonnage used, less 
than  % hence less than  kg of PVDF, were emitted as dust in areas where PVDF 
raw material is handled. To capture these emissions, one unloading area is swept or 
vacuumed in case of any incidental spills and the other unloading area is equipped with a 
filter system. Additionally, these two areas are regularly cleaned. The waste from cleaning 
is collected and disposed of as hazardous waste. Contaminated water coming from the 
removal of incidental spills of PVDF raw material is disposed of and sent for incineration. 
In the process steps after PVDF was dissolved, exhaust ventilation systems are installed. 



The concentration of residual monomer (VDF) in PVDF was determined to be < 50 ppb 
(Korzeniowski et al., 2023) and therefore considered to be of limited relevance for further 
environmental assessments of PVDF used for membrane manufacturing. The leaching of 
PFAS by-products from PVDF raw material into water was examined, and no PFAS 
concentrations above analytical detection limits were identified. Moreover, the leaching 
potential of PVDF raw material was examined by TOF analysis. The results indicated low 
concentrations (ng/L), resulting in a potentially leachable amount of  g TOF/a in relation 
to the annual tonnage of  t (2022). The TOF leaching from raw material may end up 
in the spinline wastewater and subsequently in the on-site  MBR wastewater 
treatment plant as no TOF was found to be leaching from newly produced membranes (see 
section 4.3.3).  will carry out further investigations to understand the nature of this 
potential  g TOF/a emission and their fate. 



During the production of PVDF membranes, around 1,000 to 1,300 m³ of industrial 
wastewater are emitted per day, which is directed to the on-site MBR wastewater 
treatment plant before entering a municipal wastewater treatment plant. Wastewater 
samples confirmed that no typically measured PFAS or TOF were found in concentrations 
above analytical detection limits. It is assumed that also no PVDF is emitted by industrial 
process wastewater as PVDF is not considered to be able to pass in any form (solubilized 
or suspended) through the MBR with ultrafiltration membrane (pore size about 10 to 50 
nm). Finally, any other waste produced during the manufacture of PVDF membranes, such 
as organic chemical waste, PVDF packaging or scrap membranes, is either incinerated or 
disposed of in landfills for non-hazardous waste. The exact amounts per waste type can 
be found in section 4.2.4. Since analyzed PFAS and organic fluorine compounds in 
wastewater samples were below analytical detection limits, it can be assumed that none 
of the analyzed PFAS is expected in the sludge produced by the WWTP. Nonetheless,  
is also committed to further investigate this matter. 



The next stage in the lifecycle of PVDF membranes is their service life. PVDF raw material, 
freshly produced membranes, and PVDF membranes operated in water technology process 
for years (4–20 years) have been tested for PFAS and TOF emissions. No PFAS releases 
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above analytical detection limit and/or including analytical background were detected in 
membrane leachates. Foulants removed from used membranes contained some PFAS 
above the background levels. However, as these foulants are considered to accumulate 
PFAS from different sources during the use phase these measurements are interpreted as 
independent from PVDF membranes. This also relates to a measurement of leachate of a 
cleaned membrane, which showed concentrations of PFBS above the limit of detection. 
The correlated concentration of PFBS in the foulant as well as the leachate of the uncleaned 
membrane were considerably high and indicate a remaining contamination. Leachate of 
cleaned, used membranes from the other five scenarios did not result in PFBS values above 
the detection limit. 



The last stage concerns the end-of-life phase of PVDF membranes, which is currently 
handled by incineration or disposal in landfills for non-hazardous waste. In a survey, 
downstream users (DUs) were asked about their methods of disposing of the  UF 
membranes. Different methods such as non-hazardous landfill (29 %), municipal 
incineration (14 %) and hazardous waste incineration (21 %) emerged. Regarding 
incineration, it is concluded that no estimations of PFAS/PVDF releases from the 
incineration of waste can be made, due to the lack of reliable degradation and/or release 
rates for PVDF. Moreover,  has commissioned a study on this topic, and results are 
expected before the end of 2023. 



Concerning the disposal to landfills, an anaerobic biodegradability study on PVDF 
breakdown/stability has been conducted on behalf of  The calculated biodegradation 
rate is so small that it cannot be interpreted as biological degradation. In addition, PFAS 
levels in the supernatant and solids of control groups were higher than or comparable to 
the range of values detected for the membrane and PVDF powder groups. The overall 
study shows evidence that PVDF is stable in landfill conditions.  



From the data summarized above it was concluded that the emission potential during the 
life cycle of PVDF-membranes is extremely low and controlled. The emissions to the 
environment from the manufacturing process are considered to be controlled due to the 
implemented RMMs and the technical prerequisites of the process. Data on waste 
treatment (especially incineration) are currently being created; furthermore, new data 
suggest that the potential for creation and emission of PFAS from PVDF incineration is 
limited.  
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Table 8: PVDF tonnages for membrane production and PFAS emissions in 2022 



PVDF Life-cycle step Tonnage PVDF  
(in 2022) 



Percentage of 
total ordered 
PVDF in 2022 



Disposal route PFAS emission? Reference 



Manufacturing 



Total PVDF ordered for 
PVDF membrane 
manufacture 



~  t 100 %  ─  ─ Section 3.1 



Produced PVDF 
membranes 



~  t ~ % of total 
PVDF amount per 
year 



Not relevant in 2022 
considering a life-time 
of 10 years 



Membranes are stable and leaching tests 
indicated no directly related PFAS or TOF 
concentrations above detection limit and/or 
background concentration  



Sections 3 and 
4.3.3 



Estimated PVDF waste 
during manufacturing 



~  t ~ % of total 
PVDF amount per 
year 



Either incinerated or 
disposed of in non-
hazardous landfills 



Incineration: No data is currently available but 
R&D activities on PVDF incineration are on 
going. 
Landfills: Membranes are considered to be 
stable. Anaerobic degradation tests did not 
provide evidence of degradation; PFAS in 
supernatant and solids were lower or in range of 
control values  



Sections 
4.2.4, 4.4.1, 
and 4.4.2 



Estimated PVDF in 
wastewater or sewage 
sludge (applied in land 
application) 



 t % of 
total amount per 
year 



WWTP & Sewage 
sludge 



No PFAS and no TOF detected above detection 
limit and/or background concentration; however, 
other TOF measurements showed leaching of 
raw material which may end up in wastewater 
and sewage sludge 



Section 4.2.3 



Leaching from 
operational PVDF 
membranes 



Membranes with 
different service lives (4-
20 years) tested for 
leaching of PFAS and 
TOF 



Membranes 
produced before 
2022 



Disposal of 
membranes at the 
end of service life 
described in row 
below 



Membranes are stable and leaching tests 
indicated no directly related PFAS or TOF 
concentrations above detection limit and/or 
background concentration 



Section 4.3.4 
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PVDF Life-cycle step Tonnage PVDF  
(in 2022) 



Percentage of 
total ordered 
PVDF in 2022 



Disposal route PFAS emission? Reference 



Disposed PVDF 
membranes in EEA 



 t1) Membranes 
produced before 
2022 



Either incinerated or 
disposed of in non-
hazardous landfills2) 



Incineration: No data is currently available but 
R&D activities on PVDF incineration are on 
going. 
Landfills: Membranes are considered to be 
stable. Anaerobic degradation tests did not 
provide evidence of degradation; PFAS in 
supernatant and solids were lower or in range of 
control values  



Sections 
4.2.4, 4.4.1 
and 4.4.2 



1) Based on commercialized PVDF within the EEA while considering a membrane lifetime of 10 years, i.e .this number represents the total tonnage of PVDF commercialized in 
2012 within the EEA. 
2) 45% of commercialized PVDF is disposed of in non-hazardous landfill and 55% is disposed via incineration based on a downstream user survey.  
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6 The annex is only available in the confidential version of this document and was removed 
from the public version. 
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Comment on Proposed Restriction of PFAS 
 


Conference of Fluoro-Chemical Product Japan (FCJ) 


 


 


On behalf of chemical manufacturers, we, Conference of Fluoro-Chemical Product Japan 


(FCJ), have been working tirelessly to comply with national chemical regulations. We have 


supported EU's ambitious attempts to reduce risks from hazardous substances and have 


sincerely responded to actual measures to meet the requirements of EU chemical regulations 


such as REACH. 


However, we believe that the proposed restriction of PFAS (Per- and Polyfluoroalkyl 


substances) proposed by 5 European countries is an excessive measure because it restricts 


more than 10,000 of organofluorine compounds (PFAS) on the grouping basis that they are 


persistent as substances of concern equivalent to the already regulated PFOS and PFOA. 


Therefore, we intend to present the following views at the public consultation of ECHA, to 


which is one of the actions FCJ recommends. 


 


（１）Concerns about inconsistencies in the proposed restriction 


 


Article 68 (1) REACH refers to the scope of the restrictions, which regulates 


unacceptable risks to human health or the environment that need to be addressed by 


society as a whole. 


The proposed restriction lists persistent chemicals (which may remain in the environment 


longer than any other man-made chemical), bioconcentration, mobility, the possibility of 


long-distance transport, accumulation in plants, the possibility of global warming, and 


toxicological effects as concerns and reasons for the restriction. Of these, persistent is 


applicable to all targeted organofluorine compounds (PFAS), but other concerns are related 


to some compounds. 


Persistency common to all organofluorine compounds (PFAS) can be rephrased as "high 


durability" by focusing on its advantages, however, we believe that it is not appropriate to 


regulate this property alone as an unacceptable risk to human health or the environment. In 


addition, it is not appropriate to apply the concerns about some fluorinated compounds, 


such as bioconcentration potential and toxicological effects, by grouping all organofluorine 







compounds (PFAS) together, and if the need for new regulations is to be considered in the 


future, the risk of each substance should be quantitatively assessed and discussed. 


 


Hereafter, we respectfully submit our views on the proposed Restriction of PFAS and 


express its concerns that restriction would contravene the applicable European and 


international rules and agreements for the following reasons: 


 


1. The proposed Restriction would hinder the achievement of the European Green Deal  


 


PFASs have properties such as repelling water and oil, being resistant to heat, chemicals, 


and not absorbing light, and have been widely used in water repellents, surface treatment 


agents, emulsifiers, fire extinguishers, coatings, etc., and in a wide range of industrial 


applications such as semiconductors, automobiles, and batteries. Many of these applications 


and uses are considered "essential uses". 


The applications in which PFAS are used are also critical for the European Green Deal – that 


is comprehensive initiative that includes a range of policies in different areas aiming at make 


Europe climate-neutral by 2050. For example, the Horizon Europe program funds research 


and innovation activities in transportation, including batteries, clean hydrogen, low-carbon 


steel manufacturing, the cyclical bio-based sector and the built environment. We therefore 


believe that the proposed blanket Restriction of all PFAS for all uses, including uses that are 


critical to the European Green Deal, would essentially hamper the achievement of European 


Green Deal objectives. 


 


2. The proposed Restriction would significantly and disproportionately hamper 


international trade 


 


If the proposed Restriction is implemented as currently announced, trade in essential goods 


in which PFAS are used would be considerably restricted and supply chains around the world 


would be severely disrupted.  


In our view, even if alternative substances are currently being developed, these would need 


to go through repeated demonstrations and evaluations and therefore they would take 


considerable time before they can be implemented. Moreover, for substances for which no 


alternatives have been identified yet, research and development will have to be promoted 


through trial and error in the future, and even a 12 year grace period may not be sufficient to 


confirm their availability.  







The serious and disproportionate negative effects of the proposed Restriction on international 


trade could also constitute a violation of the proportionality principle as enshrined in Article 


68(1) REACH. In particular: 


The proposed Restriction is disproportionate, contrary to Article 68 (1) REACH. 


Article 68(1) REACH requires that any restriction decision shall take into account "the socio-


economic impact of the restriction, including the availability of alternatives". That socio-


economic impact may, among others, include, in accordance with Annex XV, i) the impact of 


the restriction on the industry (e.g. manufacturers and importers) and on all other actors in 


the supply chain in terms of commercial consequences, including impact on investment, 


operating costs and innovation; ii) the wider implications on trade, competition and economic 


development; iii) alternative risk management measurements that could meet the aim of the 


proposed restriction and iv) the availability of suitable and feasible alternatives. 


The proposed Restriction does not appropriately consider those elements of the socio-


economic impact and fails to balance the negative impact on international trade and the 


Industry with the potential benefits of the proposed measure. It rather proposes a blanket 


restriction of all PFAS substances for all uses (beyond some transitional periods for specific 


uses/applications) that goes well beyond what is necessary to achieve the legitimate 


objectives it pursues, and is not the least onerous measure to control the potential risks posed 


by certain PFAS. 


In particular, the Proposed Restriction fails to conduct a substantial assessment of the 


"availability of alternatives" including: i) where alternatives have been identified, these must 


be compared as to their risks and benefits to the substances proposed to be restricted and 


ii) where alternatives are not yet available, the risks of the continued use of the substances 


proposed to be restricted should be compared with the socio-economic consequences of 


them no longer being available and of the lack of available alternatives. 


In light of the above, we request that the EU limits the scope of the restriction to the extent 


necessary to achieve the objectives that contribute to the social economy of the EU. In that 


regard, we also request that if the restriction remains as it is, that the EU considers a "review 


clause" that would enable the extension of the transitional periods in case suitable 


alternatives have not been developed by the given review date. 


 


3. The proposed Restriction restricts all PFAS as a single group 


In following this grouping approach, the proposed PFAS Restriction would restrict PFAS that 


have not been risk-assessed and for which an unacceptable risk has not been demonstrated, 


in breach of Article 68(1) REACH. 







Article 68(1) REACH provides that substance(s) can be restricted only if they pose an 


unacceptable risk to human health or the environment. This unacceptable risk must be 


positively demonstrated by conducting a risk assessment that follows the conditions of Annex 


XV to REACH (and by cross-reference of Annex I and Annex XIII). Such risk assessment 


comprises hazard identification and characterisation, exposure assessment and risk 


characterisation. 


By grouping all various PFAS substances together and restricting them as a single class, the 


proposed PFAS Restriction Proposal would restrict numerous PFAS substances that have 


not been risk-assessed and for which no unacceptable risk has been demonstrated, in 


breach of Article 68(1) REACH.  


More specifically, the scope of the proposed PFAS Restriction is based on the OECD 


definition of PFAS. That definition is only based on chemical structure and does not take into 


account hazardous properties or risks of PFAS, as the proposed Restriction itself 


acknowledges (p. 19). As a result, it covers approximately 10,000 substances with very 


diverse physical, chemical and biological properties and behaviour. That broad definition 


does not take into account the specific, distinct properties of different individual PFAS or 


PFAS subgroups and is therefore not suitable for regulatory risk management purposes. 


OECD itself acknowledges that this definition "does not conclude that all PFASs have the 


same properties uses, exposures and risks" and that it can only serve a starting and 


reference point as it "may be viewed as too broad" (OECD, 2021, Reconciling Terminology 


of the Universe of Per- and Polyfluoroalkyl Substances: Recommendations and Practical 


Guidance). 


In particular, the very broad scope of proposed Restriction –which is based on the OECD 


PFAS definition- does not enable a legally and scientifically sound risk assessment. By 


grouping all PFAS together in a single group for risk assessment, the proposed Restriction 


fails to identify and consider the specific, distinct properties of each individual PFAS or PFAS 


subgroup and, in turn, to assess and characterise the hazards and risks related to those 


properties in order to demonstrate that they pose an unacceptable risk to human health or 


the environment.  


It rather restricts all PFAS substances on the assumption that they all share a very persistent 


property as their "key hazardous property" that ”triggers equivalent hazards and risks”(p.21-


22). However, (very) persistence is not per se a hazardous property nor does it indicate a 


risk on its own. Persistence on its own is also not sufficient to consider PFAS as giving an 


"equivalent level of concern" to PBTs/vPvBs or to characterise an "unacceptable risk" within 


the meaning of Article 68(1) REACH and justify a restriction. It is for those reasons that 


persistence is only regulated in combination with other properties in the REACH and CLP 







Regulation (e.g. together with bioaccumulation, toxicity or -under the new hazard classes 


introduced to the CLP Regulation- mobility), and not alone. 


Beyond PFAS’ purported very persistent property, the proposed Restriction does not identify 


any other hazardous properties that are common to all PFAS. It only refers to some additional 


properties that amplify the “overall concern” for some -not all- PFAS. Indeed, the Proposal 


contains evidence that concerns only certain sub-sets of PFAS (mostly some long-chain 


PFAS) and lacks data on other PFAS substances/subgroups and an adequate justification 


as to why the conclusions for certain PFAS would be applicable to all PFAS covered by the 


proposed Restriction (read-across). 


For example, the proposed Restriction acknowledges that “for the majority of PFAS no, or 


insufficient, data on bioaccumulation behaviour are available” and therefore that the “data on 


the bioaccumulation potential of PFAS [..] are not sufficient to substantiate bioaccumulation 


in the environment for all PFAS” (p.28). With respect to ecotoxicity, it mentions that “the large 


number of different substances with heterogenous properties […] in the group of PFAS 


makes the assessment of their ecotoxicity very complex”(p.28). It then concludes that the 


bioaccumulation potential and (eco)toxicity is expected to vary among PFAS due to their 


“high diversity” and that “no overall conclusion on B/Vb and T criteria was derived for each 


PFAS substance/ (sub-) group” (p. 47).  


In the absence of (sufficient) evidence, the proposed Restriction fails to conduct a risk 


assessment, comprising a hazard assessment and characterisation, exposure assessment 


and risk characterisation, to demonstrate an unacceptable risk posed by all PFAS 


substances proposed to be restricted. For example, in some applications, PFAS may be used 


in enclosed spaces, where exposure to the environment is extremely limited and the risk to 


human health and environmental conservation is even less. It is also possible that by not 


characterising the specific risk(s) each individual PFAS/PFAS subgroup poses that the 


proposed Restriction would lead to the replacement of those PFAS with non-PFAS 


alternatives that could be potentially more harmful to human health and the environment 


(regrettable substitution).  


Even if certain PFAS would be demonstrated to pose an "unacceptable risk to human health 


or the environment" within the meaning of Article 68(1) REACH, this cannot lead to the 


conclusion that all PFAS pose such an unacceptable risk, without considering their varying 


properties and behavior.  


 


4. The proposed Restriction could not be lawfully based on the precautionary principle 


 







Article 68(1) REACH requires positive demonstration that there "is" an unacceptable risk. It 


is therefore not intended as a tool to address scientific uncertainties, as it is the case with the 


precautionary principle. Therefore, the proposed Restriction that is largely based on scientific 


uncertainties (e.g. "lack of toxicological data for the vast majority of [PFAS]"(p.32);  " for 


most PFASs there are insufficient data to adequately assess their effects on human health 


and the environment" (p.13); "for the majority of PFASs no, or insufficient, data on 


bioaccumulation behaviour are available" (p. 28)) would not meet the requirement of Article 


68(1) REACH to demonstrate an unacceptable risk. 


In the alternative, even if the proposed Restriction applies the precautionary principle 


(although it makes no mention of it), it must had nevertheless met the conditions of EU case 


law, as summarised in the Commission Communication on the precautionary principle, which 


it failed to do. 


In particular: 


According to settled EU case law (e.g. T-584/13), the precautionary principle is “a general 


principle of EU law requiring the authorities […] to take appropriate measures to prevent 


specific potential risks to public health, safety and the environment […]”. It should be used 


where “there is scientific uncertainty as to existence or extent of risks to human health or the 


environment […].” While the risk assessment in the context of the precautionary principle is 


“not required to provide […] conclusive scientific evidence of the reality of the risk and the 


seriousness of the potential adverse effects were that risk to become a reality”, “a preventive 


measure cannot properly be based on a purely hypothetical approach to the risk, founded on 


mere conjecture which has not been scientifically verified” (our emphasis). 


However, the proposed Restriction lacks evidence of effects, and especially, of effects that 


are adverse. Indeed, as the Proposal itself acknowledges “for most PFAS there are 


insufficient data to adequately assess their effects on human health and the environment” (p. 


13) and that “if releases are not minimised, humans and other organisms will be exposed to 


progressively increasing amounts of PFASs until such levels are reached where effects are 


likely” (p. 50).  In the same vein, the Proposal also mentions that “[i]t is more likely that for 


the vast majority of these substances, no study data are available to serve as a basis for 


classification. In the absence of evidence to the contrary, it can therefore be assumed that 


some of the less well-studied PFAAs and PFAA precursors also exhibit one or more of the 


properties of concern.”(p.30). 


Moreover, the persistence and accumulation of PFAS in the environment that the proposed 


Restriction mainly relies on, cannot be construed as adverse effects per se.The Proposal is 


therefore based merely on unsubstantiated assumptions.  







In addition, the proposed Restriction fails to meet the following conditions for the 


implementation of the precautionary principle set out in  the Commission Communication 


on the Precautionary Principle (Communication from the Commission on the precautionary 


principle. Brussels, 2.2.2000 COM(2000) 1 final). 


- Before the adoption of a precautionary measure, there must be first a scientific risk 


assessment, comprising four steps, namely hazard identification, hazard characterisation, 


appraisal of exposure and risk characterisation. In our opinion one could demonstrate that 


these four steps have not been followed in the PFAS Restriction Proposal. The alleged 


hazards of the PFAS have not been established and, likewise, there is little on the actual 


exposure to PFAS. These elements have rather been postulated on unsubstantiated 


assumptions. In the absence of reliable information on hazard and exposure, there is no 


basis on which to characterise the risk, and therefore to conduct the required scientific risk 


assessment for the application of the precautionary principle. 


- The precautionary measure must be proportionate, non-discriminatory and 


consistent with similar measures, based on examination of the potential benefits and costs. 


In our opinion, the proposed PFAS restriction could be demonstrated to be disproportionate 


and not the least restrictive measure that can be taken to address any PFAS-related 


concerns because i) it restricts the entire class of PFAS for all applications on the basis of 


mainly a “persistency concern”; ii) it does not sufficiently assess the risk and suitability of 


allegedly available alternatives, and iii) it does not (adequately) assess the socio-economic 


impact of such broad restriction against the alleged “significant benefits” of the restriction. 


- The Proposal must identify the measures that need to be taken in order to clarify 


the uncertainties that could justify precautionary measures. In particular, “measures based 


on the precautionary principle should be subject to […] to review in the light of new scientific 


data.” In that respect, the Proposal does not propose measures that could be taken to resolve 


the uncertainties it identifies – it rather proposes a total, blanket ban of all PFAS for all 


applications (beyond some transitional periods for some applications).  


  


5. The proposed Restriction would restrict substances without listing them contrary to 


Article 68(1) REACH 


 


Article 68(1) provides that substances that pose an unacceptable risk to human health or the 


environment could be the subject of a restriction. Article 68(1) restriction should therefore 


identify the substances proposed to be restricted. Annex XV, Section 3 of REACH also 


specifies that the restriction "shall include the identity of the substance […]". Such identify 


should be chemical specific, including name, identification numbers, molecular and structural 







formulas, etc. Indeed, REACH defines a "substance" as "a chemical element and its 


compounds" (Article 3(1) REACH). This is also clearly reflected in the European Chemicals 


Agency (ECHA) Guidance for the preparation of an Annex XV dossier (p. 108) that specifies 


that the restriction proposal must provide "details on the identity of the substance (name, 


CAS, EC number, registration number (if available), molecular formula, structural formula, 


purity and impurities)".  


In light of the above, the proposed Restriction fails to adequately identify and list the specific 


chemical substances proposed to be restricted. Instead, it prohibits the manufacturing, use 


or placing on the market of any substance "that contains at least one fully fluorinated methyl 


(CF3-) or methylene (-CF2-) carbon atom, without any H/Cl/Br/I attached to it" (p.4). It does 


not provide the names or identification numbers of the specific substances that are covered 


by this broad definition, as required. 


 


（２）Exclusion by PFAS Sub-category(substance) 


As mentioned in (1), a class of compounds (PFAS sub-category) having widely different 


properties, such as fluoropolymers and fluorinated gases, are all grouped as PFAS and 


subject to restrictions. On page 16 of the report, citing the OECD report, PFAS are sub-


categorised into 4 major categories and 30 middle categories. B.3 Classification and 


labeling and B.4 Environmental fate properties in the Annex B report and are evaluated 


based on these sub-categories, respectively, and we believe that risk can be more 


appropriately assessed by sub-categorising rather than grouping as PFAS. 


For example, fluoropolymers are thermally, biologically, and chemically stable, barely 


soluble in water, immobile, insoluble (Water, Octanol, etc.), and too large to migrate to cell 


membranes, so they are not incorporated into the body and are considered low concern 


from a human and environmental health perspective1,2. The findings demonstrate that 


fluoropolymers are a distinct group from PFOA and PFOS and should not be combined with 


them for hazard assessment or regulatory purposes. Fluoropolymers are the only materials 


that simultaneously possess heat resistance, weather resistance, chemical resistance, 


water repellency, lubricity, and unique optical/electrical properties, and they have become 


indispensable materials in many fields, including the energy field (Fuel cells and lithium-ion 


batteries), semiconductor field (Clean members, etching gas), electrical and electronic 


communications field (Wire cladding and liquid crystal materials), transportation field (Cars, 


airplanes, railroads), and medical field (Catheters, protective clothing). It is necessary to 


carefully re-examine whether the uniform regulations for PFAS are appropriate in light of 


the chemical hazards and risks of the substances in question. In particular, fluoropolymers 







should be excluded from the current regulations because they are highly stable materials 


and have no concerns about bioconcentration or toxicological effects. 


Fluorinated gas is a highly safe compound in terms of toxicity and combustibility, and it is 


used in many applications in terms of efficiency and cost. In addition, fluorinated gas itself 


is not persistent in the persistent properties proposed in the PFAS restriction proposal. In 


addition, trifluoroacetic acid, which is a degradable product of fluorinated gas itself and is a 


concern in the proposed restriction, has also been shown to pose a low risk of toxicity to 


living organisms and human bodies in the reports of the Environment Agency of Germany 


and Norway, who actually submitted this restriction proposal3,4. These results indicate that 


fluorinated gas should not be considered for regulation as a group with PFOA and PFOS. 


In addition, the reduction of fluorinated gas usage is being considered in the F-gas 


regulations, and from the standpoint of dual regulations, we do not believe that it should be 


considered in the PFAS regulations.  
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