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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.
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	Answer to specific info request 1:
Please see the attached document.

	
	
	Answer to specific info request 2:
Please see the attached document.

	
	
	Answer to specific info request 3:
Please see the attached document.

	
	
	Answer to specific info request 4:
Please see the attached document.

	
	
	Answer to specific info request 5:
Please see the attached document.

	
	
	Answer to specific info request 8:
Please see the attached document.

	
	
	Answer to specific info request 10:
Please see the attached document.
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	General Comments:
PU Europe is the European Federation of manufacturers of polyurethane thermal insulation products, from construction products manufactured in factories to in-situ formed foam, based in the European Union and the UK.
PU Europe would like to raise the below comments which call for the fluorinated gases that are used in our industry(1) to be fully exempted from the scope of the restriction proposal:
• In divergence from what the dossier submitters state, those substances are not classified as (very) persistent under REACH (they have atmospheric lifetime of days or months) and more importantly, they do not decompose in the environment into trifluoroacetic acid (TFA) in a meaningful fraction (see the EFCTC evidence (2)). Information submitted on hazard, exposure and risk assessments by the manufacturers and importers of those substances shall be carefully read by ECHA experts;
• The objective to establish a very broad definition of PFAS, therefore covering thousands of substances with different (eco-) toxicity profiles, is not aligned with science and with ECHA’s own guidelines on Read Across policy. Furthermore, the OECD Expert Group on PFAS issued in 2021 (3) the following position that supports a more targeted restriction: “As PFASs are a chemical class with diverse molecular structures and physical, chemical and biological properties, it is highly recommended that such diversity be properly recognized and communicated in a clear, specific and descriptive manner. The term “PFASs” is a broad, general, non-specific term, which does not inform whether a compound is harmful or not, but only communicates that the compounds under this term share the same trait for having a fully fluorinated methyl or methylene carbon moiety”. The latter approach was again supported in 2022 by the majority of experts in the UNEP Environmental Effects Assessment Panel;
• European risk management measures for products containing HFO/HCFO are in place and get continuously strengthened to achieve a European circular economy. In many countries, measures targeting the recovery and treatment of construction products when they reach their end of life (which might be in 50 years from now for insulation products) are discussed at the time of writing. Furthermore, several industry activities at national level aim to put in place take back schemes for construction waste at first;
• Others jurisdictions in the world like the UK Health and Safety Executive and the US Environmental Protection Agency do not target HFOs/HCFOs in their efforts to regulate PFAS, they rather focus on certain groups of substances and certain applications.
PU Europe sincerely hopes that the above comments will be taken into consideration and would like to recall the support of its members to the EU long term carbon neutrality goal. Our products are critical in curbing energy consumption, and hence CO2 emissions, during the use phase of buildings, including commercial, industrial, and public dwellings.
Footnotes 1, 2, and 3 avaulable in the attachment.

	
	
	Answer to specific info request 1:
Applications of fluorinated gases (Annex E.2.8.) -> Foam blowing agents

	
	
	Answer to specific info request 9:
Our industry would like to ECHA to carefully assess the information prvoided by suppliers/importers of HFO-1336mzz-Z, HCFO-1233zd-E & HFO-1234ze-E. To our knowledge, the information already made public (via the EFCTC for instance) does support the conclusion that very limited to insignificant amount of TFA might be generated from the use of those susbtances.
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	General Comments:
General comments/Executive Summary

Lubricants play a vital role, for energy savings, emission reduction, resource saving, durability and longevity (for-life-lubrication), uninterrupted operation of vehicles and machines needed for the proper functioning of society. In principle, it can be said that lubricants are essential to move the mechanical components used worldwide. Without lubricants no car, no wind turbine, no plane, no machine nor any factory would work. This includes industrial and professional uses as well as machines and articles used by consumers.
According to the Study "Influence of tribology on global energy consumption, costs and emissions" [Kenneth Holmberg et al] 23 percent of the global energy consumption is caused due to friction and reconditioning of worn components. As a result of the study the potential to reduce energy losses in short term (8 years) of 18 percent and in long term (15 years) of 40 percent are possible if new technologies to reduce friction and protection against wear will be used. This will lead to a reduction of 1.460 million tons CO2 emissions in short term and a reduction of 3.140 million tons of CO2 emissions in long term.
All Lubricants, including those containing PFPE (Perfluoropolyethers) and/or PTFE (Polytetrafluoroethylene), play an important role in this reduction of CO2 Emissions, what is a major goal in the European Green Deal.
The fields of application of lubricants and the requirements under which these lubricants need to work are very broad (wide temperature range, different pressures, inert or aggressive environment, for life lubrication, etc.) Many of these applications (high performance applications) are covered by harsh conditions but there are also other applications and conditions which require high performance lubricants to enable reliable, healthy and safe use of the lubricated equipment (e.g. oxygen supply, drinking water supply, production of food and pharmaceuticals, …).
The above-mentioned applications require thermal and chemical stable polymeric PFAS like the Fluoropolymers (e.g. PTFE) and perfluoropolyethers (PFPE).
For the manufacture of polymeric PFAS based lubricants (grease, lubricating oil and dry lubricant), in general Fluoropolymers like PTFE and PFPE Oil are being used. Fluoropolymers fulfill the OECD criteria as polymer of low concern (PLC) and are not considered a hazard for public health or the environment. PFPE oils as well as PTFE are high molecular weight polymers (more than 10.000 Da), they are not soluble in water, not bioavailable, not toxic and fall outside the definition of hazardous products, both for human and for the environment (information on PFPE oils are based on the information provided in the Safety Data Sheet and written information by our suppliers).
Based on a scientific study addressing blanket risk assessment of PFAS conclude that ‘all PFAS should not be grouped together, persistence alone is not sufficient for grouping PFAS for the purpose of assessing human health risk and the definition of appropriate subgroups can only be defined on a case-by-case manner’ [J.K. Anderson et al., Regulatory Toxicology and Pharmacology, 2022]
The REACh regulation requires in its Article 68 an "unacceptable risk to human health or the environment" for substances to be included into Annex XVII. Fluoropolymers (FP) and perfluoropolyethers (PFPE), classified as Polymers of Low Concern (PLC) do not pose such a risk during use or placing on the market. Furthermore, the manufacturing processes are highly controlled and will be further developed to reduce the risk of PFAS emissions. Therefore, it is highly questionable whether the legal requirements of Art. 68 of the REACH Regulation are met at all for PLC manufactured in a safe an controlled manner, in particular as a risk is constituted by the two factors “hazard and probability of emissions”.
Klüber Lubrication supports the restriction of harmful PFAS or subgroups based on a scientific and risk-based approach.
We are committed to develop, manufacture and place on the market products which are valuable for industry, society, and the environment and, in particular contribute to decarbonization strategies.
Klüber Lubrication supports the goals of the EU Green Deal and the Chemicals Strategy for Sustainability.
The current PFAS restriction proposal is contradictory to net-zero-carbon emission, energy transition, green mobility, digitalization. It will lead to even extended dependencies from non-EU countries and the imponderability of global supply chains. These major elements of the EU Green Deal and the Chemicals Strategy for Sustainability are at stake. Furthermore, and in contradiction to the EU Green Deal as well, it will increase the dependency of the EU from Non-EU countries which will continue using safe PFAS, in particular polymeric PFAS at least for their production processes.
The basic misleading approach is a ban based on structural rather than on physical, chemical, and toxicological properties.
This leads to a ban of valuable PFAS which can be safely manufactured, processed, used and disposed or re-used.
Moreover, the unique and overarching properties of PFPE’s and PTFE’s for tribological applications are not even closely fulfilled by other lubricant systems available on the market. Either for harsh conditions or for demanding applications (sum of different fluoropolymer and perfluoropolyether properties) various tested alternatives fail (further details only available in our confidential attachment)
In particular, fluoropolymers containing a C-C- backbone (e.g. PTFE) and polymeric perfluoropolyether containing a C-C-O backbone (e.g. PFPE), meeting the Polymer of Low Concern (PLC) criteria, shall be completely excluded from the ban. This shall include applications and uses where the current restriction proposal only grants an 18 month transition period or a 5 year derogation.


	
	
	Answer to specific info request 1:
Our comments apply to following sectors and (sub-) uses • Lubricants • Solvents  • Additives For detailed information please see confidential attachment

	
	
	Answer to specific info request 2:
During our work we found out that there are already projects running to develop processes for the recycling or up-cycling of used PFAS based materials. As an example Dyneon/3M already developed an up-cycling processes for fluoroplastics Dyneon/3M up-cycling plant: article can be found under following link:  www.kunststoffe-international.com/841786 This plant is active and collects data for the planning of future PFAS up-cycling plants.  There is also a company called InverTec located in Bayreuth which developed an up-cycling process and plans to build such up-cycling plants.  https://www.invertec-ev.de/en/ For the collection of the used fluoropolymers a company named Element9 KG was formed which will collect the materials and put them into the up-cycle plants to close the cycle. For further detailed information to this question please see confidential attachment.

	
	
	Answer to specific info request 3:
The effectiveness of incineration under normal operational conditions with respect to the destruction of PFAS and the prevention of emissions was evaluated in the following two studies: Waste incineration of Polytetrafluoroethylene (PTFE) to evaluate potential formation of Per- and Poly-Fluorinated Alkyl Substances (PFAS) in flue gas [Aleksandrov et al, 2019]  Pilot-Scale Fluoropolymer Incineration Study: Thermal Treatment of a Mixture of Fluoropolymers under Representative European Municipal Waste Combustor Conditions [Gehrmann et al, 2023]  Additionally, the prevention of emission is regulated in the European industrial emission directive 2010/75/EU. For further detailed information please see confidential attachment.

	
	
	Answer to specific info request 5:
Proposed derogation 5 s for Lubricants For detailed information please see confidential attachment.

	
	
	Answer to specific info request 6:
Additional exemption for chemical processing, machinery and laboratories are needed We and in general industry and professional users need the following exemptions for use of polymeric PFAS for chemical processing and laboratories: 1. Spare parts for existing equipment 2. A general, unlimited exemption for use of polymeric PFAS for chemical processing and laboratories of whatever kind. Without these exemptions former long-term investments would be at stake, which may lead to a relocation of the affected operations to non-EU countries even for the production and analysis of non-PFAS products. As these PFAS polymers are polymers of low concern and are used by industrial or professional users, there are no significant risks during use and at end-of-life.  For detailed information please see confidential attachment.

	
	
	Answer to specific info request 8:
In the explanatory notes for the Lubricants derogation 5 s of the current PFAS restriction proposal  derogation there is a limitation to professional and industrial uses under harsh conditions and for safe functioning and safety of equipment limited to industrial and professional settings.  In several applications PFAS lubricants in very small amounts ensure a safe functioning even under non harsh conditions. Failure or even reduced performance may lead to a complete failure not only of the lubricated component but complex machines (e.g. machine tools, passenger cars, trucks, trains, aviation), facilities (e.g. oxygen and air separation, operation of electrical grids e.g. power switches) and plants (e.g. steel manufacturing, automotive production, food and pharma production). Furthermore PFAS based lubricants ensure the durability and longevity of consumer products and therefore support the goals of the European Green Deal to conserve resources and protect the environment Reduced availability or even sudden failure of transport systems (bus, passenger and cargo trains) may have severe impacts on people, society and economy.  Unsafe conditions could occur in an industrial and professional setup and as well during consumer use.  Very important! In our opinion harsh conditions, safe functioning and safety of equipment is also essential for consumer used products like the already mentioned passenger cars, electrical equipment, etc. Industrial and professional use shall therefore include industrially or professionally manufactured or maintained consumer used products. For detailed information please see confidential attachment.
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	General Comments:
As an industry, we agree with the general objective of REACH to avoid harmful substances from entering the environment. However, because of the partial overlap of the PFAS restriction with the ongoing revision of the F-gas regulation  on the use of refrigerants for heat pumps and on the use of foam-blowing agents in insulation tanks, some considerations need to be made.
Indeed, while the new F-gas regulation will progressively introduce bans on the use of fluorinated gases with a high global warming potential as a refrigerant in heat pumps, the PFAS restriction may ban the non-flammable fluorinated gases to which some manufacturers switched as a result of the current F-gas Regulation. Therefore, the new F-gas regulation and PFAS restriction absolutely need to be aligned in content and timing.
Furthermore, the combination of both legislations may only leave natural refrigerants available, which are flammable for residential and small commercial hydronic heat pumps and may need to follow certain safety requirements. Our members are therefore in the process of assessing their full hydronic heat pump product portfolio to ensure that refrigerants are available for all applications.
For monoblock hydronic heat pumps with a rated capacity ≤ 70 kW, that are completely installed outdoors, we can say with certainty that we can agree with a full phase out of fluorinated gases. For these appliances, the applicable national, local or regional legislation or safety rules are limited, because the flammable refrigerant does not enter the house. However, to ensure sufficient time for component availability and redesign of the heat pumps and to avoid stranded investments, this phase-out cannot be introduced before 2030. What do we propose practically? To set the 1st January 2030 as the date of application for the PFAS restriction for monoblock hydronic heat pumps with a rated capacity ≤ 70 kW. In addition, we support derogations for maintenance of existing installations, as well as for buildings where safety standards prevent the use of non-PFAS alternatives.
For the other appliances, we will need more time to evaluate, and we will come back in written in September.
Regarding foam blowing agents here as well the timing of the PFAS restriction needs to be aligned with the revision of eco-design and energy labelling requirements  for lots 1 & 2. Indeed, blowing agents used for thermal insulation of hot water storage tanks contain fluorinated gases considered as PFAS. While non-PFAS alternatives to these blowing agents exist,  making the switch will require manufacturers to adapt their manufacturing process and sites. This will take time and, combined with increasing minimum energy efficiency requirements via the revision of eco-design and energy labelling requirements,  limit further the number of storage tanks available on the market, at least until all manufacturers have successfully made the switch. Thus, we recommend aligning the restriction for PFAS used in foam blowing agents with the timing of the F-Gas Regulation as well as ecodesign and energy labelling delegated acts, . We are in the process of evaluating  how this should be translated in the REACH restriction, and we will come back with additional input in written in September.

	
	
	Answer to specific info request 1:
Our comments apply to applications of fluorinated gases, in particular a) heat pumps and b) foam blowing agents. a) EHI members manufacture hydronic heat pumps which rely on fluorinated greenhouse gases (F-gases), such as hydrofluorocarbons (HFCs) and hydrofluoroolefins (HFOs). Heat pumps are acknowledged by the Commission as key technologies for the decarbonisation of building and for achieving the EU’s 2030 and 2050 targets, and the REPowerEU Plan communication aims at deploying 10 million hydronic heat pumps in the next 5 years. Refrigerants, fluorinated and non-fluorinated, used in heat pumps are essential to their functioning, because they are the working fluid of heat pumps that allow heat to be transferred from source to sink.  When heat pump manufacturers select alternative lower-GWP refrigerants, they take into account the substance’s flammability, toxicity and/or high pressure, but also the intended application and energy efficiency of the heat pump when using the refrigerant. And although natural refrigerants are being used as non-PFAS alternatives, they are not suitable to all heat pump systems due to their high flammability, toxicity and/or high pressure or their inferior energy efficiency. For instance, the safe use of propane requires hermetically sealing, which is not possible in split heat pumps. b) In addition, blowing agents used for thermal insulation of hot water storage tanks contain fluorinated gases considered as PFAS. Hot water storage tanks are a good mean to store energy, as water accumulates a lot of energy per unit of weight. As such, they are an important equipment to reduce the energy consumption from heating in buildings. The insulation foams used in storage tank to keep the heat is made in many appliances using HFOs, such as HFO-1233zd and HFO-1336mzz(z)). While non-PFAS alternatives to these blowing agents exist, making the switch will require manufacturers to adapt their manufacturing process and sites. This will take time and, combined with increasing minimum energy efficiency requirements via the revision of eco-design and energy labelling requirements, may limit further the number of storage tanks available on the market, at least until all manufacturers have successfully made the switch. In turn, this increases the risk of supply disruption, which is problematic for the roll-out of heat pumps that the European Commission aims at: as hot water storagesare highly relevant for heat pumps, a shortfall in storages would dramatically harm the heat pump ramp up.

	
	
	Answer to specific info request 4:
We do not have detailed data on the impact of the proposed restriction on the recycling industry. However, here, we would like to stress the role of the current and future F-gas regulation, which already limits the emissions of HFCs and HFOs as much as possible, by setting requirements on leak checking and recovery as well as  installation  and maintenance  by F-gas accredited specialists. In addition, any transfer of refrigerant needs to happen in closed systems in order to minimise or eliminate emissions. At the end of life, HFCs and HFOs needs to be recovered by F-gas accredited specialists so that the gases are recycled, reclaimed or destroyed.

	
	
	Answer to specific info request 5:
We do not have detailed data on the tonnage and emissions of PFAS related to the proposed derogations. However, we have the following comments on the proposed derogations:  • Derogation 5.i for maintenance of existing installations: we think that a 13,5 years derogation is not sufficient; Indeed, heat pumps have a longer expected life-time, which can vary from one brand to another and from one product to another, on top of being very sensitive to the way they are installed. A 13.5 years-derogation period for their maintenance and refilling would be too short and contradict the principles of circular economy and right to repair. To accommodate the diversity and ensure that all heat pumps installed before the application date of the PFAS restriction will be maintained during their entire lifetime, we recommend a time-unlimited derogation.  • Derogation 5.j for buildings where safety standards prevent the use of alternatives: We will provide comments to this derogation at a later stage of the consultation.

	
	
	Answer to specific info request 8:
Regarding non-PFAS alternatives to foam blowing agents: as indicated earlier, non-PFAS alternatives exist, although they require adapting the manufacturing processes and construction site (i.a. non-PFAS alternatives based on hydrocarbons might require additional safety measures by means of e.g. underground tanks). We are in the process of evaluating how this should be translated in the REACH restriction, and we will come back with additional input in written in September.  One of our member companies is currently investigating switching from an HFO thermal insulation foam to cyclopentane. According to their analysis, although the initial economic investment is quite high, the switch can bring economic annual savings in the order of 16%. The savings are driven by two factors: • Mixing ratios: Cyclopentane has a lower cost than the comparable HFO; considering the total mixing ratios, an economic saving of 14% can be obtained. • Density: In addition, if we consider that cyclopentane has a lower density than the HFO thermal insulation foam, there is also a reduction in material consumption that has to be taken into account. As such, it appears that the substitution for a non-PFAS alternative for the thermal insulation of storage tanks is economically feasible. However, as the switch to non-PFAS alternatives will require manufacturers to adapt their manufacturing process and sites
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	General Comments:
Honeywell is a global manufacturer and importer of various fluorinated gases to the European Union (EU), including hydrofluorocarbons (HFC) and hydrofluoroolefins (HFO) refrigerants and their mixtures (blends), primarily used in commercial, industrial as well as domestic refrigeration, heating, ventilation and air conditioning (RHVAC or HVAC, including heat pumps) applications.

Contrary to what the Dossier Submitters claim, there are a range of PFAS substances, including various fluorinated gases, that are not very persistent (vP) as such and do not degrade to vP substances in meaningful amounts. For instance, the gases HFC-125, HFC-143a, HFC-245fa, HFO-1234ze(E), HFO-1233zd(E), HFO-1336mzz(E), HFO-1336mzz(Z), HCFO-1233zd(E) degrade in the atmosphere to carbon dioxide (CO2), Hydrogen fluoride (HF) and insignificant amounts of the only PFAS arrowhead substance - trifluoroacetic acid (TFA). Also comprehensive conclusive scientific evidence, including from respective REACH registration dossiers, confirms that many PFAS (comprising, HFC/HFO) are low hazard gaseous substances that do not exhibit risks similar to PBT/vPvB substances under Article XIII REACH. Thus, they should be excluded from the scope of the Proposal.

According to the REACH registration dossier and Chemical Safety Report (CSR) for TFA, although the substance fulfils certain criteria for persistency, it has scientifically established DNEL/PNEC thresholds and is not classified as PBT or vPvB substance under Annex XIII REACH. It does not raise equivalent levels of concern under Article 57(f) REACH. In this respect, ECHA already reviewed and evaluated a TFA dossier without concluding on the need for further regulatory actions.

Moreover, according to the most recent 2022 UNEP/WMO report: “TFA abundance and its environmental impacts have been assessed in many previous Assessments (e.g., Montzka, Reimann et al., 2011; Montzka, Velders et al., 2018; Carpenter, Daniel et al., 2018). Previous Assessments concluded that the environmental effects of TFA due to the breakdown of HCFCs and HFCs are too small to be a risk to the environment over the next few decades based on the projected future use of hydrocarbons, HCFCs, and HFOs.”

The most recent EEAP 2022 Assessment Report also concludes that “based on projected future use of these precursors of TFA [incl. HFC/HFO], no harm is anticipated” and that TFA “is unlikely to cause adverse effects out to 2100”.

Detailed analysis on HFC/HFO degradation products and relevant hazard, exposure and risks assessments of TFA is provided in the Honeywell submission reference no: 76bb3d12-2101-4390-82cf-3498b47e8015.

In addition, many HFC/HFO gases are already comprehensively/adequately regulated in EU and beyond, including via effective Risks Management Measures (RMMs) under the EU F-Gas Regulation, MAC Directive (F-Gas Regulation), ELV Directive, Industrial Emissions Directive and other legislation. These laws mandate inter alia progressive limitations on placing on the market (e.g., HFC (F-Gas) quotas and certain equipment bans), comprehensive containment measures (leaks controls, servicing certification for HFC/HFO in RHVAC), product (eco-)design and safe use standards (e.g., ISO 5149-1:2014, EN 378, disposal and end-of-life requirements (e.g., recuperation and re-use of F-gases)). These regulations could be strengthened at any time, if warranted.

Therefore, even those HFC/HFO gases that degrade to TFA in substantial rates, such as HFO-1234yf, HFC-134a or HFC-227ea, should be excluded from the PFAS restriction scope due to the absence of unacceptable or not adequately controlled risks within the meaning of Articles 68 - 69 REACH.

Furthermore, contrary to the requirements of Part II, Section 3 of Annex XV REACH Regulation, the Proposal is missing an objective, credible and specific enough assessment of “information on the risks to human health and the environment related to the manufacture or use of the alternatives” as well as on consistency of these alternatives with wider-EU decarbonization and sustainability policies (including, European Green Deal, Fit for 55, REPowerEU, etc.). These assessments are particularly important as far as certain key RHVAC uses of HFC/HFO are concerned.

In this respect, the “careful and impartial” assessment of all available information, including submitted by stakeholders during two Calls for Evidence (CfE) preceding the Proposal, unequivocally demonstrates the scarcity of safe and sustainable alternatives for many uses of HFC/HFO fluorinated gases including in commercial, industrial, and domestic RHVAC applications. Bans on such uses as suggested in the Proposal will result in very high costs on the society and the environment (climate change) and will be contrary to wider-EU policies as well as principles of the EU law.

In this respect, alternative refrigerants referred in the Proposal (often misleadingly called “natural refrigerants”), including CO2 (R-744), ammonia (R-717) and certain hydrocarbons (e.g., propane (R-290), isobutane (R-600a)) are suggested by the Dossier Submitters without adequate assessments of corresponding safety risks such as flammability, toxicity, very high operating pressures, etc. In the meantime, objective assessments of their intrinsic properties and reported incidents (Annexes II-IV) involving those refrigerants demonstrate that respective risks are considerably higher, and often cannot be adequately controlled, than from “fourth generation” HFC/HFO refrigerants specifically designed for these respective uses.

Moreover, two comprehensive studies in Appendixes 1 and 2 of our submission demonstrate that in case of substitutions proposed by Dossier Submitters for RHVAC sector the electricity consumption and respective GHG emissions will result to additional annual 6.9 TWhr/yr of demand and 2.7 MTonne/yr of CO2eq GHG emissions, and will incur additional electricity cost of 1-3.4 Billion €/yr for ~44% of the overall EU air conditioning and heat pumps (AC/HVAC) sector. The proposed substitutions will also add 5.7 TWhr/yr to annual demand on the electricity grid, 2.4 MTonne/yr of CO2eq emissions and additional electricity costs of 0.8-3 Billion €/yr in ~64% of the total commercial refrigeration sector. These costs, combined with potential losses or damages from potential incidents (see above) are too high and disproportionate in comparison with alleged concerns due to persistency of the TFA substance, which is negligible and we have demonstrated in our submission to ECHA with reference. This approach to alternatives is also against wider EU policies on climate change, decarbonization and sustainable energy. It will also add, as we state above 1-3.4 Billion €/yr for ~44% of the overall EU air conditioning and heat pumps (AC/HVAC) sector.

Considering all available information, Honeywell submits that the following HFC/HFO fluorinated refrigerants should be excluded from the scope of the Proposal: HFC-125, HFC-143a, HFO-1234ze(E), HCFO-1233zd(E), HFO-1336mzz(E), HFO-1336mzz(Z), HFC-245fa, HFC-365mfc, HFO-1234yf, HFC-134a, HFC-227ea, HFC-236fa, or their uses in commercial RHVAC/HVAC applications should be subject to time unlimited derogations in line with the provisions of Articles 68 and 69 REACH.

In line with previous practices this exclusion or derogation should also cover maintenance or repair, refitting and reselling activities involving second hand RHVAC systems already placed on the market or installed.


	
	
	Answer to specific info request 1:
Honeywell is a global manufacturer and importer of various fluorinated gases to the European Union (EU), including hydrofluorocarbons (HFC) and hydrofluoroolefins (HFO) refrigerants and their mixtures (blends), primarily used in commercial, industrial as well as domestic refrigeration, heating, ventilation and air conditioning (RHVAC or HVAC, including heat pumps) applications.

	
	
	Answer to specific info request 2:
see attachment

	
	
	Answer to specific info request 3:
see attachment

	
	
	Answer to specific info request 4:
see attachment

	
	
	Answer to specific info request 5:
see attachment

	
	
	Answer to specific info request 8:
see attachment

	
	
	Answer to specific info request 9:
see attachment
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Type:
BehalfOfAnOrganisation
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Company
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EPTA SPA
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Italy
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<redacted>
Privacy statement:
The information in the attachments is confidential and was prepared by Epta solely for ECHA's use.  It is not to be relied on by any third party without Epta prior written consent.
	General Comments:
Epta is a multinational Group operating in the commercial refrigeration sector with its brands Costan, Bonnet Névé, Eurocryor, Misa, Iarp and Kysor Warren.
Headquartered in Milan (Italy), EPTA operates in the Retail, Food & Beverage and Ho.Re.Ca. sectors.
Epta is a commercial refrigeration specialist with 6,300 employees, a far-reaching presence all over the world covered by 40 technical and commercial sites, more than 100 countries reached with our products and 11 manufacturing facilities, for a total surface area of over 390,000 m2 and annual output of 490,000 units.
Our offer includes traditional refrigerated display cases, vertical and semi-vertical positive temperature cabinets, vertical and horizontal negative temperature cabinets, built-in refrigerator cabinets (Plug-in) for Retail and Food&Beverage, medium and high-power refrigeration units, refrigerated cabinets and cold rooms for the catering industry.
Along with our products we offer a complete range of services, from designing and planning for stores and refrigerated lines to aftersales services, maintenance, remote monitoring and retrofitting cabinets.
Epta is a complete system provider for commercial refrigeration, combining its range of products with a host of services supplied by its specialist brands: from designing store layouts to refrigerating plants, refrigerated cabinets and services, installation and end-of-lifecycle services.
Since several years the appliances and systems we supply use exclusively natural refrigerants in order to achieve an drastic reduction of the carbon emissions while ensuring that our systems do not cause any chemical impact on the environment.
Commercial refrigeration products and systems based on natural refrigerants today are widely available on large scale and their diffusion in the last few years has increased significantly in Europe and all over the world, making them today the preferred choice of the contractors and end users.
However, we still have to use several fluorinated PFAS refrigerants for the maintenance of existing equipment and systems to compensate for the leakages in operation and maintenance.
Besides, PFAS substances are used in a significant number of components, subassemblies and spare parts used in the refrigeration equipment, most of which do not have alternatives to date, such as compressors, fans, cables, electronic components, cabinet paints and coatings, heat exchangers, o-rings, gaskets, insulation and foams, which are critical for the refrigeration industry.
It needs to be highlighted though that PFAS substances contained in solid objects are not subject to be released in the environment during the product lifetime. Furthermore, these products are properly treated at the end of their life under the WEEE Directive.
Therefore, in reason of their negligible PFAS release factor and considering that the majority of these components, sub-assemblies and spare parts currently used by the industry do not have non-PFAS alternatives to-date, for those components a time unlimited derogation should be put in place, also to ensure the availability of spare parts for the repair of the existing equipment in line with the Resource Efficiency and Circular Economy action plan.

	
	
	Answer to specific info request 1:
Applications of fluorinated gases (Refrigeration)

	
	
	Answer to specific info request 2:
Direct emissions in a refrigeration system are comprised of the effects of refrigerant released into the atmosphere over the lifetime of the unit and afterwards.  This includes: • Losses during manufacturing and charging of the unit with the refrigerant • Annual refrigerant loss from gradual and continuous leaks during usage and/or the leakages that occur during the operation of service and maintenance • Losses at the end of life disposal of the unit • Atmospheric reaction products from the breakdown of the refrigerant in the atmosphere. Units have become more reliable over the past decades and continue to improve. The values are displayed hereafter for various types of units.  For the commercial refrigeration systems average unit lifetime is assumed 10 years. The EU Commission Preliminary Impact Assessment for the revision of the F-Gas Regulation (EU 517/2014) indicates the Annual lifetime, disposal and manufacturing emission factors (2020) in Refrigeration: - Central systems 9% (LE) / 18% (DE) - Condensing units 6%(LE) / 25% (DE) - Hermetic units 1% (LE) / 35% (DE) - Industrial (food) 4% (LE) / 30% (DE) - Industrial (other) 5% (LE) / 30% (DE) where LE = lifetime emissions, DE = disposal emissions. The manufacturing emission factor is generally considered very close to 0. The amount of refrigerant that is lost annually must be every time recharged in order to maintain the expected system performance, particularly the capability to maintain the food products at the correct conservation temperature, and the targeted energy efficiency. The EOL of a refrigerating system includes a first phase of remediation, through which the residual refrigerant is recovered.  • After the remediation, the refrigerator and the refrigerant are treated separately • The former is disposed in waste recovery plants for the recovery of the materials through manual disassembly, hulk shredding, material separation, recycling of the materials in different percentages, and the remaining part by incinerating or landfill • On the other hand, the recovered refrigerant will be regenerated by filtering and distillation • During dismantling of the equipment the foaming agent partially present in the insulation material may be recovered.

	
	
	Answer to specific info request 5:
Ref.: Maintenance and refilling of existing HVACR equipment put on the market before [18 months after EiF] and for which no drop-in alternative exist until 13.5 years after EiF  Critical is the maintenance of existing equipment and systems that are generating continuing emissions, which maintains a considerable consumption of HFC/HFOs to compensate for the leakages in operation and maintenance. For example, R-404A and R-507a (market standard since 2009) are banned in all new commercial refrigeration equipment from January 1st, 2020, but they can still be used for the maintenance of existing plants to regularly compensate for the leakages. The main source of emissions of PFAS substances in the refrigeration sector is the consumption of HFC/HFOs during the lifetime of the equipment. The quantity of HFC/HFO refrigerant used by our company and in the Italian refrigeration market for the servicing and maintenance of the existing systems in operation in the market is indicated in Section V. There do not exist non-PFAS drop-in alternatives for existing systems, but the alternatives to those conventional HFC/HFO refrigerants are available on the refrigeration market as deep retrofitting or new equipment using natural refrigerants (R744/CO2 and R290/propane). In order to address this issue it is of highest importance to raise the attention of the member states towards a structural program of green transition in commercial refrigeration, supporting food retailers to replace existing plants using PFAS and highly climate-impacting HFC/HFOs with new commercial refrigeration systems that use natural refrigerants.

	
	
	Answer to specific info request 7:
PFAS are used in a significant number of components, subassemblies, spare parts used in the refrigeration equipment, most of which do not have alternatives to date, such as compressors, fans, cables, electronic components, cabinet paints and coatings, heat exchangers, o-rings, gaskets, insulation and foams, which are critical for the refrigeration industry. PFAS substances contained in solid objects are not subject to be released in the environment during the product lifetime. Furthermore, these products are properly treated at the end of their life under the WEEE Directive.  Therefore, in reason of their negligible PFAS release factor and considering that the majority of the components, sub-assemblies and spare parts currently used by the industry do not have non-PFAS alternatives to-date, for those components a time unlimited derogation should be put in place also to ensure the availability of spare parts for the repair in line with the Resource Efficiency and Circular Economy action plan.

	
	
	Answer to specific info request 8:
There is growing acceptance of the use of natural refrigerants in the commercial and industrial refrigeration markets. The commercial refrigeration industry has fully adapted its technologies and product portfolio replacing HFC/HFOs with natural refrigerants, carbon dioxide (R744, CO2 - GWP1) and propane (R290 – GWP3), which are currently used in the market for new refrigeration systems and which do not cause direct greenhouse effect nor are PFAS substances. Refrigerant R744(CO2) is used for centralized refrigeration systems, with power racks and/or condensing units, for medium and large stores and supermarkets in commercial and industrial refrigeration. Commercial refrigeration products and systems based on natural CO2 refrigerant are widely available on a large scale and their diffusion has increased significantly in Europe and all over the world. According to market analyst Atmosphere (2022), 57,000+ supermarkets in EU were using transcritical CO2 systems in Dec 2022, with 60% annual growth rate. Natural refrigerant R290(propane) is used for self contained and/or hermetically sealed equipment in commercial, professional and household refrigeration according to the ISO/EN 60335 safety standards, 5 million display cases and beverage coolers in EU installed to date. Different natural refrigerant based solutions are available in the market from a several different suppliers and companies and compete against each other in this sector, and in most cases for a given application there are several possible solutions using natural refrigerants. The wide adoption of natural refrigerants is mainly due to  - Near-to-zero GWP and HFC quota free - Beneficial for the world environmental targets, and as such not covered by F-Gas Regulation  - Free from any potential chemical risk for the environment, including PFAS harmful effects - The cost is low and stable compared to chemical refrigerants (especially if patented) - Pure fluids, free from any glide effect, hence highly performant and efficient - Compliant with any future environmental regulation - Exempted from obligations of regular leakage checks (CO2eq based), record keeping (5 years), labelling of products and equipment, certification of personnel performing the maintenance, annual reports, etc. The expected benefits of the transition to natural refrigerants are: • Environmental, a considerable reduction in climate altering and PFAS chemical effects  • Modernization of the food distribution network • Create green jobs in the manufacturing and and reskilling service companies • Reduction of operating costs, in particular those related to the maintenance due to the high cost of HFC/HFOs and bureaucratic burdens related to the documentation, leakage inspection and administrative prescriptions • Stop the big business in the illegal HFC market
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Individual
Country:
Sweden
	General Comments:
It is of utmost importance that substances that are dangerous to humans will be banned from being used carelessly.
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	General Comments:
-

	
	
	Answer to specific info request 1:
See Confidential Attachment

	
	
	Answer to specific info request 6:
See Confidential Attachment
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See Confidential Attachment
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Company
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W. L. Gore & Associates GmbH
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Germany
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<redacted>
Privacy statement:
As disclosure would undermine the protection of commercial interests of a natural or legal person, including intellectual property (Art 4(2) of Regulation (EC) No 1049/2001
	General Comments:
We provide information in the attachments

	
	
	Answer to specific info request 1:
See attachments
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	General Comments:
Information is provided in the attachments
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Pharmaceuticals and Veterinary Products processing

	
	
	Answer to specific info request 6:
Applications in the processing of Pharmaceuticals and Veterinary Products
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Type:
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Company
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<redacted>
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Japan
Company name confidential:
Yes
Attachment:
<redacted>
Privacy statement:
Including our product information
	General Comments:
The following two items are included in the attached confidential appendix.
1) Additional request to comment 3967
・We request that FKM sealing used in hollow fiber filtration membrane modules used in the pharmaceutical manufacturing process be exempt from this PFAS  restriction. The reason or basis for the request is the same as for the comment 3967. The reasons why FKM is irreplaceable are described in the appendix file.
2) Supplemental information to comments 3942, 3967, 4291 and 4354
・Emissions in the end-of-life phase
・Recycling and Disposal
・General toxicology of fluoropolymers
・Addition of reference URLs

	
	
	Answer to specific info request 1:
1. Industrial food and feed production  2. Semiconductors  3. Water supply, wastewater treatment, and water recycling fields  4. Pharmaceutical manufacturing process (3 and 4 are not applied to the sector and (sub-)uses)

	
	
	Answer to specific info request 2:
The percentages of emissions are as follows: ・The manufacture phase 0% ・The use phase 0% ・The end-of-life phase 100% Our products are manufactured outside the EU. Since the articles are imported, the raw materials are not distributed within the EU. According to the guide of Plastics Europe [1], fluoropolymers are inert, resistant to high thermal load, do not contain harmful elements which can leach out and do not emit gases. According to the guide of SPI (the Society of the Plastics Industry) [2], significant decomposition occurs only when fluoropolymers are heated above their recommended processing temperatures. (e.g., PVDF: 232℃, PFA: 380℃) Furthermore, since Fluoropolymer can withstand most chemicals [3], emissions during the use phase are considered to be 0%. Since emissions of the manufacture and use phase are 0%, emissions of the end-of-life phase are considered to be 0%.  [1] https://fluoropolymers.plasticseurope.org/application/files/6216/3178/0517/Fluoropolymers_Safe_Hand_EN__June_2021.pdf [2] https://access.plasticsindustry.org/ItemDetail?iProductCode=BU201&Category=PUBLICATIO [3] https://knf.com/fileadmin/Global_files/Downloads/Chem_Resist__Pvdf_Peek.pdf

	
	
	Answer to specific info request 3:
Fluoropolymers can be incinerated in special waste incinerators, at a minimum temperature of 800℃. Control measures, such as wet scrubbing with alkaline solutions, may be necessary to maintain the emission of hydrogen fluoride below that specified by National or local regulation. This method of disposal is most relevant to disposal where the fluoropolymer is a component of a larger article. [Ref.] https://fluoropolymers.plasticseurope.org/application/files/6216/3178/0517/Fluoropolymers_Safe_Hand_EN__June_2021.pdf

	
	
	Answer to specific info request 4:
As fluoropolymers are used predominantly in small components of larger finished products it is usually impractical to separate, decontaminate and reclaim the small amounts of fluoropolymers used. The presence of fluoropolymers is not a barrier to recycling the main component. Some of the recycling companies are listed in the appendix file.  [Ref.] https://fluoropolymers.plasticseurope.org/application/files/6216/3178/0517/Fluoropolymers_Safe_Hand_EN__June_2021.pdf
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<redacted>
Privacy statement:
This information has our commercial interests, including intellectual property, would be undermined.
	General Comments:
We are a fluoropolymer processing manufacturer who handles PTFE, PFA, FEP etc. Fluoropolymers are socio-economically essential and no-hazardous under appropriate conditions. We believe that the proposed resrtiction is extremley excessive to regulate all PFAS as one category despite the variety of types.
We supports the two statements made by JFIA and FCJ on the issues of proposed restriction, as per attached in Section IV.

	
	
	Answer to specific info request 1:
Food contact materials and packaging (Annex E.2.3.) Food contact materials

	
	
	Answer to specific info request 7:
This comment includes "Non-stick coatings in industrial and professional bakeware" identified in Annex E 2.3. Please see attached confidential file in the Section V.

	
	
	Answer to specific info request 8:
This comment includes "Consumer cookware and home kitchen appliances" and "Industrial food, drink and feed processing" identified in Annex E 2.3. Please see attached confidential file in the Section V.
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Germany
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<redacted>
	General Comments:
Gleason Consultation PFAS Restriction Proposal

We are a leading company in the development and manufacture of production systems for gears of all kinds. Our product offerings include gear and transmission design software, gear cutting and measuring machines, automation solutions, tools, clamping devices, plastic gears, and the interconnection of these individual elements to form intelligent manufacturing systems.
The Gleason Group has over 2200 employees, with manufacturing and service offices in all major industrial centers worldwide.
Gleason sees itself as a company that promotes and takes environmental protection into account. So we are constantly working on improving things and keeping environmental awareness high. We are committed to a sustainable business model that includes every Gleason employee worldwide. We use best practice concepts for waste avoidance and energy efficiency. Our product design and internal manufacturing methods also follow resource-saving principles.
Looking to the future, we are all concerned not to create sustainable problems. To build products that do not contain or release harmful substances and are also unproblematic and recyclable in terms of disposal.
We understand the efforts to remove harmful PFAS from the market as soon as possible and welcome this approach. The faster this goal can be achieved, the better it is for people, the environment and nature.
In order to understand the difficulties in the overall context of "mechanical engineering", it is important to know that during the development, construction and operation of a machine, a wide variety of requirements must be taken into account for the materials or products used.
Thus, in addition to a purely visual requirement for the appearance of a machine, many other requirements take precedence. These are mainly technical requirements such as temperature resistance, chemical resistance, abrasion resistance, UV resistance, etc.
At Gleason, the planned PFAS ban will primarily affect the interface elements within a machine. Overall, however, there is a high number of materials and products that are affected. These include, but are not limited to:

- Seals that ensure that lubricating oils, cooling water and cooling lubricants do not leak out of the machine
- Hoses that guide the different media through the machine to the place where they are needed
- Coatings that are partially applied to our components (protection or function)
- Lubricants that ensure that parts can move against each other permanently
- Cooling lubricants that make it possible to process metals in the first place
- Filters that ensure that the removed metal can be separated from the cooling lubricant and reused
- Sliding bushings, which have to be used instead of traditional bearings in order to meet the requirements for the installation space
- Cables that enable power supply and signal exchange within the machine

Almost all of the above examples are finished products from other companies. For example, seals are selected according to our needs, but usually from a standard catalog. Hoses are also selected by us according to technical parameters, but not manufactured. The same applies to all other materials.
In connection with the PFAS ban, we see above all that we are often not in a position to evaluate the ingredients of the materials. Either because there is no clear information about it or we are simply not familiar with the ingredients or know which ones are harmful or harmless.
So, in our case, we are pure end users. If we had the choice to choose a technically comparable product that does not contain PFAS, we would certainly do so.
However, in the absence of alternatives, we now have no choice but to choose the products offered by the manufacturers.
So the first step must start with the manufacturers. Only when they are able to offer products with identical properties can the end user choose an alternative.
If we were forced to implement the PFAS ban today, we would no longer be able to build machines. The ban could be equated with a closure of the company.
Unemployment in the entire international mechanical engineering industry (and of course in many other branches of industry) would be the result.

Appendix:
- List of questionable elements at the Ludwigsburg site in Germany (excerpt): Stellungnahme_PFAS_Datenbeispiel.xlsx
- VDW Beispiele_Fluorpolymerdichtungen_in_Wzm.ppt
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lobbying transparency register ID number 27993486325-38 5/07/2023 


PU Europe input #1 to the Annex XV restriction report for PFAS 


 


PU Europe is the European Federation of manufacturers of polyurethane thermal insulation 


products, from construction products manufactured in factories to in-situ formed foam, based in the 


European Union and the UK. 


PU Europe would like to raise the below comments which call for the fluorinated gases that are 


used in our industry1 to be fully exempted from the scope of the restriction proposal: 


• In divergence from what the dossier submitters state, those substances are not classified as 


(very) persistent under REACH (they have atmospheric lifetime of days or months) and more 


importantly, they do not decompose in the environment into trifluoroacetic acid (TFA) in a 


meaningful fraction (see the EFCTC evidence2). Information submitted on hazard, exposure 


and risk assessments by the manufacturers and importers of those substances shall be 


carefully read by ECHA experts;  


• The objective to establish a very broad definition of PFAS, therefore covering thousands of 
substances with different (eco-) toxicity profiles, is not aligned with science and with ECHA’s 
own guidelines on Read Across policy. Furthermore, the OECD Expert Group on PFAS issued 
in 20213 the following position that supports a more targeted restriction: “As PFASs are a 
chemical class with diverse molecular structures and physical, chemical and biological 
properties, it is highly recommended that such diversity be properly recognized and 
communicated in a clear, specific and descriptive manner. The term “PFASs” is a broad, 
general, non-specific term, which does not inform whether a compound is harmful or not, but 
only communicates that the compounds under this term share the same trait for having a 
fully fluorinated methyl or methylene carbon moiety”. The latter approach was again 
supported in 2022 by the majority of experts in the UNEP Environmental Effects Assessment 
Panel; 


• European risk management measures for products containing HFO/HCFO are in place and 
get continuously strengthened to achieve a European circular economy. In many countries, 
measures targeting the recovery and treatment of construction products when they reach 
their end of life (which might be in 50 years from now for insulation products) are discussed 
at the time of writing. Furthermore, several industry activities at national level aim to put in 
place take back schemes for construction waste at first; 


• Others jurisdictions in the world like the UK Health and Safety Executive and the US 


Environmental Protection Agency do not target HFOs/HCFOs in their efforts to regulate 


PFAS, they rather focus on certain groups of substances and certain applications. 


PU Europe sincerely hopes that the above comments will be taken into consideration and would like 


to recall the support of its members to the EU long term carbon neutrality goal. Our products are 


critical in curbing energy consumption, and hence CO2 emissions, during the use phase of buildings, 


including commercial, industrial, and public dwellings.  


 
1 HFO-1336mzz-Z, HCFO-1233zd-E & HFO-1234ze-E are used as blowing agents in certain in rigid closed-cell 
PU/PIR insulation foam like in-situ spray foam, bespoke technical equipment (insulation cabinets & cold chain), 
as well as in continuous and discontinuous production lines. It is worth noting that the predominant blowing 
agents used in our industry (>90%) are Pentane isomers. 
2 EFCTC, September 2021, https://www.fluorocarbons.org/news/published-evidence-supports-very-low-yields-
of-tfa-from-most-hfos-and-hcfos/  
3 Reconciling Terminology of the Universe of Per- and Polyfluoroalkyl Substances: Recommendations and 
Practical Guidance, OECD Series on Risk Management, No. 61, 2021. 



https://www.fluorocarbons.org/news/published-evidence-supports-very-low-yields-of-tfa-from-most-hfos-and-hcfos/

https://www.fluorocarbons.org/news/published-evidence-supports-very-low-yields-of-tfa-from-most-hfos-and-hcfos/
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Commercial Refrigeration, Air conditioning and Heat pumps sub-uses of fluorinated 
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Executive Summary 


Honeywell International Inc. (hereinafter - Honeywell)1 is a global manufacturer and importer of various 
fluorinated gases to the European Union (EU), including hydrofluorocarbons (HFC) and 
hydrofluoroolefins (HFO) refrigerants and their mixtures (blends), primarily used in commercial, 
industrial as well as domestic refrigeration, heating, ventilation and air conditioning (RHVAC or HVAC, 
including heat pumps) applications.    


On 13 January 2023, the competent authorities of five EEA member states (Dossier Submitters) 
submitted to the European Chemical Agency (ECHA) the PFAS REACH2 Annex XV Restriction Report 
(Proposal).3 Honeywell submits the following information, comments and proposals to the ECHA 1st 
public consultation on the Proposal.  


Contrary to what the Dossier Submitters claim, there are a range of PFAS substances, including various 
fluorinated gases, that are not very persistent (vP) as such and do not degrade to vP substances in 
meaningful amounts. For instance, the gases HFC-125, HFC-143a, HFC-245fa, HFO-1234ze(E), HFO-
1233zd(E), HFO-1336mzz(E), HFO-1336mzz(Z), HCFO-1233zd(E) degrade in the atmosphere to 
carbon dioxide (CO2), Hydrogen fluoride (HF) and insignificant amounts of the only PFAS arrowhead 
substance - trifluoroacetic acid (TFA).4 Also comprehensive conclusive scientific evidence, including 
from respective REACH registration dossiers, confirms that many PFAS (comprising, HFC/HFO) are 
low hazard gaseous substances that do not exhibit risks similar to PBT/vPvB substances under Article 
XIII REACH. Thus, they should be excluded from the scope of the Proposal. 


According to the REACH registration dossier and Chemical Safety Report (CSR) for TFA5, although the 
substance fulfils certain criteria for persistency, it has scientifically established DNEL/PNEC thresholds 
and is not classified as PBT or vPvB substance under Annex XIII REACH. It does not raise equivalent 
levels of concern under Article 57(f) REACH.6 In this respect, ECHA already reviewed and evaluated a 
TFA dossier without concluding on the need for further regulatory actions.7  


Moreover, according to the most recent 2022 UNEP/WMO report: “TFA abundance and its 
environmental impacts have been assessed in many previous Assessments (e.g., Montzka, Reimann 
et al., 2011; Montzka, Velders et al., 2018; Carpenter, Daniel et al., 2018). Previous Assessments 
concluded that the environmental effects of TFA due to the breakdown of HCFCs and HFCs are too 
small to be a risk to the environment over the next few decades based on the projected future use of 
hydrocarbons, HCFCs, and HFOs.”8 


The most recent EEAP 2022 Assessment Report also concludes that “based on projected future use of 
these precursors of TFA [incl. HFC/HFO], no harm is anticipated” and that TFA “is unlikely to cause 
adverse effects out to 2100”.9   


Detailed analysis on HFC/HFO degradation products and relevant hazard, exposure and risks 
assessments of TFA is provided in the Honeywell submission reference no: 76bb3d12-2101-4390-82cf-
3498b47e8015. 


 
1  See the list of acronyms and abbreviations (aligned with the Proposal) in Annex I below. 
2  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 (REACH), establishing a 


European Chemicals Agency, amending Directive 1999/45/EC and repealing Council Regulation (EEC) No 793/93 


and Commission Regulation (EC) No 1488/94 as well as Council Directive 76/769/EEC and Commission Directives 


91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/EC (REACH or REACH Regulation). 
3  On 22 March 2023, ECHA published the PFAS REACH Annex XV Restriction Report in the Registry of 


restriction intentions until outcome and started the 1st Annex XV report consultation with a final deadline for 


comments on 25 September 2023. 
4  TFA yields rates (molar), see section 3.8, Fig. 12 and pages 314-319 of the Environmental Effects of 


Stratospheric Ozone Depletion, UV Radiation, and Interactions with Climate Change, EEAP 2022 Assessment 


Report; Please also see detailed EFCTC position paper Published evidence supports very low yield of TFA from 


most HFOs and HCFOs. 
5  Trifluoroacetic acid, EC number: 200-929-3, CAS number: 76-05-1 
6  See e.g. Mammalian toxicity of trifluoroacetate and assessment of human health risks due to 


environmental exposure, Wolfgang Dekant, Raphael Dekant, 17 February 2023  
7  E.g., in 2017-2021, ECHA concluded comprehensive dossier evaluation of Trifluoroacetic acid, without 


indications of the need for further actions. 
8  Page 137,Scientific Assessment of Ozone Depletion: 2022, GAW Report No. 278, 509 pp.; WMO, 2022. 
9  See pages 25 and 259 of the EEAP 2022 Assessment Report. 



https://en.wikipedia.org/wiki/Hydrofluorocarbon

https://en.wikipedia.org/wiki/Hydrofluoroolefin

https://echa.europa.eu/restrictions-under-consideration/-/substance-rev/72301/del/50/col/synonymDynamicField_2703/type/asc/pre/1/view?_viewsubstances_WAR_echarevsubstanceportlet_SEARCH_CRITERIA_NAME=Per-+and+polyfluoroalkyl+substances+%28PFAS%29&_viewsubstances_WAR_echarevsubstanceportlet_SEARCH_CRITERIA_EC_NUMBER=-

https://echa.europa.eu/registration-dossier/-/registered-dossier/16074

https://echa.europa.eu/registration-dossier/-/registered-dossier/5203/1/1

https://echa.europa.eu/de/registration-dossier/-/registered-dossier/5203/1/1

https://ozone.unep.org/system/files/documents/EEAP-2022-Assessment-Report-May2023.pdf

https://eur-lex.europa.eu/legal-content/en/TXT/HTML/?uri=CELEX:02006R1907-20221217

https://eur-lex.europa.eu/legal-content/en/TXT/HTML/?uri=CELEX:02006R1907-20221217

https://echa.europa.eu/nl/registry-of-restriction-intentions?p_p_id=disslists_WAR_disslistsportlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&_disslists_WAR_disslistsportlet_javax.portlet.action=searchDissLists

https://echa.europa.eu/nl/registry-of-restriction-intentions?p_p_id=disslists_WAR_disslistsportlet&p_p_lifecycle=1&p_p_state=normal&p_p_mode=view&_disslists_WAR_disslistsportlet_javax.portlet.action=searchDissLists

https://ozone.unep.org/system/files/documents/EEAP-2022-Assessment-Report-May2023.pdf

https://ozone.unep.org/system/files/documents/EEAP-2022-Assessment-Report-May2023.pdf

https://www.fluorocarbons.org/wp-content/uploads/2021/08/2021_08_EFCTC_Position-Paper_Published-evidence-supports-very-low-yields-of-TFA-from-most-HFOs-and-HCFOs_F.pdf

https://www.fluorocarbons.org/wp-content/uploads/2021/08/2021_08_EFCTC_Position-Paper_Published-evidence-supports-very-low-yields-of-TFA-from-most-HFOs-and-HCFOs_F.pdf

https://echa.europa.eu/registration-dossier/-/registered-dossier/5203/1/1

https://link.springer.com/article/10.1007/s00204-023-03454-y

https://link.springer.com/article/10.1007/s00204-023-03454-y

https://echa.europa.eu/information-on-chemicals/dossier-evaluation-status/-/dislist/details/0b0236e1812f4e1c

https://ozone.unep.org/system/files/documents/Scientific-Assessment-of-Ozone-Depletion-2022.pdf

https://ozone.unep.org/system/files/documents/EEAP-2022-Assessment-Report-May2023.pdf
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In addition, many HFC/HFO gases are already comprehensively/adequately regulated in EU and 
beyond, including via effective Risks Management Measures (RMMs) under the EU F-Gas 
Regulation10, MAC Directive11 (F-Gas Regulation), ELV Directive12, Industrial Emissions Directive13 
and other legislation. These laws mandate inter alia progressive limitations on placing on the market 
(e.g., HFC (F-Gas) quotas and certain equipment bans), comprehensive containment measures (leaks 
controls, servicing certification for HFC/HFO in RHVAC), product (eco-)design and safe use standards 
(e.g., ISO 5149-1:2014, EN 378, disposal and end-of-life requirements (e.g., recuperation and re-use 
of F-gases)). These regulations could be strengthened at any time, if warranted.  


Therefore, even those HFC/HFO gases that degrade to TFA in substantial rates, such as HFO-1234yf, 
HFC-134a or HFC-227ea, should be excluded from the PFAS restriction scope due to the absence of 
unacceptable or not adequately controlled risks within the meaning of Articles 68 - 69 REACH. 


Furthermore, contrary to the requirements of Part II, Section 3 of Annex XV REACH Regulation, the 
Proposal is missing an objective, credible and specific enough assessment of “information on the risks 
to human health and the environment related to the manufacture or use of the alternatives”14  as well 
as on consistency of these alternatives with wider-EU decarbonization and sustainability policies 
(including, European Green Deal, Fit for 55, REPowerEU, etc.). These assessments are particularly 
important as far as certain key RHVAC uses of HFC/HFO are concerned.  


In this respect, the “careful and impartial” assessment of all available information, including submitted 
by stakeholders during two Calls for Evidence (CfE) preceding the Proposal,15 unequivocally 
demonstrates the scarcity of safe and sustainable alternatives for many uses of HFC/HFO fluorinated 
gases including in commercial, industrial, and domestic RHVAC applications. Bans on such uses as 
suggested in the Proposal will result in very high costs on the society and the environment (climate 
change) and will be contrary to wider-EU policies as well as principles of the EU law.  


In this respect, alternative refrigerants referred in the Proposal (often misleadingly called “natural 
refrigerants”), including CO2 (R-744), ammonia (R-717) and certain hydrocarbons (e.g., propane (R-
290), isobutane (R-600a)) are suggested by the Dossier Submitters without adequate assessments of 
corresponding safety risks such as flammability, toxicity, very high operating pressures, etc. In the 
meantime, objective assessments of their intrinsic properties and reported incidents (Annexes II-IV) 
involving those refrigerants demonstrate (see section 3 below) that respective risks are considerably 
higher, and often cannot be adequately controlled, than from “fourth generation” HFC/HFO refrigerants 
specifically designed for these respective uses. 


Moreover, two comprehensive studies in Appendixes 1 and 2 below, demonstrate that in case of 
substitutions proposed by Dossier Submitters for RHVAC sector the electricity consumption and 
respective GHG emissions will result to additional annual 6.9 TWhr/yr of demand and 2.7 MTonne/yr of 
CO2eq GHG emissions, and will incur additional electricity cost of 1-3.4 Billion €/yr for ~44% of the 
overall EU air conditioning and heat pumps (AC/HVAC) sector. The proposed substitutions will also add 
5.7 TWhr/yr to annual demand on the electricity grid, 2.4 MTonne/yr of CO2eq emissions and additional 
electricity costs of 0.8-3 Billion €/yr in ~64% of the total commercial refrigeration sector. These costs, 
combined with potential losses or damages from potential incidents (see above) are too high and 
disproportionate in comparison with alleged concerns due to persistency of the TFA substance, which 
is negligible and we have demonstrated in our submission to ECHA with reference. This approach to 
alternatives is also against wider EU policies on climate change, decarbonization and sustainable 
energy. It will also add, as we state above 1-3.4 Billion €/yr for ~44% of the overall EU air conditioning 
and heat pumps (AC/HVAC) sector. 


 
10  Regulation (EU) No 517/2014 of the European Parliament and of the Council of 16 April 2014 on 


fluorinated greenhouse gases and repealing Regulation (EC) No 842/2006 (as amended and currently under 


review, available here). 
11  Directive 2006/40/EC of the European Parliament and of the Council of 17 May 2006 relating to emissions 


from air conditioning systems in motor vehicles and amending Council Directive 70/156/EEC (as amended). 
12  Directive 2000/53/EC of the European Parliament and of the Council of 18 September 2000 on end-of life 


vehicles (as amended) 
13  Directive 2010/75/EU of the European Parliament and of the Council of 24 November 2010 on industrial 


emissions (integrated pollution prevention and control) (Recast) 
14  Appendix E.2 contains only basic general information on alternative substances (e.g., CAS number, 


harmonised CLP classification and similar). 
15  2 Stakeholder Consultation on a Restriction for PFAS - August-October 2021.  



https://climate.ec.europa.eu/eu-action/fluorinated-greenhouse-gases/eu-legislation-control-f-gases_en

https://climate.ec.europa.eu/eu-action/fluorinated-greenhouse-gases/eu-legislation-control-f-gases_en

https://single-market-economy.ec.europa.eu/sectors/automotive-industry/environmental-protection/mobile-air-conditioning-systems-macs_en

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02000L0053-20200306

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

https://www.iso.org/standard/54979.html

https://www.area-eur.be/publications/introduction-refrigeration-standard-en-378

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en

https://www.consilium.europa.eu/en/policies/green-deal/fit-for-55-the-eu-plan-for-a-green-transition/

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/repowereu-affordable-secure-and-sustainable-energy-europe_en

https://climate.ec.europa.eu/eu-action/fluorinated-greenhouse-gases/eu-legislation-control-f-gases_en

https://www.reach-clp-biozid-helpdesk.de/EN/Home/German_propsal_restriction/PFAS/PFAS.html
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Considering all available information, Honeywell submits that the following HFC/HFO fluorinated 
refrigerants: HFC-125, HFC-143a, HFO-1234ze(E), HCFO-1233zd(E), HFO-1336mzz(E), HFO-
1336mzz(Z), HFC-245fa, HFC-365mfc, HFO-1234yf, HFC-134a, HFC-227ea, HFC-236fa, should be 
excluded from the scope of restriction or their uses in commercial RHVAC/HVAC applications should 
be subject to time unlimited derogations in line with the provisions of Articles 68 and 69 REACH.  


In line with previous practices this exclusion or derogation should also cover maintenance or repair, 
refitting and reselling activities involving second hand RHVAC systems already placed on the market 
or installed.  


1. Introduction 


Refrigerants in use today for the refrigeration, air conditioning and heat pumps (RHVAC) applications 
include hydrofluorocarbons (HFC) substances and blends such as HFC-410a (R410A), HFC-404a 
(R404A), HFC-407C(R407C) and HFC-134a (R134a). These refrigerants with high Global Warming 
Potential (GWP) have significant impact on the environment from the global climate/warming 
perspective.16 According to Kyoto Protocol, HFC are regulated as strong greenhouse gases (GHG). As 
per the Kigali Amendment to the Montreal Protocol, developed countries should reduce HFC 
consumption to 80% of their baseline by 2045. In EU, the F-gas regulation (EU F-Gas Regulation) aims 
to phase down HFC substances on the basis of their high GWP. In 2020, the United States 
Environmental Protection Agency (EPA), invoked similar legislation to phase down production and 
consumption of HFCs to 15% of the baseline levels by 2036.  


Consequently, the industry opted to evaluate and commercially develop several lower-GWP 
replacements. This resulted in specifically engineered “fourth-generation” of unsaturated organic 
compounds composed of hydrogen, fluorine and carbon - hydrofluorolefins (HFO). Nowadays, pure 
HFO and their blends with HFC17 are the most prominent (ultra-)low-GWP alternatives to high-GWP 
HFC also owing to zero Ozone Depletion Potential (ODP) and favorable thermophysical properties.18  


Hydrocarbons such as propane (R290) are also being evaluated as possible substitutes for HFC. 
However, their applications in RHVAC (particularly in large commercial systems) are limited due to the 
flammability concerns.19 Carbon-dioxide (CO2 or R744) refrigerant liquid is also being intensively 
evaluated; however, it has significantly lower energy efficiency especially in warm to hot climate 
conditions and requires much more advanced technology to meet the current HFC/HFO baseline 
energy efficiency standards.20 Another  potential alternative often labelled as a “natural refrigerant” – is 
ammonia (NH3 or R717) – and it is a byproduct of energy-intensive industrial processing of 
hydrocarbons characterized by very high GHG emissions (fertilizers, etc.). While ammonia may have 
favorable thermodynamics, it is highly toxic for humans/animals and therefore cannot be used in large 
loads closer to public places. There is a substantial number of grave/deadly incidents involving these 
“natural refrigerants” worldwide (see Annexes II and IV below).  


In this respect, the “fourth-generation” refrigerants and refrigerant blends containing HFC/HFO such as 
HFC-125, HFC-143a, HFO-1234ze(E), HCFO-1233zd(E), HFO-1336mzz(E), HFO-1336mzz(Z), HFC-
245fa, HFC-365mfc, HFO-1234yf, HFC-134a, HFC-227ea, HFC-236fa and their blends such as R448A, 
R449A-C, R454A-C, R455A, R450a, R513A, R515A-B, R456A, R471A, R474A, R476A, R479A, 
R482A, are specifically designed to be safer, more energy efficient and environmentally friendly 
solutions for the RHVAC industry. Risks of their uses in closed RHVAC systems cannot be considered 
unacceptable and are already adequately controlled via other risk management measures (RRMs) 
within the meaning of Articles 68-69 of the REACH Regulation (see section 2 below). 


 
16  Overview of low GWP mixtures for the replacement of HFC refrigerants: R134a, R404A and 
R410AÉtude des mélanges à faible PRP pour le remplacement des frigorigénes HFC R134a, R404A et R410A, Y. 
Heredia-Aricapa a, J.M. Belman-Flores a, A. Mota-Babiloni b, J. Serrano-Arellano c, Juan J. García-Pabón, March 
2020. 
17   On existing refrigerants and their blends se the List of refrigerants.  
18  Performance Evaluation Of R471A In Refriger aluation Of R471A In Refrigerated Displa ated Display 
Cabinet y Cabinet And Walk-In-Cooler, Kaimi Gao, Nilesh Purohit, Elizabet Vera Becerra, Ronald Vogl , Ankit 
Sethi, 2022. 
19  Natural and synthetic refrigerants, global warming: A review, Naeem Abas, Ali Raza Kalair, Nasrullah 
Khan, Aun Haider, Zahid Saleem, Muhammad Shoaib Saleem, July 2018. 
20  Integrated supermarket refrigeration for very high ambient temperature, Nilesh Purohit, Vishaldeep 
Sharma, Samer Sawalha, Brian Fricke, Rodrigo Llopis, Mani Sankar Dasgupta, December 2015; Overview of low 
GWP mixtures for the replacement of HFC refrigerants: R134a, R404A and R410AÉtude des mélanges à faible 
PRP pour le remplacement des frigorigénes HFC R134a, R404A et R410A, Y. Heredia-Aricapa a, J.M. Belman-
Flores a, A. Mota-Babiloni b, J. Serrano-Arellano c, Juan J. García-Pabón, March 2020. 



https://unfccc.int/kyoto_protocol

https://treaties.un.org/Pages/ViewDetails.aspx?src=IND&mtdsg_no=XXVII-2-f&chapter=27&clang=_en

https://climate.ec.europa.eu/eu-action/fluorinated-greenhouse-gases/eu-legislation-control-f-gases_en

https://www.sciencedirect.com/science/article/abs/pii/S0140700719304773

https://www.sciencedirect.com/science/article/abs/pii/S0140700719304773

https://en.wikipedia.org/wiki/List_of_refrigerants

https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=3489&context=iracc

https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=3489&context=iracc

https://www.sciencedirect.com/science/article/abs/pii/S1364032118301977

https://www.sciencedirect.com/science/article/abs/pii/S0360544218318619

https://www.sciencedirect.com/science/article/abs/pii/S0140700719304773

https://www.sciencedirect.com/science/article/abs/pii/S0140700719304773

https://www.sciencedirect.com/science/article/abs/pii/S0140700719304773
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Therefore, REACH restrictions on the above HFC/HFO substances envisaged in the Proposal are not 
legally justified and will result in disproportionately high costs (economic, safety, energy and 
environmental) for society. It is particularly evident as far as decarbonization (GHG emissions) and 
energy consumption or efficiency goals of wider-EU policies are concerned, as demonstrated below. 


In this regard, Study 1 in Appendix 1 below holistically compares the scenario of complete replacement 
of installed Commercial Refrigeration stores in European Region to the HFC/HFO based refrigerant 
solution (R455A or R471A)21 or to the “natural refrigerants” solution using industrial fluids like CO2 and 
R290 (propane). Use of ammonia refrigerants in such public places is very risky due to its high toxicity. 
Total GHG emissions in terms of equivalent CO2 emissions (CO2eq) and overall cost of electricity to 
operate the Commercial Refrigeration systems is compared for the above HFC/HFO vs non PFAS 
based solutions.  


Study 2 in Appendix 2 below presents the calculations of equivalent CO2 emissions (CO2eq) and 
electricity consumption costs for current HFC/HFO refrigerants in comparison to non-PFAS solutions 
(i.e., hydrocarbons, CO2 , and ammonia) for Commercial Air conditioning and heat pump sub-sector.  


 


2. Absence of unacceptable risk within the meaning of REACH 


In section 1.1.6 of the Proposal the Dossier Submitters concluded that “all PFAS” (i.e., as a group) 
should “be treated as non-threshold substances for the purposes of risk assessment in a similar manner 
to PBT/vPVB substances” and that any of their releases “can be used as a proxy for risk”. This 
conclusion is manifestly erroneous as far as many HFC/HFO refrigerants and their atmospheric 
degradation product trifluoroacetic acid (TFA) are concerned. It is also too simplistic, in our view, to 
group all PFAS together in this manner. 


2.1. Objective assessments of HFC/HFO and their degradation products  


2.1.1. Unjustified grouping of “all PFAS”  


Grouping of HFC/HFO refrigerants used in RHVAC applications with all other PFAS is not scientifically 
and legally justified. In this regard, the 2021 OECD’s PFAS definition used in the Proposal is not 
conceived for regulatory purposes, which is also acknowledged by the Dossier Submitters. Moreover, 
according to the respective OECD report, it does not give any information on the hazards of substances, 
even regarding their very persistent (vP) properties, or uses, exposure and risks.22 In other words, the 
OECD itself is clear that its definition of PFAS was not intended to be used for regulatory action because 
it is too broad to enable an effective, science-based risk assessment, which would result in regulation 
of these (over 10 000) chemical compounds as an entire group. The UK Health and Safety Executive 
(HSE) 23 service and US Environmental Protection Agency (EPA) 24 share the same opinion.   


 
21  Solstice® L40X - a blend of 75.5% R1234yf (HFO-1234yf), 21.5% R32 (HFC-32), and 3% CO2, with a 


GWP of as low as 146; or Solstice® N71 - a blend of 78.7% R1234ze(E) (HFO-1234ze(E)), 17% R1336mzz(E) 


(HFO-1236mzz(E)) and 4.3% of the fire suppressant HFC-227ea, getting a GWP of 148. 
22  See pages 8 and 25, Reconciling Terminology of the Universe of Per- and Polyfluoroalkyl Substances: 


Recommendations and Practical Guidance, ENV/CBC/MONO(2021)25, OECD, 9 July 2021 (available here): “The 


term “PFASs” is a broad, general, non-specific term, which does not inform whether a compound is harmful or not, 


but only communicates that the compounds under this term share the same trait for having a fully fluorinated methyl 


or methylene carbon moiety.” 
23  See also in section 1.3 of the Analysis of the most appropriate regulatory management options (RMOA), 


The UK HSE, April 2023, “A generic PFAS definition may not be particularly useful from a regulatory perspective, 


and it may be more appropriate to consider regulatory approaches on the basis of particular PFAS groups and/or 


uses.” 
24  The US EPA also uses a narrower working definition of PFAS as “Chemicals with at least two adjacent 


carbon atoms, where one carbon is fully fluorinated and the other is at least partially fluorinated” in their National 


PFAS testing strategy (see in section 3) as well as their PFAS strategic roadmap. EPA’s use of this working 


definition provides focus on PFAS of concern based on their persistence and potential for presence in the 


environment and for human exposure. Regarding degradation products, the EPA Office of Chemical Safety and 


Pollution Prevention have opined that “trifluoracetic acid is a well-studied non-PFAS.” 



https://one.oecd.org/document/ENV/CBC/MONO(2021)25/en/pdf

https://www.honeywell-refrigerants.com/europe/product/solstice-l40x/

https://sustainability.honeywell.com/us/en/initiative/solstice-n71-r471a

https://one.oecd.org/document/ENV/CBC/MONO(2021)25/en/pdf

https://www.hse.gov.uk/reach/rmoa.htm?utm_source=govdelivery&utm_medium=email&utm_campaign=guidance-push&utm_term=rmoa&utm_content=reach-4-apr-23

https://www.epa.gov/system/files/documents/2021-10/pfas-natl-test-strategy.pdf

https://www.epa.gov/system/files/documents/2021-10/pfas-natl-test-strategy.pdf
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The most recent 2022 United Nations Environmental Program Environmental Effects Assessment 
Panel (EEAP) Report (EEAP 2022 Assessment Report)25, unequivocally cited a common agreement 
among experts that “all PFAS should not be grouped together, persistence alone is not sufficient for 
grouping PFAS for the purposes of assessing human health risk, and that the definition of appropriate 
subgroups can only be defined on a case-by-case manner” and that “it is inappropriate to assume equal 
toxicity/potency across the diverse class of PFAS”.26 The Report further concludes that “Trifluoroacetic 
acid has biological properties that differ significantly from the longer chain polyfluoroalkyl substances 
(PFAS) and inclusion of TFA in this larger group of chemicals for regulation would be inconsistent with 
the risk assessment of TFA” 27 


Please refer on the inconsistency of grouping methodologies of the Proposal to relevant sections of 
Honeywell submission reference no: bb6e00b6-571b-467a-ae79-7b046c6c9ab4.   


2.1.2. Hazard and risk assessments of HFC/HFO and TFA 


Contrary to the assertions made by the Dossier Submitters, there are PFAS substances, including many 
fluorinated HFC/HFO gases that are low-hazardous, have low-Global Warming Potential (GWP), are 
not (v-)persistent (not P/vP) and do not degrade to vP substances in meaningful amounts. For instance, 
the REACH registration dossiers and Chemical Safety Reports (CSR) for the fluorinated gases HFC-
125, HFC-143a, HFO-1234ze(E), HCFO-1233zd(E), HFO-1336mzz(E), HFO-1336mzz(Z), HFC-245fa, 
HFC-365mfc, HFO-1234yf, HFC-134a, HFC-227ea, HFC-236fa, contain conclusive scientific evidence 
demonstrating that these substances have properly quantified DNEL/PNELs, are not persistent and do 
not exhibit risks similar to PBT/vPvB substances under Article 57(f) and Annex XIII REACH. Their 
REACH registration dossiers also do not demonstrate an existence of “supporting concerns” or hazards 
assessed in section 1.1.4. of the Proposal, including bioaccumulation, accumulation in plants, endocrine 
or (eco)toxicological effects, etc. 


Therefore, the conclusions of the Dossier Submitters in section 1.1.6 of the Proposal, that all HFC/HFO 
must be treated as “non-threshold substances” with the overall concern “very similar to those of the 
PBT/vPvB substances” and with any release as “a proxy for risks” are not legitimate and not 
substantiated in the Proposal. 28 


In the meantime, according to the REACH registration dossier and CSR for trifluoroacetic acid (TFA)29, 
this substance has also scientifically established DNEL/PNEC thresholds for relevant compartments, 
does not fulfil criteria for a PBT or vPvB substance under Annex XIII REACH. Neither does it raise 
equivalent levels of concern under Article 57(f) REACH.30 In this respect, ECHA already 
reviewed/evaluated the TFA dossier without concluding that further regulatory actions were needed.31  


Indeed, there is robust scientific evidence that only a few mainstream fluorinated gases ultimately 
degrade to TFA in over 30% molar yields rates (e.g., HFO-1234yf, HFC-227ea, HFC-134a).32 Many 
other HFC/HFO (HFC-125, HFC-143a, HFO-1234ze(E), HCFO-1233zd(E), HFC-245fa, HFC-365mfc, 
etc.)33 have small estimated TFA atmospheric conversion yields and are a “minor source of TFA” 34  
resulting in de minimis increase in TFA concentrations. According to the conclusions of Chapter 6, 
section 3.8 of the EEAP 2022 Assessment Report, respective “releases will add to the existing load of 


 
25  Environmental Effects of Stratospheric Ozone Depletion, UV Radiation, and Interactions with Climate 


Change, 2022 Assessment Report, Environmental Effects Assessment Panel (EEAP), available at - 


http://ozone.unep.org/science/eeap 
26  Grouping of PFAS for human health risk assessment: Findings from an independent panel of experts, J.K. 


Anderson, et al., 2022 
27  See pages 278 and 279 of the UNEP EEAP 2022 Assessment Report.  
28  See analysis and conclusions of section 1.1.6 (Risk characterisation) of the Proposal. 
29  Trifluoroacetic acid, EC no: 200-929-3, CAS no: 76-05-1, Molecular formula: C2HF3O2 
30  See e.g., Mammalian toxicity of trifluoroacetate and assessment of human health risks due to 


environmental exposure, Dekant et al, 17 February 2023.  
31  E.g., in 2017-2021, ECHA concluded comprehensive dossier evaluation of Trifluoroacetic acid, without 


indications of the need for further actions. 
32  See detailed EFCTC position paper on the topic Published evidence supports very low yield of TFA from 


most HFOs and HCFOs ; see also detailed discussion in Chapter 6, section 3.2 of the EEAP 2022 Assessment 


Report. 
33  TFA yields rates (molar), see section 3.8, Fig. 12 and pages 314-319 of the Environmental Effects of 


Stratospheric Ozone Depletion, UV Radiation, and Interactions with Climate Change, EEAP 2022 Assessment 


Report. 
34  E.g., Chapter 6, Fig. 11 of  the EEAP 2022 Assessment Report. 



https://ozone.unep.org/system/files/documents/EEAP-2022-Assessment-Report-May2023.pdf

https://echa.europa.eu/registration-dossier/-/registered-dossier/5203/1/1

https://ozone.unep.org/system/files/documents/EEAP-2022-Assessment-Report-May2023.pdf

https://ozone.unep.org/system/files/documents/EEAP-2022-Assessment-Report-May2023.pdf

https://ozone.unep.org/system/files/documents/EEAP-2022-Assessment-Report-May2023.pdf

http://ozone.unep.org/science/eeap

https://www.sciencedirect.com/science/article/pii/S0273230022001131?via%3Dihub

https://ozone.unep.org/system/files/documents/EEAP-2022-Assessment-Report-May2023.pdf

https://echa.europa.eu/registration-dossier/-/registered-dossier/5203/1/1

https://link.springer.com/article/10.1007/s00204-023-03454-y

https://link.springer.com/article/10.1007/s00204-023-03454-y

https://echa.europa.eu/information-on-chemicals/dossier-evaluation-status/-/dislist/details/0b0236e1812f4e1c

https://www.fluorocarbons.org/wp-content/uploads/2021/08/2021_08_EFCTC_Position-Paper_Published-evidence-supports-very-low-yields-of-TFA-from-most-HFOs-and-HCFOs_F.pdf

https://www.fluorocarbons.org/wp-content/uploads/2021/08/2021_08_EFCTC_Position-Paper_Published-evidence-supports-very-low-yields-of-TFA-from-most-HFOs-and-HCFOs_F.pdf

https://ozone.unep.org/system/files/documents/EEAP-2022-Assessment-Report-May2023.pdf

https://ozone.unep.org/system/files/documents/EEAP-2022-Assessment-Report-May2023.pdf

https://ozone.unep.org/system/files/documents/EEAP-2022-Assessment-Report-May2023.pdf

https://ozone.unep.org/system/files/documents/EEAP-2022-Assessment-Report-May2023.pdf

https://ozone.unep.org/system/files/documents/EEAP-2022-Assessment-Report-May2023.pdf
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TFA in the environment but predicted amounts are well below the threshold for concern with respect to 
human and environmental health.” Therefore, TFA could not be considered as a non-threshold 
substance with any release as a proxy for risks. The related risks cannot be considered as unacceptable 
under Article 68 REACH and are incomparable with effects of restrictions (bans) envisaged in the 
Proposal for all fluorinated gases. The HFC/HFO in question do not degrade to other PFAS either and 
thus should be excluded from the scope of the Proposal. 


For detailed information and objective assessments of TFA, please refer to the previous Honeywell 
submission no: 76bb3d12-2101-4390-82cf-3498b47e8015. 


2.2. Existing adequate RMMs 


Full-life cycle emissions of fluorinated gases as refrigerants in RHVAC applications are already 
effectively and adequately controlled by other RMMs under relevant EU legislation, including the EU F-
Gas Regulation35, tight industry standards36 as well as national and EU waste laws.37 These measures 
mandate inter alia effective quantitative limitations on placing on the market (e.g., HFC (F-gas) phased 
down volume quotas and equipment bans), containment measures including leak controls and 
reporting, servicing certification of HFC/HFO in RHVAC/MAC, product (eco-)design and safety 
standards (e.g., ISO 5149-1:2014, EN 378), disposal and end-of-life requirements (e.g., recuperation 
and re-use). These regulations could be strengthened at any time, if warranted.  


In this respect, HFC/HFO fluorinated gases (F-Gases) as refrigerants are fully contained and function 
in RHVAC closed loop systems. Their emissions are subject to rigorous obligatory containment RRMs 
(on leaks controls, end-of-life collection, and disposal, etc.), under the EU F-Gas legislation. According 
to the very first words of Article 1 of the F-Gas Regulation, its key objective is the same as that aimed 
by the Proposal - reduction of emissions, i.e.: “The objective of this Regulation is to protect the 
environment by reducing emissions of fluorinated greenhouse gases”. According to the European 
Commission, F-Gas legislation is an example of “European success story”.38 Therefore, uses of 
HFC/HFO substances are already adequately controlled from the perspective of the main goal of the 
REACH restriction Proposal. Grouping these substances with other potentially hazardous and less 
controlled PFAS within one universal REACH restriction process is disproportionate, flawed and legally 
unjustified. 


In addition, TFA related risks due to emissions of fluorinated HFC/HFO gases are adequately controlled 
also within the meaning of section 6.4 of Annex I of the REACH (as demonstrated in CSR). The current 
and projected concentrations of TFA are many folds lower than the established DNEL/PNEC and MoEs 
thresholds for relevant compartments, the adopted daily intake LWTW values or drinking water 
standards.39 Thus, human exposure to TFA from HFC/HFOs atmospheric degradation is also negligible, 
while upstream environmental emissions of these F-Gases are already subject to effective EU emission 
and risk control measures (see above). Therefore, the conclusions in section 1.1.6 of the Proposal that 
all PFAS exhibit risks very similar to PBT/vPvB and that any PFAS emissions should be considered as 
a proxy for unacceptable risks that are not adequately controlled, are erroneous, as far as HFC/HFO 
refrigerants are concerned.  


 


3. Hazards and safety concerns of proposed alternatives 


Erroneously labelled alternative “natural refrigerants” such as ammonia (R-717), hydrocarbons (R-290 
or propane) and CO2 (R-744) are industrial manufactured, synthetic chemical substances (by-products 
of fossil fuels processing) with important hazard and exposure characteristics including toxicity, 
anesthetic/asphyxiant effects and/or high flammability, which considerably limit their practical 
applications, e.g., as RHVAC refrigerants in buildings and in public spaces. For many applications so-


 
35  Regulation (EU) No 517/2014 of the European Parliament and of the Council of 16 April 2014 on 


fluorinated greenhouse gases and repealing Regulation (EC) No 842/2006 (as amended and currently under 


review, available here). 
36  For instance, ISO 5149-1:2014 specifies the requirements for the safety of persons and property, provides 


guidance for the protection of the environment, and establishes procedures for the operation, maintenance, and 


repair of refrigerating systems and the recovery of refrigerants. 
37  Directive 94/62/EC on packaging and packaging waste; Directive 2008/98/EC on waste (Waste 


Framework Directive). 
38  EU crackdown on climate-wrecking F-gases hits heat pump snag, Politico, 9 November 2022. 
39  See in detail Mammalian toxicity of trifluoroacetate and assessment of human health risks due to 


environmental exposure, Dekant et al., 17 February 2023. 



https://climate.ec.europa.eu/eu-action/fluorinated-greenhouse-gases/eu-legislation-control-f-gases_en

https://climate.ec.europa.eu/eu-action/fluorinated-greenhouse-gases/eu-legislation-control-f-gases_en

https://www.iso.org/standard/54979.html

https://www.area-eur.be/publications/introduction-refrigeration-standard-en-378

https://climate.ec.europa.eu/eu-action/fluorinated-greenhouse-gases/eu-legislation-control-f-gases_en

https://www.iso.org/standard/54979.html#:~:text=ISO%205149%2D1%3A2014%20specifies,and%20the%20recovery%20of%20refrigerants.

https://www.euractiv.com/section/energy-environment/news/eu-crackdown-on-climate-wrecking-f-gases-hits-heat-pump-snag/

https://pubmed.ncbi.nlm.nih.gov/36800005/

https://pubmed.ncbi.nlm.nih.gov/36800005/
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called natural refrigerants could be considered as genuine “regrettable substitutions” leading to grave 
incidents as well as other safety and environmental concerns (see Annexes II, III and IV).40 


In this respect, the number of fatalities reported for HFC/HFO is orders of magnitude lower than for e.g., 
ammonia systems, even though there are by far more fluorocarbons systems in use.41  


3.1. Ammonia 


Anhydrous ammonia (NH3, EC no.: 231-635-3; CAS no.: 7664-41-7) used as a refrigerant consists of 
at least 99.5% pure ammonia. The latter is produced in massive quantities due to the fertilizer industry 
(mainly via Haber-Bosch process, with low efficiency and recycling of unconverted gases).42 According 
to the REACH registration dossier for ammonia, it is mildly flammable (ASHRE – 2L), very toxic (Toxic 
if inhaled (cat. Acute Tox. 3), Severe skin burns and eye damage (cat. Skin Corr. 1B), Very toxic to 
aquatic life (cat. Acute 1) with long lasting effects (cat. Aquatic Chronic 2)) substance. 


Ammonia CLP hazard classification & labelling: 


    


Industrial ammonia production emits more CO2 than any other chemical-making reaction43. Therefore, 
its production in the EU is covered by carbon emissions reductions policies under the EU ETS and its 
import will be subject to the EU Carbon Border Adjustment Measures (CBAM). In the atmosphere, 
ammonia can bind to other gases to form ammonium, which has particularly negative impacts on 
cardiovascular and respiratory health systems.44 Ammonia can have a direct toxic effect on vegetation 
and can lead to changes in species composition (biodiversity) due to nitrogen deposits.45 It is also a 
strong aquatic pollutant.46 End of life handling of ammonia refrigerants is technically complex, costly, 
and presents risk for health and the environment. Disposing of contaminated ammonia requires 
incineration or an aqueous treatment due to its dangerous chemical properties. These processes create 
hazardous waste.47   


Due to the high toxicity (lethal in certain doses) and flammability (also combustible) of anhydrous 
ammonia, RHVAC installations using this chemical are governed by strict national regulations. Service 
personnel on site must have appropriate training/accreditation to handle ammonia to ensure safe 
operation of the system. Many SMEs currently in RHVAC servicing business would not qualify. 
Ammonia is also aggressive to other materials such as copper, zinc and many other. Hence, the 
maintenance costs of such systems are very high due to the price of spare parts and the need for 
regular (every 3 months) deep cleaning of the systems. In practice, ammonia used close to public areas 
and in big charges (e.g., commercial indoor chillers, RHVAC systems or heat pumps in public buildings) 
could lead to high health and safety risks.48 Regardless of strict safety measures in place, numerous 


 
40  See on detailed comparisons of ammonia, CO2, propane (R290) and HFC/HFO refrigerants in Safety first 
when choosing a refrigerant! EFCTC Factsheet on published refrigerant-related accidents. 
41  Working Fluid Safety. Annex 20, Report No. HPP-AN20-1, Berghmans, J. (1994), IEA Heat Pump  
Programme, ISBN 90-73741-10-6, IAE Heat Pump Centre, Sittard, The Netherlands.  
42  The Future of Ammonia: Improvement of Haber-Bosch … or Electrochemical Synthesis?, also Current 
and future role of Haber–Bosch ammonia in a carbon-free energy landscape, Collin Smith, Alfred K. Hill and 
Laura Torrente-Murciano, Department of Chemical Engineering, University of Bath, BA2 7AZ, Bath, UK., 2019. 
43  Industrial ammonia production emits more CO2 than any other chemical-making reaction. Chemists 
want to change that. 
44   Impact of ammonia emissions from agriculture on biodiversity. 
45  Ibid., also Ammonia - is it causing your algae problems? 
46  Ecological and toxicological effects of inorganic nitrogen pollution in aquatic ecosystems: a global 
assessment, Camargo J, Alonso A (2006), Environment International 32:831-849; Constable M, Charlton M, 
Jensen F, McDonald K, Craig G, Taylor K (2003) An ecological risk assessment of ammonia in the aquatic 
environment. Human and Ecological Risk Assessment 9(2):527-548; and many others. 
47  Environmental Health Criteria 54: Ammonia. ,IPCS (International Programme on Chemical Safety) 
(1986), United National Environment Programme, International Labour Organisation, World Health 
Organization. 
48  See in detail A Review of Safety Issues and Risk Assessment of Industrial Ammonia Refrigeration 
System, Dheyaa Ashour Khudhur, Tuan Amran Tuan Abdullah, and Norafneeza Norazahar, ACS Chemical 
Health & Safety 2022 29 (5), 394-404 DOI: 10.1021/acs.chas.2c00041 



https://echa.europa.eu/substance-information/-/substanceinfo/100.028.760

https://echa.europa.eu/registration-dossier/-/registered-dossier/15557/2/1

https://echa.europa.eu/substance-information/-/substanceinfo/100.028.760#:~:text=Ammonia%2C%20anhydrous&text=Additionally%2C%20the%20classification%20provided%20by,and%20may%20cause%20respiratory%20irritation.

https://www.europarl.europa.eu/news/en/headlines/society/20180305STO99003/reducing-carbon-emissions-eu-targets-and-policies?&at_campaign=20234-Green&at_medium=Google_Ads&at_platform=Search&at_creation=RSA&at_goal=TR_G&at_audience=eu%20emissions%20trading%20system&at_topic=Carbon_Emission&at_location=BE&gclid=CjwKCAjwsvujBhAXEiwA_UXnAHbbB_OlN-M8LPC8eIJAG76cZ7AHc6BypQxjMY37Sjep3qvsohZTwRoC4NwQAvD_BwE

https://taxation-customs.ec.europa.eu/carbon-border-adjustment-mechanism_en#:~:text=The%20EU%27s%20Carbon%20Border%20Adjustment,production%20in%20non%2DEU%20countries.

https://www.fluorocarbons.org/wp-content/uploads/2013/12/fs-on-refrigerant-accidents-final_03.03.14.pdf.pdf

https://www.fluorocarbons.org/wp-content/uploads/2013/12/fs-on-refrigerant-accidents-final_03.03.14.pdf.pdf

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwihtv6ByK7_AhUWG-wKHcMMCUYQFnoECAkQAQ&url=https%3A%2F%2Fetkhpcorderapi.extweb.sp.se%2Fapi%2Ffile%2F342&usg=AOvVaw2s_EhlyQhb76KHDf8mRYpV

https://www.ammoniaenergy.org/articles/the-future-of-ammonia-improvement-of-haber-bosch-or-electrochemical-synthesis/

https://pubs.rsc.org/en/content/articlehtml/2020/ee/c9ee02873k#:~:text=Indeed%20even%20an%20ideal%20system,overstated%20to%20include%20these%20losses.

https://pubs.rsc.org/en/content/articlehtml/2020/ee/c9ee02873k#:~:text=Indeed%20even%20an%20ideal%20system,overstated%20to%20include%20these%20losses.

https://cen.acs.org/environment/green-chemistry/Industrial-ammonia-production-emits-CO2/97/i24

https://cen.acs.org/environment/green-chemistry/Industrial-ammonia-production-emits-CO2/97/i24

https://www.rand.org/randeurope/research/projects/impact-of-ammonia-emissions-on-biodiversity.html#:~:text=In%20the%20atmosphere%20ammonia%20can,composition%20because%20of%20nitrogen%20deposits.

https://www.reef2reef.com/ams/ammonia-is-it-causing-your-algae-problems.602/#:~:text=Algae%20doesn%27t%20even%20really,to%20consume%20ammonia%20than%20nitrogen.

https://www.sciencedirect.com/science/article/abs/pii/S0160412006000602

https://www.sciencedirect.com/science/article/abs/pii/S0160412006000602

https://apps.who.int/iris/bitstream/handle/10665/39087/9241541946-eng.pdf

https://pubs.acs.org/doi/10.1021/acs.chas.2c00041

https://pubs.acs.org/doi/10.1021/acs.chas.2c00041





 


9 
 


incidents with ammonia refrigeration systems are reported worldwide and provided selectively in Annex 
II. Some of these incidents have led to fatalities.49  


In addition, anthropogenic atmospheric emissions of ammonia in the EU are subject to national member 
states emissions reduction commitments under Directive (EU) 2016/228450 which aims to reduce 
emissions of certain strong atmospheric pollutants, including ammonia.51   


 


3.2. Hydrocarbon refrigerants  


Hydrocarbon refrigerants (Propane (R-290), Isobutene (R-600a), Propylene/propene, etc.) are by-
products from the petrochemical industry and are highly/extremely flammable and explosive gases (cat. 
Flam. Gas 1A).  


Propane CLP Hazard classification & labelling: 


  


Some recent workplace fire incidents concerning flammable refrigerant gases have directly contributed 
to injuries, deaths and damage to property (buildings fires, explosions - see selected examples in 
Annex III below). Combustion products of some hydrocarbon refrigerants and mixtures are toxic. 
Gaseous hydrocarbons other than methane are heavier than air and will displace air in lungs resulting 
in asphyxiation.52 They are also strong atmospheric photochemical ozone precursors that can cause 
air quality concerns (volatile organic compounds (VOC) and photochemical ozone creation potential 
(POCP) concerns).53 These characteristics make these hydrocarbons unsuitable for larger RHVAC and 
insulation foams (building) applications as well as for the automotive and transportation sector due to 
strong safety concerns.   


All devices that use hydrocarbons as a refrigerant must be approved by national competent authorities 
before they are sold, installed or used and only holders of a gas work license can do work on the gas 
system of hydrocarbons refrigeration appliances.54 Proper leaks and concentrations control/alarm 
systems must be in place too. This significantly increases the total cost of ownership of these systems.   


3.3. Carbon dioxide (CO2) 


Major CO2 (R744) refrigerant shortcomings are:  


- Pressure - Very high operational pressures (10 times that of current refrigerants) that require 
complete redesign and retooling of all major RHVAC components. Leaks quickly result in the 
air emission of the whole refrigerant charge, leading to non-functionality of the overall system 
and respective products losses (food, medicines, blood, etc.). 


- Acute Toxicity Exposure Level (ATEL) – Even smallest CO2 leaks can result in large leak 
volume due to high pressure causing safety concerns due to its low ATEL 30,000 ppm (54 
g/m3)55.  


 
49  Can be a precursor for explosive materials and is listed in the potential risks for terrorist attacks.  
50  Directive (EU) 2016/2284 of the European Parliament and of the Council of 14 December 2016 on the 
reduction of national emissions of certain atmospheric pollutants, amending Directive 2003/35/EC and repealing 
Directive 2001/81/EC. 
51   Also subject to control under The 1999 Gothenburg Protocol to Abate Acidification, Eutrophication and 
Ground-level Ozone (Gothenburg Protocol) 
52 
https://chem.libretexts.org/Courses/University_of_Arkansas_Cossatot/UAC%3A_Chem_1014/Chapters/8%3A_
Organic_Chemistry_of_Hydrocarbons/8.13%3A_Physical_Properties_of_Hydrocarbons  
53  Subject to control under  The 1991 Geneva Protocol concerning the Control of Emissions of Volatile 
Organic Compounds or their Transboundary Fluxes and The 1999 Gothenburg Protocol to Abate Acidification, 
Eutrophication and Ground-level Ozone (Gothenburg Protocol) , see also EFCTC summary page VOCs And 
POCPs. 
 
54  See e.g. Q&A What do service engineers need to know about flammable refrigerant rules?, IEC 60335-
2-89 flammable refrigerant limit change.  
55  See in Gas detection in refrigeration systems. 



https://eur-lex.europa.eu/eli/dir/2016/2284/oj

https://echa.europa.eu/substance-information/-/substanceinfo/100.000.753

https://echa.europa.eu/substance-information/-/substanceinfo/100.003.697

https://echa.europa.eu/registration-dossier/-/registered-dossier/16184/2/1

https://echa.europa.eu/substance-information/-/substanceinfo/100.000.753

https://www.health.ny.gov/environmental/emergency/chemical_terrorism/docs/ammonia_general.pdf

https://eur-lex.europa.eu/eli/dir/2016/2284/oj

https://eur-lex.europa.eu/eli/dir/2016/2284/oj

https://eur-lex.europa.eu/eli/dir/2016/2284/oj

https://unece.org/environment-policy/air/protocol-abate-acidification-eutrophication-and-ground-level-ozone

https://unece.org/environment-policy/air/protocol-abate-acidification-eutrophication-and-ground-level-ozone

https://unece.org/environment-policy/air/protocol-concerning-control-emissions-volatile-organic-compounds

https://unece.org/environment-policy/air/protocol-concerning-control-emissions-volatile-organic-compounds

https://unece.org/environment-policy/air/protocol-abate-acidification-eutrophication-and-ground-level-ozone

https://unece.org/environment-policy/air/protocol-abate-acidification-eutrophication-and-ground-level-ozone

https://www.fluorocarbons.org/environment/environmental-impact/vocs-and-pocps/

https://www.fluorocarbons.org/environment/environmental-impact/vocs-and-pocps/

https://www.danfoss.com/en/about-danfoss/our-businesses/cooling/refrigerants-and-energy-efficiency/refrigerant-faq-iec/

https://www.danfoss.com/en/about-danfoss/our-businesses/cooling/refrigerants-and-energy-efficiency/refrigerant-faq-iec/

https://formacion-industrial.com/wp-content/uploads/jet-form-builder/9c52b2505634e315f70928c16758293d/2022/09/DOC272556010551.pdf
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- Ecotoxicity - CO2 leakage in water harmful for marine life.56  


- Safety - The servicing of CO2 refrigeration equipment with these high pressures increases the 
likelihood of accidents (systems blowouts), particularly for transport refrigeration/AC in road 
incidents (shrapnel and fragmentation of components, freeze burns (due to low boiling point), 
etc.). High coefficient of liquid expansion can cause pipe ruptures (HFO liquid expansion rate 
of 15% vs 42% for CO2). In addition, CO2 is harmful when exposed to it for several hours at 
low concentrations (1-3%). At concentrations above 10% it may cause fatalities due to the lack 
of oxygen uptake potentially leading to suffocation and asphyxia.57 Also refer to Annex IV listing 
certain selected incidents due to CO2 refrigerants.  


- Reliability - Retaining CO2 in the refrigerant system is a challenge given the small molecule size 
and higher pressures needed. More frequent refrigerant servicing is likely required and can 
reduce overall efficiency when low charge conditions exist (particularly important for small 
commercial chillers, etc.). 


- Performance in hot weather - CO2 as a refrigerant in RHVAC systems loses efficiency in hot 
weather conditions. This considerably increases energy/electricity consumption, estimated to 
be two and half times higher in hot climates as opposed to more temperate conditions.58 Given 
increasing climate temperatures due to global warming, this will become even more problematic 
for RHVAC applications in all sectors (industrial, commercial (especially in small/mid-size 
chillers/refrigerators and SMEs), public, private uses) in the near future. 


- Energy efficiency and GHG emissions – The SAE International study demonstrated that due to 
higher energy needs, CO2 HVAC systems resulted in a 10-15% increase in total CO2 equivalent 
GHG (indirect) emissions when evaluated across population biased weather patterns for 
Europe and North America.59  See also in detail in section 4 and Appendices 1-2 below. 


- Vibration and noise - Elevated vibration and noise characteristics of CO2 high pressures 
coupled with reduced dampening of normal rubber based refrigerant hoses may have a 
significant effect on customer satisfaction.  


- Costs - Higher costs for both manufacturers and consumers will have a societal impact, based 
on both economies of scale and premium materials or structural requirements to maintain the 
higher pressures.  


CO2 refrigerants are by products of other industrial processing of fossil fuels (e.g., natural gas and coke) 
resulting in other environmentally harmful by-products such as Nox, NH3, HCN, HCl, methane leaks, 
and slags, etc. which are very difficult and expensive for safe disposal.  


Some other aspects to consider while evaluating options available for different applications is the initial 
capital expenditure and the maintenance costs. For supermarkets, the Proposal refers to CO2 as an 
alternative, which is thermodynamically less efficient than HFC/HFO based solutions. To improve the 
efficiency of CO2 systems cycle enhancements such as flash gas bypass, parallel compression, 
adiabatic condensers and ejectors are often used for CO2 systems. These enhancements increase the 
complexity of the system resulting in higher initial cost as well as the maintenance cost of CO2 systems 
compared to HFC/HFO based solutions. Further, since CO2 refrigeration systems operate at extremely 
high pressures technicians need to be trained specifically for handling CO2. The design of CO2 systems 
also needs to consider effects of unplanned events such as power failures which can lead to rise in 
system pressure beyond the system design pressure rating which could potentially lead to loss of entire 
CO2 refrigerant charge leading to refrigerated product loss. Due to these additional system complexities 
and the requirement to employ specially trained technicians the maintenance cost of CO2 systems is 
higher than HFC/HFO based systems. Therefore, continued use of HFC/HFO’s should be allowed to 
ensure end users have the flexibility of using the appropriate system architecture and refrigerant based 
on their needs and are not adversely impacted by the higher capital expenditure and higher 
maintenance cost of CO2 systems. The costs of these systems, in terms of increased energy cost and 
hiring extra staff are passed on to the consumer. The increased CO2 emissions also mean it is hard to 
meet the goals of the EU’s green deal. 


 
56  See on Ocean acidification, and Lethal effects on different marine organisms, associated with sediment–
seawater acidification deriving from CO2 leakage 
57  Safety first when choosing a refrigerant! EFCTC Factsheet on published refrigerant-related accidents. 
58  https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=2881&context=iracc-Figure 8 
59  SAE International CRP1234, Industry Evaluation of low global warming potential refrigerant 
HFO1234yf, 12/9/2008 - https://www.sae.org/standardsdev/tsb/cooperative/crp1234summary.pdf  



https://ocean.si.edu/ocean-life/invertebrates/ocean-acidification#:~:text=When%20carbon%20dioxide%20dissolves%20in,can%20have%20a%20major%20impact.

https://www.academia.edu/12564026/Lethal_effects_on_different_marine_organisms_associated_with_sediment_seawater_acidification_deriving_from_CO2_leakage

https://www.academia.edu/12564026/Lethal_effects_on_different_marine_organisms_associated_with_sediment_seawater_acidification_deriving_from_CO2_leakage

https://www.fluorocarbons.org/wp-content/uploads/2013/12/fs-on-refrigerant-accidents-final_03.03.14.pdf.pdf

https://docs.lib.purdue.edu/cgi/viewcontent.cgi?article=2881&context=iracc-Figure

https://www.sae.org/standardsdev/tsb/cooperative/crp1234summary.pdf
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In addition, uses of CO2 refrigerants in RHAC applications are not more environmentally friendly when 
compared with HFC/HFO in terms of all GHG emissions due to higher electricity needs (i.e., “indirect 
emissions”). As generalized in a table below60 and scrutinized in detail in section 4 and Studies 1-2 
below, HFO-1234ze(E) systems emit 30% less CO2 then R774 systems during their lifetime. 


 


Fluid 
Annual electricity 
consumption by 


the system 


CO
2
eq – indirect  


due to electricity 
generation to drive 


the system 


CO
2
e – direct  


due to the leaks 
CO


2
e -total 


[-] [kWh] [tons of CO
2
] [tons of CO


2
] [ton of CO


2
] 


R-1234 ze 21 662 9.31 0.016 9.32 


CO
2
 28 477 12.25 0.002 12.25 


The above problems make CO2 technically concerning and economically undesirable to implement in 
many RHVAC systems at the required scale and level of safety. The overall effect of using CO2 as a 
substitute for HFC/HFO would be negative for consumers, the economy, GHG emission reduction 
targets and aims of the European Green Deal, Fit for 55 and REPowerEU plans (see section 4 below). 
It is noteworthy that it is technically and/or economically impossible to transform many existing RHVAC 
systems for use of alternative refrigerants. Existing systems and those that are already designed will 
require stable supply of HFC/HFO refrigerants until the end of their lifecycle which is 10-15 years for 
small/medium, and over 30 years for large installations such data centres, district heating, etc. 


 


4. Studies on HFC/HFO alternatives in Commercial Refrigeration and AC and heat pumps sub-
uses  


Table 1 below provides an overview of systems that are installed in EU grouped by application. The two 
applications (sub-uses) considered for the corresponding studies are: Study 1 - Commercial 
Refrigeration and Study 2 - Commercial Air-conditioning (AC) and heat pumps.  


Detailed explanations and calculations are provided in the respective robust study summaries in 
Appendixes 1 and 2 below. 


The Proposal outlines several NIK (not-in-kind) replacement options for current HFO/HFC products in 
the above applications (sub-uses).61 These alternative substances (so-called - “natural refrigerants”), 
include CO2 (R-744), ammonia (R-717) and certain hydrocarbons (e.g., propane (R-290)). The 
HFC/HFO solutions (pure R1234ze(E) (HFO-1234ze(E)), and blends R455A, R471A)62 and NIK 
solutions addressed in the studies are also listed in Table 1. 


Table 1 – Overview of systems installed in EU 


Application End use Technology 
Capacity 


range 
HFC/HFO 
solutions 


NIK 


Commercial 
Refrigeration 


Convenience 
Store 


DX system 


5 – 20 kW R455A R290 
Distributed 


water-cooled 


DX system 20 – 80 kW R455A R290 


 
60  Assumptions used: Medium temperature refrigeration system; Evaporating temperature -10°C, 
condensing temperature variable through the year, assumed climate conditions like Hamburg (Germany); Cooling 
capacity 10 kW, charge of the system 15 kg, annual leak rate 15%; COP is for the typical piston reciprocating 
compressor used in refrigeration sector, energy efficiency class of the heat exchangers with fans “C”; Carbon 
intensity for energy production is 430g CO2 / kWh. 
61  See Table 2 and Table 8 (pages 92-94), Annex E (sections E.2.8.2.2 and pages 248-249) and Annex A 


(section A.3.9.1.1). 
62  R455A (Solstice® L40X) a blend of 75.5% R1234yf (HFO-1234yf), 21.5% R32 (HFC-32), and 3% CO2, 
with a GWP of as low as 146; and R471A (Solstice® N71) a blend of 78.7% R1234ze(E) (HFO-1234ze(E)), 17% 
R1336mzz(E) (HFO-1236mzz(E)) and 4.3% of the fire suppressant HFC-227ea, getting a GWP of 148. 



https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en

https://www.consilium.europa.eu/en/policies/green-deal/fit-for-55-the-eu-plan-for-a-green-transition/

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/repowereu-affordable-secure-and-sustainable-energy-europe_en

https://echa.europa.eu/registration-dossier/-/registered-dossier/31292

https://www.honeywell-refrigerants.com/europe/product/solstice-l40x/

https://sustainability.honeywell.com/us/en/initiative/solstice-n71-r471a
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Small 
Supermarket 


Distributed 
water-cooled 


Supermarket 


 


Transcritical 
booster 


80 – 300 kW 
R471A 


R744 


DX Cascade R455A 


Hypermarket 


Transcritical 
booster 


300 – 600 kW 
R471A 


R744 


DX Cascade R455A 


Remote CDUs 
(not included in 
this evaluation) 


    


Commercial Air 
conditioning and 
Heat Pump 


Light 
Commercial 


Rooftop 


20 – 50 kW 


R1234ze(E) 


R290 
VRF 


Split systems 
R455A 


Monoblock 


Chillers 


Small 20 – 100 kW R1234ze(E) R290 


Medium 100 – 500 kW R1234ze(E) R290 


Large > 500 kW R1234ze(E) R717 


District 
cooling/heating 
(not included in 
this evaluation) 


    


Residential (not 
included in this 


evaluation) 
    


Accordingly, Study 1 proves that converting all supermarkets in the EU to propane (R290) and other 
so-called natural refrigerants fluids (i.e., CO2, R744) would annually add 5.7 TWhr/yr demand on the 
electricity grid, which would result in adding an additional 2.4 MTonne/yr of CO2eq of GHG emissions 
and additional electricity cost per year of 0.8-3B€/yr (billions of euro). 


Widespread use of ammonia (R717) in the Commercial Refrigeration sector is not possible due to safety 
concerns as a result of its higher toxicity.63  


The Study 2 demonstrates that converting to natural refrigerants (i.e., propane (R290) and ammonia 
(R717)) would annually add 6.9 TWhr/yr demand on the electricity grid, which would result in additional 
2.7 MTonne/yr of CO2eq of GHG emsiosns and additional electricity cost of 1-3.4 B€/yr. 


Use of CO2 systems in those applications is very technically challenging due to its low critical 
temperature, it suffers efficiency losses when applied to typical rating conditions for ACs64 


In this regard, the continued use of HFC/HFOs in supermarkets, light commercial and chillers 
applications would avoid approximately 12.5 TWhr/year of additional energy demand per year. These 
applications still only represent ~55% of Air-conditioning and heat pumps and Commercial Refrigeration 
sub-uses. Hence the actual energy avoidance by the continues use of HFC/HFOs in RHVAC 
applications would be much larger providing substantial contribute to the EU green energy transition 
plans.  


 
63   https://ozone.unep.org/system/files/documents/RTOC-assessment%20-report-2022.pdf page 108 
64  https://ozone.unep.org/system/files/documents/RTOC-assessment%20-report-2022.pdf page 148 



https://ozone.unep.org/system/files/documents/RTOC-assessment%20-report-2022.pdf

https://ozone.unep.org/system/files/documents/RTOC-assessment%20-report-2022.pdf
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It is evident that the above consequences of the Proposal to restrict PFAS and subsequently banning 
HFC/HFO for the RHVAC sector would drastically impact the EU’s decarbonization goals which aim to 
cut GHG emissions by at least 55% by 2030 and REPowerEU plans. Respective cost on the society 
and environment will be too high and disproportionate in comparison with the alleged concerns due to 
persistency of TFA. 


 


5. Future technologies for HFC/HFO and alternative refrigerants  


The studies in Appendixes 1 and 2 below considered the current technologies used with HFC/HFO 
refrigerants, which haven’t been studied for as long as the not-in-kind (NIK) solutions, such as R290, 
CO2 and R717. These estimates are still conservative as the potential improvements from new 
technologies over the next 20 years have not been considered. Although R290 has inherently better 
thermophysical properties than some of the HFC/HFO refrigerants it does not benefit significantly from 
most cycle improvements. Most of the focus on R290 systems must be on charge reduction due to its 
higher flammability, thus performance is not prioritized. CO2, on the other hand, has been thoroughly 
investigated in the past decades and even considering its state-of-the-art systems the performance still 
can’t overcome the drawbacks in this refrigerant for some applications. Although as R717 has been 
known as one of the best refrigerants in terms of its thermophysical properties, it’s highly toxic and it 
doesn’t benefit from most of the technological advancements in cycle architecture or RHVAC 
component design. 


For a more realistic projection of next-generation system performance a few essential technologies 
must be considered to envision the future efficiency of the sector: 


- Compressors: centrifugal oil-free compressors have initially been developed for very large 
capacities and are being downsized down to 15 kW unitary cooling capacity, including both 
cooling heating and refrigeration designs (high- and low-pressure lifts). When this technology 
can be applied to smaller Chillers, Roof tops, VRF, Heat pumps and refrigeration systems a 
breakthrough in efficiency will happen as is the case today in large capacities. Typical Seasonal 
efficiency increases can be as high as 25% when comparing this technology to traditional oil-
lubricated positive displacement compressors.  


It is fundamental to understand that new centrifugal oil-free compression (e.g., Turbocor) can 
only fit to HFC/HFO low level of pressures to be reliable and efficient, so there is no possibility 
to use it for R290, CO2 or R717. Moreover, the oil-free design will benefit from a constant 
Coefficient of Performance (COP) along the years when it has been demonstrated a continuous 
ageing degradation of COP in oil-lubricated chiller technologies, up to 20% after 20 years.65 


- Ejectors, Sub-Coolers: these technologies, already applied since more than 10 years in CO2 
refrigeration, have demonstrated a significant boost in efficiency by enhancing the refrigeration 
cycle. HFC/HFO will benefit as well from these new options. Expected efficiency increase is 
above 10% for each technology. 


As CO2 is already using them there will be no additional change to the baseline CO2 systems 
efficiency of 2023. 


As far as R290 is concerned, the drastic refrigerant charge limitation linked to its explosivity will 
not permit its use as either ejector or sub-cooler easily, as both solutions will increase the 
refrigerant charge enough to be above the safety standards allowances. 


For R717, the trend of ‘low charge Ammonia’ Chillers and HP (due to its Toxicity) will also 
restrict the access to refrigeration cycle enhancement technologies.66 


 


6. Conclusions 


Total exclusion or time unlimited derogations for HFC/HFOs uses in refrigeration, heating, ventilation, 
air-conditioning (RHVAC) sectors from potential REACH restrictions should be granted. Uses of 


 
65  Energy Star Building Manual, 2008. Chapter 9 - Heating and Cooling; ASHRAE Research Project Report 
RP-751: Experimental Determination of the Effect of Oil on Heat Transfer in Flooded Evaporators with R-123, 
R-134A, ASHRAE, 1999; Final Report: Compressor Degradation Assessment and Wear Mitigation Strategy, 
Zheng, Y., Bellstedt, M., 2014, Meat & Livestock Australia Limited, North Sydney NSW, Australia. pp 19. 
66  Ibid. and Emerging Oil Free Technologies, Good, R., 2018. 



https://www.energystar.gov/sites/default/files/buildings/tools/EPA_BUM_CH9_HVAC.pdf

https://www.techstreet.com/standards/rp-751-experimental-determination-of-the-effect-of-oil-on-heat-transfer-in-flooded-evaporators-with-r-123-r-134a?product_id=1715219

https://www.techstreet.com/standards/rp-751-experimental-determination-of-the-effect-of-oil-on-heat-transfer-in-flooded-evaporators-with-r-123-r-134a?product_id=1715219

https://www.mla.com.au/contentassets/e3787641e36049349f8a01f9cac348ab/p.pip.0363_final_report.pdf

https://utahashrae.org/images/downloads/Chapter_Meeting/slc_ashrae_emerging_oil_free_technologies_final.pdf





 


14 
 


respective HFC/HFO as well as their decomposition product TFA do not entail unacceptable risks that 
are not adequately controlled within the meaning of Articles 68-69 REACH.  


Moreover, potential substitutes do not provide the required safety, technical specifications or 
performance of final products or installations for critical use application. Even in the mid-to long term, 
technically feasible chemical, and functional alternatives acceptable from standpoints of safety, health, 
environment, and costs would not be available. In case of the proposed REACH restrictions, substitution 
costs for all actors within supply chains of many critical industries (food, medicines, automotive, 
electronics, data centers, heat pumps, etc.) as well as for consumers and society would be 
incomparable with alleged persistency risks of HFC/HFO’s decomposition product TFA.  


Inevitable effects on electricity consumption, respective GHG emissions and annual costs in case of 
substitutions discussed in the Proposal will amount to additional annual over 6.9 TWhr/yr demand of 
electricity, the 2.7 MTonne/yr of CO2eq GHG emissions, and additional electricity cost of 1-3.4 Billion 
€/yr for ~44% of the overall Air conditioning and heat pumps (AC/HVAC) and will annually add 5.7 
TWhr/yr demand on the electricity grid, additional 2.4 MTonne/yr of CO2eq emissions and additional 
electricity cost of 0.8-3 Billion €/yr for ~64% of the total Commercial Refrigeration sub-uses. These costs 
are unacceptably high for society and disproportionate in comparison with alleged concerns due to the 
persistency of TFA. This approach is also against wider EU policies on climate change, decarbonization 
and sustainable energy.  


Therefore, Honeywell submits that the following HFC/HFO fluorinated refrigerants should be excluded 
from the scope of the Proposal: HFC-125, HFC-143a, HFO-1234ze(E), HCFO-1233zd(E), HFO-
1336mzz(E), HFO-1336mzz(Z), HFC-245fa, HFC-365mfc, HFO-1234yf, HFC-134a, HFC-227ea, HFC-
236fa, or their uses in RHVAC/HVAC applications should be subject to time-unlimited derogations in 
line with the provisions of Articles 68 and 69 REACH. 


In line with previous practices, this exclusion or derogation should also cover maintenance and repair, 
refitting and reselling activities involving used/secondhand RHVAC systems already placed on the 
market.67 


 


 
  


 
67  See Example 5, Examples of conditional derogations, pages 58-62, Guidance for the preparation of an Annex 


XV dossier for Restrictions; see also para. 7 of entry 72,  para. 8 of entry 50 or paras. 3 and 10 entry 68 of Annex 


XVII REACH. 



https://echa.europa.eu/documents/10162/2324906/restriction_en.pdf/d48a00bf-cd8d-4575-8acc-c1bbe9f9c3f6

https://echa.europa.eu/documents/10162/2324906/restriction_en.pdf/d48a00bf-cd8d-4575-8acc-c1bbe9f9c3f6

https://eur-lex.europa.eu/legal-content/en/TXT/HTML/?uri=CELEX:02006R1907-20221217#tocId286

https://eur-lex.europa.eu/legal-content/en/TXT/HTML/?uri=CELEX:02006R1907-20221217#tocId286
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Appendix 1  


 


Study 1 - Commercial Refrigeration  


1. Investigated Systems 


Four typical refrigeration store formats are considered in this investigation (Table 6.1). The chosen 
store formats cover all the typical system architectures used in commercial refrigeration applications. 
The number of stores, refrigerant charge for each store format and the system capacity based on 
average store floor area are adopted from a published report (Planet Retail, 2018). The refrigerants 
considered for this investigation are listed in Table 2. R471A is a non-flammable refrigerant which has 
a GWP of less than 150 and possesses capability to be used conventionally and efficiently in new 
designs of medium temperature refrigeration systems (Gao et al., 2022; Tangri et al., 2022). While 
R455A is a mildly flammable (A2L) refrigerant with GWP of less than 150 which is a low GWP 
replacement for R404A in both medium and low temperature applications. R471A is considered as HFO 
based solution for the medium temperature loads while R455A as a HFO based solution for the low 
temperature side. Only for supermarkets and hypermarkets, a cascade configuration with R471A on 
high side while R455A in low side is considered within the HFO based solutions. For non HFO based 
solutions, R290 is considered as the refrigerant for the convenience stores and the small supermarkets 
while CO2 for the supermarkets and the hypermarkets. R290 based systems are self-contained water-
cooled units and the heat rejected by these systems is dissipated to ambient with a high efficiency 
chiller. CO2 systems considered in this investigation are equipped with latest technology upgrades like 
parallel compressor and multi-jet ejectors.  


 


Table 6.1 - Commercial Refrigeration System Details for European Region 


STORE FORMAT store size Charge # of stores MT cap LT cap 


(sqm) (kg) (-) (kW) (kW) 


Convenience Store 200 30 126,425 10 2 


Small Supermarket 500 60 46382 24 5 


Supermarket 1000 300 37111 130 25 


Hypermarket 6500 1200 7975 420 80 


 


Table 6.2 - Refrigerant options for Commercial Refrigeration 


Store Type 


Store Architecture 


Refrigerant Options 


HFC/HFO based 
Solution 


HFC/HFO based 
Solution 


HFO based 
Solution 


Non-HFO based 
Solution 


LT MT MT LT 


Supermarket Cascade Booster DX R455A R471A CO2 


Hypermarket Cascade Booster DX R455A R471A CO2 


Small Supermarket DX Distributed 
Water Cooled 


R455A R290 


Convenience Store DX R455A R290 


2. Modelling Methodology 


Performance models are developed for all the considered system architectures based on compressor 
coefficients (chosen from OEMs representing the best-case scenario for each refrigerant case) and a 
certain set of engineering assumptions. Factor of 1.1 is used across all refrigerants to correct the offset 
of compressor suction temperature (coefficients vs actual suction). Compressor technology considered 


is piston reciprocating and the compressor coefficients for each refrigerant is listed in Table 6.3. 
Performance in compared in terms of energy consumption and carbon emissions considering the bin 


data of Frankfurt, Germany, shown in Figure 6.1, which is assumed to be the representative climate for 
European region (BinMaker Pro, 2018). Evaporating temperature fixed -8 °C for MT and a fixed -32 °C 
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for LT. Table 6.4 and Table 6.5 lists the condensing temperatures and the leak rates considered for 
this analysis. Temperature difference of 5K is considered for cascade (R455A/R471A) and secondary 
heat exchanger (R290). The GWP values adopted from AR4. R290 plug-in cabinets heat dissipation 
into the store (compressor) not included which in real store must be compensated by air conditioning. 
Defrost energy is not considered for this comparative investigation. For CO2 systems, leak rate of 20% 
considered in this investigation is very conservative, more realistic values in warm ambient are close to 
40%. For R290 system, COP of 6 is considered for chiller to dissipate heat from secondary loop. It is 
assumed to have requirement of chiller annual operation of 60% while remaining 40% is free cooling. 
Average equipment lifetime of 10 yrs, CO2 emission factor of 0.43 kgCO2/kWh and electricity cost of 
(0.15 €/kWh to 0.49 €/kWh) are considered for evaluating the total emissions and cost savings of HFO 
based solutions vs the non HFO based solutions.  


Table 6.3 - Compressor Coefficients 


C-store, small supermarket 


R-290 MT, LT 


 C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 


Q (W) 


3830.
431 


135.7
552 


-
11.59
07 


1.608
565 


-
0.672
42 


-
0.621
7 


0.007
699 


-
0.005
96 


-
0.003
78 


0.004
312 


P (W) 


450.8
31 


-
4.416
9 


1.159
554 


-0.179 
-
0.035
95 


0.193
776 


0.002
794 


0.004
547 


0.006
708 


-
0.001
25 


m 
(kg/h) 


33.03
167 


1.063
232 


0.170
961 


0.011
02 


0.002
233 


-
0.006
82 


5.59E-
05 


2.57E-
05 


-3.7E-
05 


3.91E-
05 


R-455A MT 


 C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 


Q (W) 


46494
.4 


1666.
283 


-
463.4
02 


21.40
508 


-
13.11
1 


-
0.604
32 


0.103
61 


-
0.100
12 


0.001
673 


0.010
188 


P (W) 


1708.
66 


-
136.7
49 


193.9
651 


-
3.979
84 


6.007
311 


-
1.004
66 


-
0.028
25 


0.042
991 


-
0.015
9 


-
0.000
64 


m 
(kg/h) 


777.5
583 


26.17
091 


-
2.396
18 


0.322
762 


-
0.039
32 


-
0.023
46 


0.001
66 


2.42E-
05 


-
0.000
15 


8.77E-
05 


R-455A LT 


 C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 


Q (W) 


46118
.8 


1653.
827 


-
462.8
42 


21.25
007 


-
13.11
47 


-
0.598
07 


0.102
769 


-
0.100
43 


0.001
568 


0.010
136 


P (W) 


1713.
917 


-
136.4
35 


193.7
564 


-3.976 
6.005
689 


-
1.004
76 


-
0.028
24 


0.043
008 


-
0.015
92 


-
0.000
65 


m 
(kg/h) 


776.4
534 


26.13
952 


-
2.395
91 


0.322
397 


-
0.039
35 


-
0.023
49 


0.001
658 


2.37E-
05 


-
0.000
15 


8.77E-
05 


Supermarket, hypermarket 


R-744 MT 
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 C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 


Q (W) 


41041
.31 


1391.
413 


-
839.1
55 


19.17
435 


-
11.46
8 


20.90
983 


-
0.041
54 


-
0.390
29 


-
0.370
74 


-
0.555
57 


P (W) 


1524.
987 


-
112.2
7 


123.7
113 


-
1.692
11 


-
0.150
58 


1.521
209 


0.003
621 


-
0.034
29 


0.061
404 


-
0.014
64 


m 
(kg/h) 


585.6
053 


21.08
29 


-
3.049
77 


0.337
399 


-
0.084
17 


-
0.001
56 


0.003
276 


-
0.001
16 


-
0.000
12 


-8.2E-
05 


R-744 LT 


 C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 


Q (W) 


7707.
002 


250.8
46 


-
110.6
06 


2.474
551 


-
2.342
75 


-
0.403
03 


0.004
338 


-
0.007
05 


-
0.017
94 


0.008
425 


P (W) 


182.0
296 


-
41.90
46 


41.51
396 


-
0.947
43 


1.182
989 


-
0.192
1 


-
0.005
52 


0.009
8 


-
0.004
42 


0.000
586 


m 
(kg/h) 


111.4
106 


3.641
336 


-
0.523
84 


0.036
707 


-7.3E-
05 


-
0.008
86 


7.24E-
05 


0.000
191 


-
0.000
31 


0.000
141 


R-471A MT (proxy by R-1234ze compressor) 


 C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 


Q (W) 


17948
4.6 


6800.
371 


-
1963.
63 


105.8
457 


-
45.22
38 


19.73
852 


0.663
551 


-
0.627
08 


-
0.034
64 


-
0.219
83 


P (W) 


2630.
159 


81.56
54 


1103.
599 


12.61
078 


2.778
549 


-
17.04
84 


-
0.090
29 


-
0.224
1 


0.020
984 


0.176
253 


m 
(kg/h) 


3095.
229 


90.64
566 


2.232
313 


0.930
813 


1.024
726 


0.095
434 


0.006
572 


0.013
108 


-
0.010
89 


-
0.003
49 


R-455A LT 


 C0 C1 C2 C3 C4 C5 C6 C7 C8 C9 


Q (W) 


46118
.8 


1653.
827 


-
462.8


42 


21.25
007 


-
13.11


47 


-
0.598


07 


0.102
769 


-
0.100


43 


0.001
568 


0.010
136 


P (W) 


1713.
917 


-
136.4


35 


193.7
564 


-3.976 
6.005
689 


-
1.004


76 


-
0.028


24 


0.043
008 


-
0.015


92 


-
0.000


65 


m 
(kg/h) 


776.4
534 


26.13
952 


-
2.395


91 


0.322
397 


-
0.039


35 


-
0.023


49 


0.001
658 


2.37E-
05 


-
0.000


15 


8.77E-
05 
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Figure 6.1 - Bin Data for Frankfurt 


Table 6.4 - Condensing Temperatures 


System MT range LT range 


CO2 Ambient +5 K but not lower than 10 oC, 
for transcritical operation gas cooler exit 
temperature is 3K above ambient 


Fixed -8 oC 


R290 Fixed 28oC since plug in cabinets are 
located inside a store with ~constant 
temperature 


Fixed 28oC since plug in cabinets are 
located inside a store with ~constant 
temperature 


R455A and 
R471A 


Ambient +5 K but not lower than 15 oC Ambient +5 K but not lower than 15 oC 


 
Table 6.5 - Leak rates 


Refrigerant Leak rate 


CO2 20% since it is a high-pressure fluid 


R290 2% since it works in hermetic system in plug in cabinets 


R455A 10% average leak rate in EU for R-404A like fluids in centralized/semi centralized 
systems 


R471A 5% since it is a low-pressure fluid 


3. Results 


Table 6.6 presents the net savings from electricity and carbon emissions for HFC/HFO based solution 
vs the non HFC/HFO based solutions over a 10-year period. 


Table 6.6 - Total Cost and Emissions Savings for HFOs vs non HFOs based solutions over a 
10-year period 


PARAMETERS 
HFC/HFO 
Solutions 


Non-HFC/HFO 
Solutions 


Annualized Energy Consumption (million kWh)   21145 (78.9%) 26800 (100%) 


Total Electricity Cost Lifetime (Billion Euro)  


Electricity Cost (0.15 €/kWh) 
31.8 40.2 


Total Electricity Cost Lifetime (Billion Euro)  


Electricity Cost (0.49 €/kWh) 
103.7 131.2 
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Lifetime CO2 Emission (million tons) 91.1 115.2 


Total Cost Saving (Billion Euro)  


Electricity Cost (0.15 €/kWh) 
8.4 


Total Cost Saving (Billion Euro)  


Electricity Cost (0.49 €/kWh) 
27.5 


Total CO2 emission saving (million tons) 24.1 


4. Conclusions 


This analysis of energy consumption and CO2 emissions for HFC/HFO and Non-HFC/HFO solutions 
show that keeping HFC/HFO refrigerants for the commercial refrigeration sector can save from 8.4 to 
27.5 billion euros in energy costs and prevent 24.1 million tons of equivalent CO2 emissions. By 
prohibiting the use of HFO refrigerants the European Union will hinder the achievement of its emission 
goals. 


Future technological advancement can further improve the performance of HFO refrigerant-based 
systems (see section 5 in the main document above). 
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Appendix 2 


Study 2 - Air-conditioning (AC) and heat pumps study 


1. Introduction  


Increasing demand for air conditioning and heat pump in Europe requires careful consideration on the 
phase out of F-gases as refrigerants. Although some of these substances have higher global warming 
potential than the not-in-kind (NIK) solutions, the increased efficiency due to better thermophysical 
properties or more efficient systems can lead to lower overall emissions throughout the lifecycle of the 
systems. 


This report below presents the calculations of equivalent CO2 (CO2eq) emissions and electricity 
consumption costs for current HFC/HFO refrigerants in comparison to NIK solutions for Commercial 
Air-conditioning (AC) and heat pump sub-uses. The calculations were performed based on estimated 
system efficiencies for the applications along with the HFC/HFO refrigerant and NIK alternatives shown 


in Table 1.1. 


Table 1.1 - Commercial air conditioning and heat pump applications with HFC/HFO and NIK 
refrigerants 


Application 


HFC/HFO NIK 
Average 
capacity 


Refrigerant 
GWP 


(AR4) 
Refrigerant 


GWP 


(AR4) 


kW 


Light commercial A/C (rooftop) 


[20 kW<Q<50 kW] 


R-
1234ze(E) 


7 R290 4 30 


Light commercial H/P (rooftop) 


[20 kW<Q<50 kW] 
R-455A 146 R290 4 30 


Small commercial chiller for A/C 


[20 kW<Q<100 kW] 


R-
1234ze(E) 


7 R290 4 60 


Small commercial chiller for H/P 


[20 kW<Q<100 kW] 


R-
1234ze(E) 


7 R290 4 60 


Medium commercial chiller for A/C 


[100 kW<Q<500 kW] 


R-
1234ze(E) 


7 R290 4 300 


Medium commercial chiller for H/P 


[100 kW<Q<500 kW] 


R-
1234ze(E) 


7 R290 4 300 


Large commercial chiller for A/C 


[500 kW<Q] 


R-
1234ze(E) 


7 R717 <1 750 


Large commercial chiller for H/P 


[500 kW<Q] 


R-
1234ze(E) 


7 R717 <1 750 


 


The system performance was calculated using both references from performance values in 
manufacturers’ data, when available, and thermodynamic cycle estimations using assumptions that 
emulate the efficiency of real systems using both HFC/HFO refrigerants and NIK alternatives. 


The calculations presented in this section are estimated based on 2023-2043 installation projections 
for each commercial sector, average CO2 emission factors and electricity cost in Europe. 


2. Investigated Systems 


The systems evaluated in this investigation are defined by each application listed in section 1. And will 
have some effect on the performance calculation for both HFC/HFO and NIK refrigerants. The choice 
of system type and architecture was done based on what’s most used based on market research done 
by Honeywell. In the commercial sector for lower capacities rooftop systems are used with either an air-
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to-air configuration or an air-to-water configuration. While for greater capacities chillers are used, with 
air-water configurations used for small and medium chillers, and water-to-water configurations used for 
both medium and large chillers. 


For light commercial applications rooftop systems are considered for both HFC/HFO and NIK 
refrigerants. But the HFC/HFO refrigerants use an air-to-air configuration with both indoor and outdoor 
fin and tube heat exchangers. On the other hand, because the NIK solution (R290) is an A3 refrigerant 
with limited indoor charges due to flammability, an air-to-water system is used with the entire system 
packaged on the rooftop and a secondary loop with water or brine pumped indoors. 


The R290 systems are all air-water, using a simple compressor, condenser, expansion valve, 
evaporator cycle architecture. On the other hand, the R1234ze(E) and R455A use a suction line heat 
exchanger (SLHX) or internal heat exchanger (IHX) which exchanges heat between the outlet of the 
evaporator and the outlet of the condenser. This component can improve performance for R1234ze(E) 
and zeotropic blends can use it to increase the average evaporation temperatures (Mota-Babiloni et al., 
2015; Domanski and Didion, 1994; Kuratli et al., 1997). 


For large commercial chillers both cycles use the same cycle architecture as R290. 


To estimate equivalent CO2 emissions and electricity consumption the yearly installation numbers for 


light commercial systems and chillers were obtained from several sources. Table 1.2 shows the 
projected yearly installations in Europe. The compound annual growth rate (CAGR) for each sector is 
shown at the bottom of the table. The CAGR for light commercial H/P installation was set at 10.0% 
instead of the predicted to provide reasonable estimates of installation in 2045. All other CAGR values 
were estimated directly from the data. The BSRIA data for H/P chillers was incomplete, with only Czech 
Republic, France, Germany, Italy, Netherland, and UK listed, thus the total numbers were extrapolated 
based on the A/C chiller data from BSRIA. The H/P chiller market analysis by BSRIA also only had 
sales numbers for 50-100 kW, 1The Large chiller H/P sector was estimated to be 1.2% of the total H/P 
chiller market, while small H/P chiller are 58.4% and medium are 40.4%. 


The values on Table 1.2 for year 2021 and in some cases 2022 are taken from the sources also shown 
in the table. The projections are extrapolated using a constant growth rate that was adjusted based on 
the previous years’ data for all sectors, expect for the Light Commercial H/P which based on the analysis 
had inflated numbers due to the natural gas crisis in EU, thus its growth rate of 5.0% was selected to 
provide a reasonable market size increase. 


Table 1.2 - Commercial systems projected yearly installations 


Year 


Yearly installations 


Light 
commercial 


A/C  


Light 
commercial 


H/P  


Small 
chiller 
A/C  


Small 
chiller 
H/P  


Medium 
chiller 
A/C 


Medium 
chiller 
H/P 


Large 
chiller 
A/C 


Large 
chiller 
H/P 


2021* 275533 260734 10179 12232 29084 9504 37273 264 


2022* 270379 273771 10423 13081 29779 10164 38164 282 


2023 280668 316925 10627 14507 30364 11272 38914 313 


2024 288414 332771 10984 15822 31384 12293 40221 341 


2025 295913 349410 11353 17024 32438 13227 41572 367 


2026 303698 366881 11735 18644 33528 14486 42969 402 


2027 312169 385225 12129 20285 34654 15761 44412 438 


2028 320850 404486 12536 22071 35818 17149 45904 476 


2029 327544 424710 12957 24014 37021 18658 47446 518 


2030 332480 445946 13393 26128 38265 20301 49040 564 


2031 340078 468243 13843 28428 39550 22088 50687 614 


2032 348121 491655 14308 30931 40879 24033 52390 668 


2033 357292 516238 14788 33654 42252 26149 54150 726 


2034 365906 542050 15285 36617 43672 28451 55969 790 
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2035 374566 569153 15799 39841 45139 30955 57849 860 


2036 383029 597611 16329 43348 46655 33681 59792 936 


2037 391081 627492 16878 47164 48222 36646 61801 1018 


2038 398828 658867 17445 51317 49842 39872 63877 1108 


2039 406346 691810 18031 55834 51516 43382 66022 1205 


2040 413641 726401 18636 60750 53247 47201 68240 1311 


2041 420370 762721 19262 66098 55036 51357 70533 1427 


2042 427068 800857 19910 71917 56884 55878 72902 1552 


TOTAL 


(2023-
2042) 


7088062 10479452 296228 724394 846366 562840 1084690 15634 


Avg. 
CAGR 2.1% 5.0% 3.3% 8.8% 3.3% 8.8% 3.3% 8.8% 


Source EPEE 
BSRIA and 


EHPA BSRIA BSRIA BSRIA BSRIA BSRIA BSRIA 


 


The chiller market segmentation by capacity, compressor technology and outdoor heat exchanger 


configuration is given by BSRIA 2018 on A/C chillers shown in Table 1.3 with some approximations 
eliminating niche markets (<1.0%). The same segmentation numbers will be used for the H/P chillers 
due to lack of data on this market.  


Table 1.3 – Chiller market segmentation 


Compressor and outdoor 
heat exchanger 
configuration 


Capacity ranges 


 Q < 100 kW 100 kW < Q < 500 kW 500 kW < Q 


Scroll (air source) 67.0% 26.8% 0.0% 


Scroll (water source) 33.0% 12.2% 0.0% 


Screw (air source) 0.0% 25.7% 71.3% 


Screw (water source) 0.0% 4.5% 12.5% 


Centrifugal (air source) 0.0% 0.0% 0.0% 


Centrifugal (water source) 0.0% 30.8% 16.2% 


 


The different system refrigerant charges for the indirect emission calculations are shown in Table 1.4. 
These charges were estimated using catalog data from Daikin, and an investigation on Low-GWP 
refrigerants for a residential air-source heat pump (Li et al., 2022) 


Table 1.4 – Estimated nominal charges for each system 


Application 


R1234ze(E
) 


R455
A 


R290 R1234ze(E
) 


R717 


     


Light commercial A/C (rooftop) 


[20 kW<Q<50 kW] 


6.8  3.0   


Light commercial H/P (rooftop) 


[20 kW<Q<50 kW] 


 7.7 3.0   
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Small commercial chiller for A/C 


[20 kW<Q<100 kW] 


11.2  6.0   


Small commercial chiller for H/P 


[20 kW<Q<100 kW] 


11.2  6.0   


Medium commercial chiller for 
A/C 


[100 kW<Q<500 kW] 


41.4  30.0   


Medium commercial chiller for 
H/P 


[100 kW<Q<500 kW] 


41.4  30.0   


Large commercial chiller for A/C 


[500 kW<Q] 


   117.0 50.0 


Large commercial chiller for H/P 


[500 kW<Q] 


   117.0 50.0 


3. CO2 emission factors and electricity cost 


The emission factor was kept constant because COVID-19 disrupted the trend in emission and with 
Germany shutting down their nuclear power plants and relying on coal the downward trend in emission 
factors is uncertain. Two electricity costs were used, one for a low-cost scenario and another for a high-


cost scenario. The values for CO2 emission factor and electricity cost are shown in Table 1.5. 


Table 1.5 – Average EU CO2 emission factor and electricity cost 


CO2 emission factor Electricity cost 


kg CO2/kWh €/kWh 


0.43 0.15nd 0.49 


4. Modelling methodology 


The CO2 emissions are comprised of two parts: direct emissions and indirect emissions. The annual 


direct emissions are calculated by multiplying the annual refrigerant leak rates (Table 1.6) by the 


system’s nominal charges (Table 1.4) and the refrigerant’s Global Warming Potential (GWP) (Table 


1.1). The refrigerant leak rates are based on the IPCC report (2019). This calculation is shown in 
equation 1. 


Table 1.6 – System leak rates (IPCC, 2019) 


Syste
ms 


Light 
commer
cial A/C 
(rooftop) 


Light 
commer
cial H/P 
(rooftop) 


Small 
commer
cial 
chiller 
for A/C 


Small 
commer
cial 
chiller 
for H/P 


Medium 
commer
cial 
chiller 
for A/C 


Medium 
commer
cial 
chiller 
for H/P 


Large 
commer
cial 
chiller 
for A/C 


Large 
commer
cial 
chiller 
for H/P 


Leak 
rates 


(%) 


4.0 4.0 6.0 6.0 6.0 6.0 6.0 6.0 


 


 (𝐷𝑖𝑟𝑒𝑐𝑡 𝐶𝑂2 𝑒𝑚𝑖𝑠𝑖𝑜𝑛) = (𝐴𝑛𝑛𝑢𝑎𝑙 𝑙𝑒𝑎𝑘 𝑟𝑎𝑡𝑒) ∗ (𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑐ℎ𝑎𝑟𝑔𝑒) ∗ (𝐺𝑊𝑃) (1) 


The calculation of indirect CO2 emissions and electricity cost involves determining the total power 
consumption of each type of system throughout a year. This is achieved by using performance numbers 
for each system with its respective refrigerant and generating a linear function of its capacity and COP 
vs. the outdoor air temperature. 
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These performance curves are then applied to the bin data for a specific location and can be used to 
calculate the total system power consumption in kWh. With these values it’s possible to estimate the 
indirect CO2 emissions using equation 2. 


 (𝐼𝑛𝑑𝑖𝑟𝑒𝑐𝑡 𝐶𝑂2 𝑒𝑚𝑖𝑠𝑖𝑜𝑛) = (𝐴𝑛𝑛𝑢𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛) ∗ (𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟) (2) 


The bin data used for this investigation was of Frankfurt and can be found in BinMaker®Pro. This 
software has a database of the temperature profiles (in number of hours) throughout the year for several 
locations. Frankfurt was selected to represent an average EU condition. The bin data for Frankfurt is 


shown in Table 1.7. 


Table 1.7 – Temperature bin data for Frankfurt (BinMaker®Pro v4.0) 


Temperature 
(°C) 


32.
2 


29.
4 


26.
7 


23.
9 


21.
1 


18.
3 


15.
6 


12.
8 


10.
0 7.2 4.4 1.7 -1.1 -3.9 -6.7 -9.4 


Hours 2 40 90 220 360 664 964 
104


3 854 850 
108


3 
131


5 946 222 83 24 


 


To determine the performance parameters the systems were modelled using Genetron, a Honeywell 
software for thermodynamic analysis of vapor-compression cycles. This software can calculate the 
performance of different cycle architectures with assumptions of average evaporator and condenser 
saturation temperatures, pressure drops and heat losses across components and connecting lines, 
isentropic/volumetric compressor efficiencies and effectiveness of internal heat exchangers and 
economizers. 


The building zero load outdoor temperatures were defined based on the 3-story large retail values from 
Lu et al. (2008) which used the Typical Meteorological Year version 2 (TMY2) from the SAMSOM 
database by NREL. The rating full load temperature for air conditioning is defined by AHRI 210/240 as 
the rate capacity at 35°C, while for heat pump a balance point of -3°C is used based on the study by 
Petrak and Petrak (2018). The cooling and heating zero load and full rating load temperatures are 


shown in Table 1.8. 


Table 1.8 – Zero load, full load and balance point temperatures 


Operation Zero load temperature (°C) 
Full load or balance point 


temperature (°C) 


Cooling 12.8 35.0 


Heating 18.3 -3.3 


These values don’t apply to water-water heat pump systems which have an extended operation range, 
as they are not affected by the outdoor air temperature below 0°C. 


For each system type, refrigerant and sector 3-4 data points were calculated using reasonable 
assumptions of saturation temperatures, pressure drops, isentropic efficiencies, volumetric efficiencies, 
heat losses, condenser subcooling and evaporator superheat. These points were used to define an 
EER and capacity curves as a function of the outdoor air temperature which can be used with bin data 
to provide energy consumption curves for each case. For the heat pump cases auxiliary heat is 
assumed to be provided by electric heaters when needed at lower outdoor temperatures if the capacity 
cannot match the load demand. 


Table 1.9 to Table 1.20 show the assumptions used for each system type, refrigerant and sector. 
 







 


26 
 


Table 1.9 shows the performance for light commercial air conditioning using an air-air system with IHX for R1234ze(E) and air-water system for 
R290. The average capacity was taken as 30 kW for this sector and used as a baseline for both system calculations at the rating condition. R290 
evaporation temperature are adjusted to consider the secondary fluid heat transfer, while condensing temperatures are the same for both systems. 
System power considers the calculated compressor power and an extra power to fans, control boards and pumps. For light commercial A/C systems 
the extra power was assumed to be 0.5 kW. The EER can then be calculated using the total estimated system power and the capacity. 


 𝑊𝑠𝑦𝑠𝑡𝑒𝑚 = 𝑊𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟 + 𝑊𝑒𝑥𝑡𝑟𝑎 (3) 


 
𝐸𝐸𝑅 =


𝑄𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦


𝑊𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟 + 𝑊𝑒𝑥𝑡𝑟𝑎
 


(4) 


Table 1.9 – Light commercial A/C cycle parameters 


Refriger
antSyste
m type 


Compres
sor types 


Operati
ng 


mode 


Outdoor 
air 


temperat
ure 


Evaporat
ion 


temperat
ure 


Compre
ssor 


suction 
superhe


at 


Evapora
tor 


pressur
e drop 


Compres
sor 


displace
ment 


Compres
sor 


isentropic 
efficiency 


Compres
sor 


volumetri
c 


efficiency 


Condens
ing 


temperat
ure 


Conden
ser 


subcooli
ng 


Conden
ser 


pressur
e drop 


IHX 
effectiven


ess 


IHX 
press
ure 


drops 


EER 
Capaci


ty 


Syste
m 


power 


°C °C °C kPa m3/s - - °C °C kPa - kPa - kW kW 


R1234z
e(E) 


Air-air 


Scroll A/C 30 11.7 12.6 22.0 0.0136 0.75 0.95 40 5.0 24 0.5 


LL: 5 


SL: 
10 


5.65 30.87 5.47 


R1234z
e(E) 


Air-air 


Scroll A/C 35 12.1 14.8 21.5 0.0136 0.73 0.95 45 5.0 21 0.5 
LL: 4 


SL: 8 
4.78 30.24 6.32 


R1234z
e(E) 


Air-air 


Scroll A/C 40 12.5 17.1 21.0 0.0136 0.71 0.95 50 5.0 18 0.5 
LL: 3 


SL: 6 
4.10 29.57 7.23 


R1234z
e(E) 


Air-air 


Scroll A/C 45 12.9 19.3 20.5 0.0136 0.69 0.95 55 5.0 15 0.5 
LL: 2 


SL: 4 
3.53 28.87 8.19 


R290 


Air-
water 


Scroll A/C 30 5.8 5.5 16.0 0.00941 0.75 0.95 40 5.0 16 - - 4.80 31.26 6.60 


R290 Scroll A/C 35 6.3 5.5 15.5 0.00941 0.73 0.95 45 5.0 14 - - 4.01 30.25 7.54 
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Air-
water 


R290 


Air-
water 


Scroll A/C 40 6.8 5.5 15.0 0.00941 0.71 0.95 50 5.0 12 - - 3.42 29.18 8.53 


R290 


Air-
water 


Scroll A/C 45 7.3 5.5 14.5 0.00941 0.69 0.95 55 5.0 10 - - 2.93 28.03 9.57 


 


 


Table 1.10 shows the performance for light commercial heat pump systems. R455A is used for the heat pump operation due to its higher capacities 
compared with R1234ze(E) which benefit performance at low ambient temperatures. The R455A system has its compressor suction superheat 
controller while using an IHX as shown in the patent by Kuratli et al. (1997). But R290 shows greater capacities at lower ambient temperatures which 
reduces auxiliary heat needs. Extra system power for light commercial heat pumps is also assumed to be 0.5 kW. 


Table 1.10 – Light commercial H/P cycle parameters 


Refriger
ant 


Compre
ssor 
types 


Operat
ing 


mode 


Outdoor 
air 


tempera
ture 


Evapora
tion 


tempera
ture 


Compre
ssor 


suction 
superhe


at 


Evapor
ator 


pressur
e drop 


Compres
sor 


displace
ment 


Compre
ssor 


isentropi
c 


efficienc
y 


Compres
sor 


volumetri
c 


efficiency 


Dischar
ge line 


tempera
ture 
drop 


Conden
sing 


tempera
ture 


Conden
ser 


subcool
ing 


Conde
nser 


pressur
e drop 


IHX 
effective


ness 


IHX 
press
ure 


drops 


EE
R 


Capac
ity 


Syste
m 


power 


°C °C °C kPa m3/s - - °C °C °C kPa - kPa - kW kW 


R455A 


Air-air 
Scroll H/P 8.3 1.72 5.0 18.0 0.00714 0.75 0.95 5.0 35.0 5.0 16 0.5 


LL: 5 


SL: 
10 


5.1
6 


29.99 5.81 


R455A 


Air-air 
Scroll H/P 1.7 -5.62 5.0 18.0 0.00714 0.70 0.95 5.0 34.0 5.0 14 0.5 


LL: 4 


SL: 8 


4.1
0 


24.49 5.98 


R455A 


Air-air 
Scroll H/P -8.3 -14.36 5.0 14.0 0.00714 0.65 0.95 5.0 33.0 5.0 12 0.5 


LL: 3 


SL: 6 


3.2
4 


19.11 5.90 


R455A 


Air-air 
Scroll H/P -15 -20.86 5.0 11.0 0.00714 0.60 0.95 5.0 32.0 5.0 10 0.5 


LL: 2 


SL: 4 


2.7
5 


15.98 5.81 
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R290 


Air-
water 


Scroll H/P 8.3 2.33 5.0 15.0 0.00854 0.75 0.95 5.0 40.0 5.0 16 - - 
4.9
3 


30.01 6.09 


R290 


Air-
water 


Scroll H/P 1.7 -4.33 5.0 13.0 0.00854 0.70 0.95 5.0 39.0 5.0 14 - - 
4.0
4 


25.50 6.31 


R290 


Air-
water 


Scroll H/P -8.3 -14.33 5.0 10.0 0.00854 0.65 0.95 5.0 38.0 5.0 12 - - 
3.1
5 


19.67 6.25 


R290 


Air-
water 


Scroll H/P -15 -21 5.0 8.0 0.00854 0.60 0.95 5.0 37.0 5.0 10 - - 
2.6
8 


16.63 6.19 


 


 


Table 1.11 shows the small chiller A/C systems with similar performance for R1234ze(E) and R290. The small chiller cycles don’t use internal heat 
exchangers and a 1.0 kW of extra system power is assumed. These systems only use scroll compressors but are divided into air-source and water-
source, with lower condenser saturation temperatures for the water-source small chillers. Because all chillers considered in this analysis use 
azeotropic refrigerants the evaporator and condenser pressure drops are defined as saturation temperature changes hereafter. 


Table 1.11 – Small chiller A/C cycle parameters 


Refrigera
nt 


Compre
ssor 
types 


Operat
ing 


mode 


Outdoor 
air 


tempera
ture 


Evapora
tion 


tempera
ture 


Compre
ssor 


suction 
superhe


at 


Evapor
ator 


saturati
on 


temp. 
drop 


Compres
sor 


displace
ment 


Compre
ssor 


isentropi
c 


efficienc
y 


Compre
ssor 


volumetr
ic 


efficienc
y 


Dischar
ge line 


tempera
ture 
drop 


Conden
sing 


tempera
ture 


Conden
ser 


subcool
ing 


Conde
nser 


saturati
on 


temp. 
drop 


EE
R 


Capac
ity 


Syste
m 


power 


°C °C °C °C m3/s - - °C °C °C °C - kW kW 


R1234ze(
E) 


Air-water 


Scroll A/C 30 4.0 5.0 0.5 0.03579 0.75 0.95 5.0 40.0 5.0 1.0 
4.5
7 


63.88 13.99 


R1234ze(
E) 


Scroll A/C 35 4.0 5.0 0.5 0.03579 0.73 0.95 5.0 45.0 5.0 1.0 
3.8
2 


60.72 15.90 
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Air-water 


R1234ze(
E) 


Air-water 


Scroll A/C 40 4.0 5.0 0.5 0.03579 0.71 0.95 5.0 50.0 5.0 1.0 
3.2
2 


57.51 17.85 


R1234ze(
E) 


Air-water 


Scroll A/C 45 4.0 5.0 0.5 0.03579 0.69 0.95 5.0 55.0 5.0 1.0 
2.7
3 


54.26 19.85 


R290 


Air-water 
Scroll A/C 30 4.0 5.0 0.5 0.0201 0.75 0.95 5.0 40.0 5.0 1.0 


4.4
9 


63.67 14.19 


R290 


Air-water 
Scroll A/C 35 4.0 5.0 0.5 0.0201 0.73 0.95 5.0 45.0 5.0 1.0 


3.7
5 


60.62 16.16 


R290 


Air-water 
Scroll A/C 40 4.0 5.0 0.5 0.0201 0.71 0.95 5.0 50.0 5.0 1.0 


3.1
6 


57.50 18.18 


R290 


Air-water 
Scroll A/C 45 4.0 5.0 0.5 0.0201 0.69 0.95 5.0 55.0 5.0 1.0 


2.6
8 


54.30 20.26 


R1234ze(
E) 


Water-
water 


Scroll A/C 30 4.0 5.0 0.5 0.03402 0.76 0.95 5.0 35.0 5.0 0.5 
5.4
6 


63.54 11.64 


R1234ze(
E) 


Water-
water 


Scroll A/C 35 4.0 5.0 0.5 0.03402 0.74 0.95 5.0 40.0 5.0 0.5 
4.5
1 


60.57 13.44 


R1234ze(
E) 


Water-
water 


Scroll A/C 40 4.0 5.0 0.5 0.03402 0.72 0.95 5.0 45.0 5.0 0.5 
3.7
7 


57.56 15.28 


R1234ze(
E) 


Scroll A/C 45 4.0 5.0 0.5 0.03402 0.70 0.95 5.0 50.0 5.0 0.5 
3.1
7 


54.51 17.17 
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Water-
water 


R290 


Water-
water 


Scroll A/C 30 4.0 5.0 0.5 0.01914 0.76 0.95 5.0 35.0 5.0 0.5 
5.3
7 


63.34 11.80 


R290 


Water-
water 


Scroll A/C 35 4.0 5.0 0.5 0.01914 0.74 0.95 5.0 40.0 5.0 0.5 
4.4
3 


60.48 13.65 


R290 


Water-
water 


Scroll A/C 40 4.0 5.0 0.5 0.01914 0.72 0.95 5.0 45.0 5.0 0.5 
3.7
0 


57.57 15.56 


R290 


Water-
water 


Scroll A/C 45 4.0 5.0 0.5 0.01914 0.70 0.95 5.0 50.0 5.0 0.5 
3.1
2 


54.60 17.51 


 


Table 1.12 shows the cycle parameters for the small H/P chillers. The condensing temperature is kept constant assuming indoor water inlet/outlet 
temperatures of 30°C /35°C, and for the water-water chillers the evaporation temperature is kept at 4.0°C assuming evaporator water inlet/outlet 
temperatures of 12°C /7°C. Extra system power is 1.0 kW. 
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Table 1.12 – Small chiller H/P cycle parameters 


Refrigera
nt 


Compre
ssor 
types 


Operat
ing 


mode 


Outdoor 
air 


tempera
ture 


Evapora
tion 


tempera
ture 


Compre
ssor 


suction 
superhe


at 


Evapor
ator 


saturati
on 


temp. 
drop 


Compres
sor 


displace
ment 


Compre
ssor 


isentropi
c 


efficienc
y 


Compre
ssor 


volumetr
ic 


efficienc
y 


Dischar
ge line 


tempera
ture 
drop 


Conden
sing 


tempera
ture 


Conden
ser 


subcool
ing 


Conde
nser 


saturati
on 


temp. 
drop 


EE
R 


Capac
ity 


Syste
m 


power 


°C °C °C °C m3/s - - °C °C °C °C - kW kW 


R1234ze(
E) 


Air-water 


Scroll H/P 8.3 2.3 5.0 1.0 0.02985 0.75 0.95 5.0 40.0 5.0 0.5 
5.1
3 


60.00 11.69 


R1234ze(
E) 


Air-water 


Scroll H/P 1.7 -4.3 5.0 1.0 0.02985 0.70 0.95 5.0 40.0 5.0 0.5 
4.0
9 


48.51 11.87 


R1234ze(
E) 


Air-water 


Scroll H/P -8.3 -14.3 5.0 1.0 0.02985 0.60 0.95 5.0 40.0 5.0 0.5 
3.1
0 


34.60 11.17 


R1234ze(
E) 


Air-water 


Scroll H/P -15 -21 5.0 1.0 0.02985 0.55 0.95 5.0 40.0 5.0 0.5 
2.5
9 


27.61 10.67 


R290 


Air-water 
Scroll H/P 8.3 2.3 5.0 1.0 0.01656 0.75 0.95 5.0 40.0 5.0 0.5 


5.0
7 


60.00 11.84 


R290 


Air-water 
Scroll H/P 1.7 -4.3 5.0 1.0 0.01656 0.70 0.95 5.0 40.0 5.0 0.5 


4.0
6 


50.79 12.49 


R290 


Air-water 
Scroll H/P -8.3 -14.3 5.0 1.0 0.01656 0.60 0.95 5.0 40.0 5.0 0.5 


3.1
2 


39.05 12.52 


R290 


Air-water 
Scroll H/P -15 -21 5.0 1.0 0.01656 0.55 0.95 5.0 40.0 5.0 0.5 


2.6
3 


32.92 12.53 
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R1234ze(
E) 


Water-
water 


Scroll H/P 
-15 to 
8.3 


4.0 5.0 0.5 0.02808 0.76 0.95 5.0 40.0 5.0 0.5 
5.4
5 


59.99 11.00 


R290 


Water-
water 


Scroll H/P 
-15 to 
8.3 


4.0 5.0 0.5 0.01577 0.76 0.95 5.0 40.0 5.0 0.5 
5.3
8 


59.98 11.15 


 


Table 1.13 shows the cycle parameters for the medium A/C chillers with scroll and screw compressors. The isentropic efficiency of scroll and screw 
compressor was assumed to be the same, while centrifugal compressor have higher efficiency, and thus the cycle parameters are shown in Table 


1.14. R290 centrifugal chiller catalog data was not found in the literature and Kontomaris et al. (2018) estimated low COP for R290 centrifugal 
chillers due to its higher operating pressures, thus only R1234ze(E) is considered for the centrifugal chiller section of medium chillers as this 
refrigerant was found to be suitable for centrifugal compressor (Miyamoto et al., 2019). The extra power consumption for medium chillers is assumed 
to be 2.5 kW for the EER calculation. 


Table 1.13 – Medium chiller A/C cycle parameters (Scroll/Screw compressors) 


Refrigera
nt 


Compre
ssor 
types 


Operat
ing 


mode 


Outdoor 
air 


tempera
ture 


Evapora
tion 


tempera
ture 


Compre
ssor 


suction 
superhe


at 


Evapor
ator 


saturati
on 


temp. 
drop 


Compres
sor 


displace
ment 


Compre
ssor 


isentropi
c 


efficienc
y 


Compre
ssor 


volumetr
ic 


efficienc
y 


Dischar
ge line 


tempera
ture 
drop 


Conden
sing 


tempera
ture 


Conden
ser 


subcool
ing 


Conde
nser 


saturati
on 


temp. 
drop 


EE
R 


Capac
ity 


Syste
m 


power 


°C °C °C °C m3/s - - °C °C °C °C - kW kW 


R1234ze(
E) 


Air-water 


Scroll 


Screw 
A/C 30 4.0 5.0 0.5 0.17684 0.75 0.95 5.0 40.0 5.0 1.0 


4.7
3 


315.6 66.69 


R1234ze(
E) 


Air-water 


Scroll 


Screw 
A/C 35 4.0 5.0 0.5 0.17684 0.73 0.95 5.0 45.0 5.0 1.0 


3.9
4 


300.0 76.11 


R1234ze(
E) 


Air-water 


Scroll 


Screw 
A/C 40 4.0 5.0 0.5 0.17684 0.71 0.95 5.0 50.0 5.0 1.0 


3.3
1 


284.2 85.74 
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R1234ze(
E) 


Air-water 


Scroll 


Screw 
A/C 45 4.0 5.0 0.5 0.17684 0.69 0.95 5.0 55.0 5.0 1.0 


2.8
0 


268.1 95.62 


R290 


Air-water 


Scroll 


Screw 
A/C 30 4.0 5.0 0.5 0.09948 0.75 0.95 5.0 40.0 5.0 1.0 


4.6
5 


315.1 67.77 


R290 


Air-water 


Scroll 


Screw 
A/C 35 4.0 5.0 0.5 0.09948 0.73 0.95 5.0 45.0 5.0 1.0 


3.8
7 


300.0 77.51 


R290 


Air-water 


Scroll 


Screw 
A/C 40 4.0 5.0 0.5 0.09948 0.71 0.95 5.0 50.0 5.0 1.0 


3.2
5 


284.6 87.51 


R290 


Air-water 


Scroll 


Screw 
A/C 45 4.0 5.0 0.5 0.09948 0.69 0.95 5.0 55.0 5.0 1.0 


2.7
5 


268.8 97.81 


R1234ze(
E) 


Water-
water 


Scroll 


Screw 
A/C 30 4.0 5.0 0.5 0.1685 0.76 0.95 5.0 35.0 5.0 0.5 


5.7
0 


314.7 55.20 


R1234ze(
E) 


Water-
water 


Scroll 


Screw 
A/C 35 4.0 5.0 0.5 0.1685 0.74 0.95 5.0 40.0 5.0 0.5 


4.6
8 


300.0 64.12 


R1234ze(
E) 


Water-
water 


Scroll 


Screw 
A/C 40 4.0 5.0 0.5 0.1685 0.72 0.95 5.0 45.0 5.0 0.5 


3.8
9 


285.1 73.25 


R1234ze(
E) 


Water-
water 


Scroll 


Screw 
A/C 45 4.0 5.0 0.5 0.1685 0.70 0.95 5.0 50.0 5.0 0.5 


3.2
7 


270.0 82.59 


R290 


Water-
water 


Scroll 


Screw 
A/C 30 4.0 5.0 0.5 0.09493 0.76 0.95 5.0 35.0 5.0 0.5 


5.6
0 


314.1 56.05 
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R290 


Water-
water 


Scroll 


Screw 
A/C 35 4.0 5.0 0.5 0.09493 0.74 0.95 5.0 40.0 5.0 0.5 


4.6
0 


300.0 65.25 


R290 


Water-
water 


Scroll 


Screw 
A/C 40 4.0 5.0 0.5 0.09493 0.72 0.95 5.0 45.0 5.0 0.5 


3.8
2 


285.6 74.69 


R290 


Water-
water 


Scroll 


Screw 
A/C 45 4.0 5.0 0.5 0.09493 0.70 0.95 5.0 50.0 5.0 0.5 


3.2
1 


270.8 84.40 


Table 1.14 – Medium chiller A/C cycle parameters (Centrifugal compressors) 


Refrigera
nt 


Compre
ssor 
types 


Operat
ing 


mode 


Outdoor 
air 


tempera
ture 


Evapora
tion 


tempera
ture 


Compre
ssor 


suction 
superhe


at 


Evapor
ator 


saturati
on 


temp. 
drop 


Compres
sor 


displace
ment 


Compre
ssor 


isentropi
c 


efficienc
y 


Compre
ssor 


volumetr
ic 


efficienc
y 


Dischar
ge line 


tempera
ture 
drop 


Conden
sing 


tempera
ture 


Conden
ser 


subcool
ing 


Conde
nser 


saturati
on 


temp. 
drop 


EE
R 


Capac
ity 


Syste
m 


power 


°C °C °C °C m3/s - - °C °C °C °C - kW kW 


R1234ze(
E) 


Water-
water 


Centrifu
gal 


A/C 30 4.0 5.0 0.5 0.1685 0.85 0.95 5.0 35.0 5.0 0.5 
6.3
4 


314.7 49.62 


R1234ze(
E) 


Water-
water 


Centrifu
gal 


A/C 35 4.0 5.0 0.5 0.1685 0.83 0.95 5.0 40.0 5.0 0.5 
5.2
2 


300.0 57.44 


R1234ze(
E) 


Water-
water 


Centrifu
gal 


A/C 40 4.0 5.0 0.5 0.1685 0.81 0.95 5.0 45.0 5.0 0.5 
4.3
6 


285.1 65.39 


R1234ze(
E) 


Centrifu
gal 


A/C 45 4.0 5.0 0.5 0.1685 0.79 0.95 5.0 50.0 5.0 0.5 
3.6
8 


270.0 73.47 
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Water-
water 


 


Table 1.15 and Table 1.16 show the cycle parameters for the medium H/P chillers with scroll/screw and centrifugal compressors, respectively. The 
only difference between this data and the small H/P chillers is the higher capacity and extra power of 2.5 kW.  


Table 1.15 – Medium chiller H/P cycle parameters (Scroll/Screw) 


Refrigera
nt 


Compre
ssor 
types 


Operat
ing 


mode 


Outdoor 
air 


tempera
ture 


Evapora
tion 


tempera
ture 


Compre
ssor 


suction 
superhe


at 


Evapor
ator 


saturati
on 


temp. 
drop 


Compres
sor 


displace
ment 


Compre
ssor 


isentropi
c 


efficienc
y 


Compre
ssor 


volumetr
ic 


efficienc
y 


Dischar
ge line 


tempera
ture 
drop 


Conden
sing 


tempera
ture 


Conden
ser 


subcool
ing 


Conde
nser 


saturati
on 


temp. 
drop 


EE
R 


Capac
ity 


Syste
m 


power 


°C °C °C °C m3/s - - °C °C °C °C - kW kW 


R1234ze(
E) 


Air-water 


Scroll 


Screw 
H/P 8.3 2.3 5.0 1.0 0.14926 0.75 0.95 5.0 40.0 5.0 0.5 


5.3
6 


300.0 55.94 


R1234ze(
E) 


Air-water 


Scroll 


Screw 
H/P 1.7 -4.3 5.0 1.0 0.14926 0.70 0.95 5.0 40.0 5.0 0.5 


4.2
7 


242.6 56.85 


R1234ze(
E) 


Air-water 


Scroll 


Screw 
H/P -8.3 -14.3 5.0 1.0 0.14926 0.60 0.95 5.0 40.0 5.0 0.5 


3.2
4 


173.0 53.34 


R1234ze(
E) 


Air-water 


Scroll 


Screw 
H/P -15 -21 5.0 1.0 0.14926 0.55 0.95 5.0 40.0 5.0 0.5 


2.7
2 


138.1 50.84 


R290 


Air-water 


Scroll 


Screw 
H/P 8.3 2.3 5.0 1.0 0.08281 0.75 0.95 5.0 40.0 5.0 0.5 


5.2
9 


300.0 56.71 


R290 


Air-water 


Scroll 


Screw 
H/P 1.7 -4.3 5.0 1.0 0.08281 0.70 0.95 5.0 40.0 5.0 0.5 


4.2
3 


254.0 59.98 


R290 Scroll H/P -8.3 -14.3 5.0 1.0 0.08281 0.60 0.95 5.0 40.0 5.0 0.5 
3.2
5 


195.3 60.13 
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Air-water Screw 


R290 


Air-water 


Scroll 


Screw 
H/P -15 -21 5.0 1.0 0.08281 0.55 0.95 5.0 40.0 5.0 0.5 


2.7
4 


164.6 60.17 


R1234ze(
E) 


Water-
water 


Scroll 


Screw 
H/P 


-15 to 
8.3 


4.0 5.0 0.5 0.14042 0.76 0.95 5.0 40.0 5.0 0.5 
5.7
1 


300.0 52.50 


R290 


Water-
water 


Scroll 


Screw 
H/P 


-15 to 
8.3 


4.0 5.0 0.5 0.07887 0.76 0.95 5.0 40.0 5.0 0.5 
5.6
3 


300.0 53.26 


Table 1.16 – Medium chiller H/P cycle parameters (Centrifugal compressors) 


Refrigera
nt 


Compre
ssor 
types 


Operat
ing 


mode 


Outdoor 
air 


tempera
ture 


Evapora
tion 


tempera
ture 


Compre
ssor 


suction 
superhe


at 


Evapor
ator 


saturati
on 


temp. 
drop 


Compres
sor 


displace
ment 


Compre
ssor 


isentropi
c 


efficienc
y 


Compre
ssor 


volumetr
ic 


efficienc
y 


Dischar
ge line 


tempera
ture 
drop 


Conden
sing 


tempera
ture 


Conden
ser 


subcool
ing 


Conde
nser 


saturati
on 


temp. 
drop 


EE
R 


Capac
ity 


Syste
m 


power 


°C °C °C °C m3/s - - °C °C °C °C - kW kW 


R1234ze(
E) 


Water-
water 


Centrifu
gal 


H/P 
-15 to 
8.3 


4.0 5.0 0.5 0.14295 0.85 0.95 5.0 40.0 5.0 0.5 
6.2
5 


300.0 48.01 


 


Table 1.17 and  Table 1.18 show the cycle parameters for the large A/C chillers with scroll/screw and centrifugal compressors, respectively. 
Ammonia generally uses reciprocating and screw compressors, so centrifugal compressors were only considered for R1234ze(E). The extra power 
for large chillers was assumed to be 6 kW. 


Table 1.17 – Large chiller A/C cycle parameters (Scroll/Screw compressors) 


Refrigera
nt 


Compre
ssor 
types 


Operat
ing 


mode 


Outdoor 
air 


tempera
ture 


Evapora
tion 


tempera
ture 


Compre
ssor 


suction 
superhe


at 


Evapor
ator 


saturati
on 


Compres
sor 


displace
ment 


Compre
ssor 


isentropi
c 


Compre
ssor 


volumetr
ic 


Dischar
ge line 


tempera
ture 
drop 


Conden
sing 


tempera
ture 


Conden
ser 


subcool
ing 


Conde
nser 


saturati
on 


EE
R 


Capac
ity 


Syste
m 


power 
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temp. 
drop 


efficienc
y 


efficienc
y 


temp. 
drop 


°C °C °C °C m3/s - - °C °C °C °C - kW kW 


R1234ze(
E) 


Water-
water 


Scroll 


Screw 
A/C 30 4.0 5.0 0.5 0.44211 0.75 0.95 5.0 40.0 5.0 1.0 


5.1
1 


789.06 154.40 


R1234ze(
E) 


Water-
water 


Scroll 


Screw 
A/C 35 4.0 5.0 0.5 0.44211 0.70 0.95 5.0 45.0 5.0 1.0 


4.2
3 


750.01 179.52 


R1234ze(
E) 


Water-
water 


Scroll 


Screw 
A/C 40 4.0 5.0 0.5 0.44211 0.60 0.95 5.0 50.0 5.0 1.0 


3.5
5 


710.41 206.08 


R1234ze(
E) 


Water-
water 


Scroll 


Screw 
A/C 45 4.0 5.0 0.5 0.44211 0.55 0.95 5.0 55.0 5.0 1.0 


3.0
0 


670.22 234.35 


R717 


Air-water 


Scroll 


Screw 
A/C 30 4.0 5.0 0.5 0.18815 0.75 0.95 5.0 40.0 5.0 1.0 


4.8
7 


766.86 157.31 


R717 


Air-water 


Scroll 


Screw 
A/C 35 4.0 5.0 0.5 0.18815 0.70 0.95 5.0 45.0 5.0 1.0 


4.1
0 


750.01 182.90 


R717 


Air-water 


Scroll 


Screw 
A/C 40 4.0 5.0 0.5 0.18815 0.60 0.95 5.0 50.0 5.0 1.0 


3.4
9 


732.99 209.80 


R717 


Air-water 


Scroll 


Screw 
A/C 45 4.0 5.0 0.5 0.18815 0.55 0.95 5.0 55.0 5.0 1.0 


3.0
1 


715.76 238.13 


R1234ze(
E) 


Water-
water 


Scroll 


Screw 
A/C 30 4.0 5.0 0.5 0.42126 0.76 0.95 5.0 35.0 5.0 0.5 


5.7
1 


786.76 137.76 
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R1234ze(
E) 


Water-
water 


Scroll 


Screw 
A/C 35 4.0 5.0 0.5 0.42126 0.74 0.95 5.0 40.0 5.0 0.5 


4.6
9 


750.00 160.06 


R1234ze(
E) 


Water-
water 


Scroll 


Screw 
A/C 40 4.0 5.0 0.5 0.42126 0.72 0.95 5.0 45.0 5.0 0.5 


3.9
0 


712.76 182.87 


R1234ze(
E) 


Water-
water 


Scroll 


Screw 
A/C 45 4.0 5.0 0.5 0.42126 0.70 0.95 5.0 50.0 5.0 0.5 


3.2
7 


675.01 206.23 


R717 


Water-
water 


Scroll 


Screw 
A/C 30 4.0 5.0 0.5 0.18422 0.76 0.95 5.0 35.0 5.0 0.5 


5.6
6 


766.35 135.29 


R717 


Water-
water 


Scroll 


Screw 
A/C 35 4.0 5.0 0.5 0.18422 0.74 0.95 5.0 40.0 5.0 0.5 


4.7
0 


750.02 159.63 


R717 


Water-
water 


Scroll 


Screw 
A/C 40 4.0 5.0 0.5 0.18422 0.72 0.95 5.0 45.0 5.0 0.5 


3.9
6 


733.52 185.24 


R717 


Water-
water 


Scroll 


Screw 
A/C 45 4.0 5.0 0.5 0.18422 0.70 0.95 5.0 50.0 5.0 0.5 


3.3
8 


716.84 212.20 


Table 1.18 – Large chiller A/C cycle parameters (Centrifugal compressors) 


Refrigera
nt 


Compre
ssor 
types 


Operat
ing 


mode 


Outdoor 
air 


tempera
ture 


Evapora
tion 


tempera
ture 


Compre
ssor 


suction 
superhe


at 


Evapor
ator 


saturati
on 


temp. 
drop 


Compres
sor 


displace
ment 


Compre
ssor 


isentropi
c 


efficienc
y 


Compre
ssor 


volumetr
ic 


efficienc
y 


Dischar
ge line 


tempera
ture 
drop 


Conden
sing 


tempera
ture 


Conden
ser 


subcool
ing 


Conde
nser 


saturati
on 


temp. 
drop 


EE
R 


Capac
ity 


Syste
m 


power 


°C °C °C °C m3/s - - °C °C °C °C - kW kW 
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R1234ze(
E) 


Water-
water 


Centrifu
gal 


A/C 30 4.0 5.0 0.5 0.42126 0.85 0.95 5.0 35.0 5.0 0.5 
6.3
5 


786.76 123.81 


R1234ze(
E) 


Water-
water 


Centrifu
gal 


A/C 35 4.0 5.0 0.5 0.42126 0.83 0.95 5.0 40.0 5.0 0.5 
5.2
3 


750.00 143.36 


R1234ze(
E) 


Water-
water 


Centrifu
gal 


A/C 40 4.0 5.0 0.5 0.42126 0.81 0.95 5.0 45.0 5.0 0.5 
4.3
7 


712.76 163.22 


R1234ze(
E) 


Water-
water 


Centrifu
gal 


A/C 45 4.0 5.0 0.5 0.42126 0.79 0.95 5.0 50.0 5.0 0.5 
3.6
8 


675.01 183.42 


Table 1.19 and Table 1.20 show the cycle parameters for the medium H/P chillers with scroll/screw and centrifugal compressors, respectively. 


Table 1.19 – Large chiller H/P cycle parameters (Scroll/Screw) 


Refrigera
nt 


Compre
ssor 
types 


Operat
ing 


mode 


Outdoor 
air 


tempera
ture 


Evapora
tion 


tempera
ture 


Compre
ssor 


suction 
superhe


at 


Evapor
ator 


saturati
on 


temp. 
drop 


Compres
sor 


displace
ment 


Compre
ssor 


isentropi
c 


efficienc
y 


Compre
ssor 


volumetr
ic 


efficienc
y 


Dischar
ge line 


tempera
ture 
drop 


Conden
sing 


tempera
ture 


Conden
ser 


subcool
ing 


Conde
nser 


saturati
on 


temp. 
drop 


EE
R 


Capac
ity 


Syste
m 


power 


°C °C °C °C m3/s - - °C °C °C °C - kW kW 


R1234ze(
E) 


Air-water 


Scroll 


Screw 
H/P 8.3 2.3 5.0 1.0 0.37315 0.75 0.95 5.0 40.0 5.0 0.5 


5.3
7 


749.99 139.61 


R1234ze(
E) 


Air-water 


Scroll 


Screw 
H/P 1.7 -4.3 5.0 1.0 0.37315 0.70 0.95 5.0 40.0 5.0 0.5 


4.2
7 


606.48 141.88 
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R1234ze(
E) 


Air-water 


Scroll 


Screw 
H/P -8.3 -14.3 5.0 1.0 0.37315 0.65 0.95 5.0 40.0 5.0 0.5 


3.2
5 


432.53 133.10 


R1234ze(
E) 


Air-water 


Scroll 


Screw 
H/P -15 -21 5.0 1.0 0.37315 0.60 0.95 5.0 40.0 5.0 0.5 


2.7
2 


345.15 126.84 


R717 


Air-water 


Scroll 


Screw 
H/P 8.3 2.3 5.0 1.0 0.16234 0.75 0.95 5.0 40.0 5.0 0.5 


5.3
9 


750.01 139.21 


R717 


Air-water 


Scroll 


Screw 
H/P 1.7 -4.3 5.0 1.0 0.16234 0.70 0.95 5.0 40.0 5.0 0.5 


4.3
1 


620.33 143.87 


R717 


Air-water 


Scroll 


Screw 
H/P -8.3 -14.3 5.0 1.0 0.16234 0.65 0.95 5.0 40.0 5.0 0.5 


3.3
0 


457.79 138.56 


R717 


Air-water 


Scroll 


Screw 
H/P -15 -21 5.0 1.0 0.16234 0.60 0.95 5.0 40.0 5.0 0.5 


2.7
8 


373.80 134.49 


R1234ze(
E) 


Water-
water 


Scroll 


Screw 
H/P 


-15 to 
8.3 


4.0 5.0 0.5 0.35105 0.76 0.95 5.0 40.0 5.0 0.5 
6.0
2 


750.01 124.60 


R717 


Water-
water 


Scroll 


Screw 
H/P 


-15 to 
8.3 


4.0 5.0 0.5 0.15358 0.76 0.95 5.0 40.0 5.0 0.5 
5.7
4 


749.98 130.71 


Table 1.20 – Large chiller H/P cycle parameters (Centrifugal compressors) 


Refrigera
nt 


Compre
ssor 
types 


Operat
ing 


mode 


Outdoor 
air 


tempera
ture 


Evapora
tion 


tempera
ture 


Compre
ssor 


suction 
superhe


at 


Evapor
ator 


saturati
on 


temp. 
drop 


Compres
sor 


displace
ment 


Compre
ssor 


isentropi
c 


efficienc
y 


Compre
ssor 


volumetr
ic 


efficienc
y 


Dischar
ge line 


tempera
ture 
drop 


Conden
sing 


tempera
ture 


Conden
ser 


subcool
ing 


Conde
nser 


saturati
on 


temp. 
drop 


EE
R 


Capac
ity 


Syste
m 


power 


°C °C °C °C m3/s - - °C °C °C °C - kW kW 
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R1234ze(
E) 


Water-
water 


Centrifu
gal 


H/P 
-15 to 
8.3 


4.0 5.0 0.5 0.35735 0.85 0.95 5.0 40.0 5.0 0.5 
6.4
9 


750.0 115.50 


 


 


 


 







 


42 
 


5. Results and Discussions 


Table 1.21 shows the total energy consumption, electricity costs and CO2 emissions for both the HFC/HFO 
and NIK refrigerants. The results for CO2 avoidance and electricity cost reduction over 20 years comparing 


HFC/HFO refrigerants and NIK solutions are shown in Figure 1.1. The results are also presented in Table 


1.22. Every sector, except for the small chillers, shows both a reduction in CO2 emissions and electricity 
cost. The main contributor is the light commercial heat pump sector with values inflated by the installation 
numbers which are projected to increase significantly with the replacement of gas furnaces/boilers. 


Table 1.21 – Total energy consumption, electricity costs and CO2 emissions for HFO refrigerants 
vs. NIK alternatives over a 20-year period 


Commercial sector 


Annualized Energy 
Consumption 


Total Electricity 
Cost Lifetime 
(0.15 €/kWh) 


Total Electricity 
Cost Lifetime 
(0.49 €/kWh) 


Lifetime CO2 
Emissions 


GWh Billion € Billion € Mt 


HFC/HF
O 


NIK 
HFC/HF


O 
NIK 


HFC/H
FO 


NIK 
HFC/H


FO 
NIK 


Light Commercial 
A/C 


189615 225298 28.4 33.8 92.9 110.4 81.7 96.9 


Light Commercial 
H/P 


1980247 2031261 297.0 
304.


7 
970.3 995.3 855.7 873.5 


Small Chillers A/C 14520 14760 2.2 2.2 7.1 7.2 6.3 6.4 


Small Chillers H/P 241379 241353 36.2 36.2 118.3 118.3 103.8 103.8 


Medium Chillers A/C 81024 89407 12.2 13.4 39.7 43.8 35.0 38.5 


Medium Chillers H/P 1693292 1724383 254.0 
258.


7 
829.7 844.9 728.2 741.5 


Large Chillers A/C 208237 219942 31.2 33.0 102.0 107.8 90.0 94.7 


Large Chiller H/P 61025 61176 9.2 9.2 29.9 30.0 26.2 26.3 


Total 4469339 4607580 670.4 
691.


2 
2189.9 2257.7 1926.9 1981.6 


 


 


Figure 1.1 - CO2 avoidance and electricity cost savings of HFC/HFO refrigerants vs. NIK 
alternatives over a 20-year period 
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Table 1.22 – CO2 avoidance energy savings and electricity cost savings of HFC/HFO refrigerants 
vs. NIK alternatives over a 20-year period 


Commercial sector 


eCO2 
avoidance 


Energy Savings 
Electricity Cost 
Savings (0.15 


€/kWh) 


Electricity Cost 
Savings (0.49 


€/kWh) 


Mt GWh Billion € Billion € 


Light Commercial A/C 15.25 35684 5.35 17.48 


Light Commercial H/P 17.79 51014 7.65 25.00 


Small Chillers A/C 0.09 240 0.04 0.12 


Small Chillers H/P -0.03 -26 0.00 -0.01 


Medium Chillers A/C 3.52 8382 1.26 4.11 


Medium Chillers H/P 13.32 31090 4.66 15.23 


Large Chillers A/C 4.65 11706 1.76 5.74 


Large Chiller H/P 0.06 152 0.02 0.07 


Total commercial sector 54.66 138242 20.74 67.74 


 


The only sector where R290 shows lower emissions and power consumption is for the small chillers. The 
main reason is in this specific sector both systems use a basic A/C-H/P cycle with a scroll compressor, 
condenser, expansion device and evaporator. For this specific case R290 can outperform R1234ze(E), 
especially in low temperature heating conditions (<-5°C). If the small chillers were to use more sophisticated 
cycle architectures, such as an economizer with two-stage compression, R1234ze(E) would outperform 
R290. Another possible HFO solution for small H/P chillers would be R455A with IHX which should also 
outperform R290. For medium and large chillers, the HFO solutions can outperform R290 and R717 
because of the higher isentropic efficiencies from centrifugal R1234ze(E) compressors. 


R290 and R717 still have safety concerns in these large capacity applications with high charges that will 
require strict safety guidelines in order to prevent any fatal accidents, while R1234ze(E) with its A2L 
classification, per ASHRAE 34, would not have as severe safety requirements and could have overall lower 
capital and operational costs. 


6. Conclusions 


This investigation showed that by using HFO refrigerants it’s possible to significantly reduce CO2 emissions 
and energy consumption of the commercial A/C and H/P sector when compared to completely migrating to 
NIK solutions, such as R290 and R717. The analysis used performance parameters that agreed with 
literature and catalog data. 


Most sectors showed a reduction in emissions and energy consumption, except for the small chillers, where 
R290 and R1234ze perform very similarly with a slight edge to R290 in heat pump due to its better 
properties at low ambient temperatures. 


Overall, by allowing the use of HFO refrigerants it’s possible to avoid 54.66 million tons of eCO2 emissions 
and save 20.74 to 67.74 billion euros over a span of 20 years. 


This analysis assumed the current technologies for HFC/HFO refrigerants, which haven’t been as 
thoroughly researched as the NIK solutions, R290 and R717. Section 2d includes a brief statement on the 
future technologies that could improve efficiency and capacity for HFC/HFO refrigerants. 
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Gore appreciates the opportunity offered by the public consultation process to provide 
comments on the Proposal for a Restriction of Per- and polyfluoroalkyl substances (PFAS) 
(hereinafter ’Restriction Proposal’).  


A 13.5 year derogation for membranes used for venting of medical devices is currently 
proposed for reconsideration in paragraph 5cc. With this statement, Gore will provide 
information to support a non-time limited derogation. 


 


The conclusions from our statement are summarized as follows: 


▪ Venting applications in non-implantable medical devices would benefit from a more 
comprehensive analysis in the restriction proposal, which would allow for a better 
understanding of their critical functionality. 


▪ It would be beneficial to include a discussion on the availability of alternatives for 
membranes that enable venting (pressure equalisation) in the context of medical 
devices.   


▪ No alternative is currently available for membranes that enable venting (including after 
incidental fluid contact) while containing low surface tension liquids, such as bodily 
fluids, drug mixtures, and chemicals.  


▪ Without a derogation, non-implantable medical devices that vent, filter, and protect 
must use materials that will not be capable of performing their required functions under 
all conditions. This would decrease rapid disease diagnosis, effective patient 
treatments, and patient quality of life. 


I. Derogation Request 
Considering the arguments and evidence presented below, Gore respectfully requests a 
non-time limited derogation for membranes used for venting of medical devices (currently 
under consideration for a 13.5-year derogation in Column 2, paragraph 5.cc of the 
Restriction Proposal).  


II. Brief Description of the End Use 
Reliable and consistent operation of non-implantable medical and diagnostic devices is 
critical to maintain patient comfort, as well as device safety, efficacy, and diagnostic 
accuracy. Vents in medical devices are designed to enable venting and pressure 
equalisation while containing liquids. In numerous healthcare equipment applications, 
venting and filtration capabilities are critical to the successful operation of the equipment. 
In demanding applications, effective venting requires high gas permeability. It is the gas 
permeability of the media that enables high airflow and fast pressure equalisation. Many of 
the medical device venting applications also require containment or management of 
challenging liquids that can be hazardous and readily wet out and leak through 
conventional materials (e.g., blood and body fluids or various drugs including cytotoxic 
chemotherapeutics). The combination of needs for high gas permeability, high liquid 
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retention and high particle and/or microbial resistance requires advanced materials like 
fluoropolymers. 


Fluoropolymer-membrane-enabled media is used to vent, filter, and protect non-
implantable medical devices such as hearing instruments, ostomy bags, haemodialysis 
equipment, and intravenous (IV) infusions sets increasing device reliability and patient 
quality of life. 


An additional use category includes rapid diagnostic devices. These include Point of Care 
diagnostics that utilize microfluidic approaches to prepare, mix, expose, amplify, and 
measure to achieve an accurate diagnosis. Poor venting causes bubbles or poor fluid 
movement that impact result accuracy. There are also vented lab-based diagnostic devices 
which help automate the preparation, staining, cytology, and assay analysis of tissue 
samples (i.e. oncology). These devices are used to test for infectious disease, genetic 
testing, and cancer screening.   


Gore confirms that we manufacture products that are in the same sub-use as the example 
used by the DSs to describe the applications of the derogation, namely: 


“Fluoropolymer-based membranes with fluorinated sidechain polymer coatings used for 
(sterile) venting of medical devices, for example cell culture devices, analytical devices, 
blood tube systems for dialyzer systems, and tube systems for eye surgery”. 


To clearly define the applications that should fall under the proposed derogation, we 
provide below a detailed description of the product and its reliance on PFAS. The product 
example is a Gore product, as details of comparable products manufactured by other 
companies are not publicly available. We believe that this product is representative of 
products manufactured in and placed on the EU market by other companies.   


 


Table 1. Vents used in Non-implantable Medical Devices 


Product Illustration Description 


GORE® Microfiltration 


Media (Vents) for 


Medical Devices 


 


Fluoropolymer membrane enabled media used to 


vent, filter, and protect non-implantable medical 


devices such as hearing instruments, ostomy bags, 


haemodialysis equipment, and IV infusions sets, 


increasing device reliability and patient comfort1.  


 
These vents are made of fluoropolymers and other PFASs with at least 99% of the PFAS 
volume meeting the criteria for Polymers of Low Concern (PLCs), under the definition 


 
1 Gore (2021). GORE® Microfiltration Media for Medical Devices. Available at: https://www.gore.com/products/gore-microfiltration-
media-for-medical-devices  



https://www.gore.com/products/gore-microfiltration-media-for-medical-devices

https://www.gore.com/products/gore-microfiltration-media-for-medical-devices
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provided by the OECD Expert Group on Polymers. 


 


 


 


III. Reference in the Restriction Proposal 


1. Clarification of scope 


Gore recognizes that the use of PFAS in medical device applications and the membranes 
used for venting of medical devices sub-use was researched in detail by the Dossier 
Submitters (DSs) as presented in Annex A Table A.1, page 5 and section A.3.10.1.12. 
Furthermore, Gore agrees with the assessment in Annex A, Section A.3.10.3, page 91 that 
the following are critical for medical device applications: 


- bio-inertness 


- flexibility 


- resistance to solvents 


- ability to withstand aggressive sterilization procedures 


- chemical and temperature resistance 


However, the inherent material surface energy enables membranes used for venting of 
medical devices to contain low surface tension liquids, such as bodily fluids, drug mixtures, 
and chemicals, and allows venting across the membrane. In addition, Gore will share 
evidence that alternative materials cannot perform this function under common demanding 
conditions.  


2. Alternative assessment 


The alternatives discussion in Annex E (Section E.2.9.2.1, page 322) is limited and cites one 
stakeholder claiming that technically feasible alternatives are not available. The lack of any 
other meaningful information resulted in the DSs concluding that the evidence is weak that 
technically and economically feasible alternatives are not generally available for the 
quantities required and that the substitution potential is uncertain. Gore agrees with the 
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cited stakeholder and observes that, despite the inherent incentive to find less expensive 
alternatives to these high-cost materials2, no viable alternatives have been identified.  


IV. Need and Justification for Derogation 
 
Without a derogation, non-implantable medical devices that vent, filter, and protect would 
need to use materials that are not capable of fully performing the required functions under 
typical use conditions. This would decrease the reliability and availability for devices that 
provide rapid disease diagnosis, effective patient treatments, and improved patient quality 
of life. We propose that a derogation is justified based on the following points: 


▪ The performance requirements for vents used in medical devices 


▪ The lack of availability of alternatives that would provide the required level of 
performance  


▪ The time required for research and development to investigate and evaluate 
potential alternative materials, and if a feasible alternative is identified, the time 
required to identify develop, test, and commercialize vents for a diverse set of 
medical devices 


▪ The extremely low volume of PFAS needed for this application in comparison to the 
large socio-economic cost of restricting the use 


1. Performance and Material Property Requirements 


Medical Device Venting applications require the vent material to contain liquids (including 
both splash protection and while under liquid pressure) while allowing airflow. This allows 
pressure equalisation and, at the same time, prevents leakage and/or contamination 
depending on the specific device. Fluids in these applications include bodily fluids, drug 
mixtures, and chemicals (i.e. IPA, Thiodiglycol, Polyethylene Glycol, Ethanol, Intralipids, 
etc). Many of these fluids are low surface tension fluids with the ability to spread over 
surfaces easily (alcohol solutions, fats, diagnostic assays, chemotherapy solutions, 
surfactants, exudates, etc). 


a. Microporous Structure – Ability to Equalise Pressure  


The pressure equalisation (airflow) capability of a membrane is determined by multiple 
factors of which porosity has a large impact. With all other variables fixed, large pores allow 
more airflow than small ones. At an extreme, a completely non-porous membrane (e.g. 
having no openings or holes such as a solid sheet) would have no airflow but perfect liquid 
retention. However, this approach does not provide the needed pressure equalisation to 
function as a vent in a medical device. 


 
  


 
2 The Restriction Dossier refers multiple times to higher costs of fluoropolymers (Annex E, page 285, 390, 444, 
458, 504, ...) 
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The membranes which are used in these vents for pressure equalisation need to be thin and 
low-mass with mechanical properties and a porous microstructure that enable optimal 
transmission of air or other gases while also preventing leakage of the contained fluid 
and/or ingress from liquids on the outside as well as other potential contaminants.   
 
The permeation properties enable the vent structure to rapidly equalise pressure changes or 
allow gas bubbles to be evacuated from a liquid reagent stream. This is especially 
important in drug preparation and diagnostics applications. Figure 1 below demonstrates 
how vents maintain performance.   
 


            
 


Figure 1. Drug Preparation (left) and Diagnostics (right) 


In other applications, the vent is intermittently in contact with a liquid. In these cases, the 
vent must be able to rapidly recover its ability to equalise pressure and allow gases to pass 
through the vent. Exposure Recovery (also known as airflow recovery) testing is done to 
assess the ability of a vent to regain venting performance after exposure to a fluid that 
temporarily inhibits it. 


b. Hydrophobicity and Oleophobicity - Barrier to liquids  


For a microporous material to be an effective liquid barrier, its surface energy must be 
sufficiently low that there is not partial or full wetting from the liquid. A comparative 
visualization of no “wet-out” vs full wetting can be seen below in Figure 2. When a liquid 
wets out a microporous membrane, it does not just sit on the surface, but penetrates into 
the pores, blocks airflow and allows the liquid to leak through the membrane. An example 
of a wetted material in shown in Figure 2b. In contrast, Figure 2a shows liquid resting on the 
surface of the membrane and not penetrating into the pores. This is due to the relatively low 
surface energy of the membrane compared to the surface tension of the liquid. 
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(2a)       (2b) 


      
Figure 2. No Wetting (a) and Full Wetting (b) 


 
A key material property that dictates performance in such an application is its inherent 
surface energy, since the ability to repel liquids is dependent on surface energy. Surface 
energy is a material property typically used to characterize hydrophobicity (repels water) 
and oleophobicity (repels water and oils). The lower the surface energy, the more 
hydrophobic a material is. An extension of hydrophobicity is oleophobicity, which requires 
even lower surface energy, and enables non-wetting properties with lower surface tension 
fluids. 


Surface energy is assessed using surrogate test fluids for the fluids (blood, fats, etc.) 
typically used in the medical applications relevant to this derogation. Figure 3 below 
outlines the ranges of surface tension for these fluids. 


 
Figure 3. Surface Energy of Application Fluids and Surrogate Test Fluids 
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Examples of demanding low surface tension fluids  are 
evident in pharmaceutical, chemotherapy and diagnostics applications where devices in 
contact with these substances need to maintain liquid retention, airflow performance, and 
hemical resistance. These fluids commonly have surface tensions from 28 to 40 dynes/cm.3  


Liquid barrier performance of material in a venting application can be empirically quantified 
using Liquid Entry Pressure (LEP), which is the minimum pressure required for a target liquid 
to penetrate the pores of the membrane and create a “leak path”. This is especially 
important with higher pressure applications, such as IV Drug Infusion, where liquids such 
as chemotherapy drugs are forced into contact with the membrane to remove air bubbles. 
Air bubbles injected during IV infusion may reduce therapy effectiveness, increase infusion 
time, or increase risk of adverse events. If these chemotherapy fluids have a lower LEP and 
leak, they may be hazardous to clinicians and patients. 


c. Chemical resistance and Biocompatibility – Durability in challenging conditions 


Depending on the specific end use, there are often stringent requirements which include 
chemical resistance and applicable biological evaluation tests described in BS EN ISO 
10993-4, -5, -10, -11, and -23 as relevant for medical devices. These requirements 
eliminate many alternatives from consideration. For the purposes of this derogation 
request, we will focus on the primary functionality of a vent which is sufficient to highlight 
the lack of alternatives to fluoropolymers and other PFAS in this application. 


2. Availability of Alternatives  


a. Hydrophobicity and Oleophobicity  


Surface energy is a material property which determines its hydrophobicity and 
oleophobicity. It is a predictor of material suitability for medical device vents. The lower the 
surface energy, as described by a lower critical surface tension and a higher contact angle 
with water, the more hydrophobic the polymer - the more it inherently resists water, water 
borne contaminants, and complex fluids (i.e. oily mixtures). Table 2 contains typical surface 
energy values for common polymers with some fluoropolymers highlighted in yellow. 


 


  


 
3 Dynes/cm are equivalent to nM/m and will be used interchangeably in this document. 
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Table 2. Critical Surface Tension and Contact Angle with Water for Various Polymers4 
 


 
 


PTFE is naturally hydrophobic and has a surface energy of 18-19 dynes/cm. This allows it to 
easily repel fluids with surface tensions similar to water (about 70-75 dynes/cm), but also 
liquids that are relevant to demanding medical device applications with lower surface 
tensions (commonly 28 dynes/cm or lower). In Table 4 above, Natural rubber and PDMS, 
while both have relatively low surface energy, cannot be made into microporous 
membranes, and are therefore not suitable or relevant for venting applications in medical 
devices. Only fluoropolymers have both sufficiently low surface energy and the ability to be 
made into durable microporous membranes for these demanding applications. 


 
Gore test results for Surface Energy and Wetting 
The graph below (Figure 4) shows the relationship between Contact Angle and Surface 
Tension for PTFE (line drawn through circular points) compared to 


 (line drawn through triangular points). The downward shift 
of the curve predicts a worse performance of the alternate material leading to an inability to 


 
4 https://www.tstar.com/blog/bid/33845/surface-energy-of-plastics 
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contain the application liquid at application pressures. This will not only lead to liquid 
breakthrough, but also reduced or eliminated venting performance. 


Figure 4. Contact Angle vs. Surface Tension 


 
To “off-set” this downward shift, other parameters in the model equation shown in 
Figure 7 would have to change. There are no known changes in pore size, pore structure, 
etc. that would adequately compensate the downward shift in this example which has 
relatively low surface energy for a non-fluorinated polymer.  


A variety of surrogate fluids were investigated to test the full range of surface tensions. 
The graph below (Figure 5) shows the relationship of surface tension (gold line) to the 
contact angle on various materials. This relationship trend is consistent on all three 
materials shown below 


.  
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Figure 5. Contact angle depending on solution 


 
Additionally, a study was performed comparing . PTFE was 
the only material found to be non-wetting below 34.47 dynes/cm of surface tension (Figure 
6). As indicated earlier, wetting of a porous membrane leads to blocked airflow and leaks. 
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Figure 6. Surface Tension of Various Membranes and Various Complex Solutions 


These results confirm that  are not suitable as 
venting materials when exposed to low surface tension liquids that are relevant to medical 
device applications. 
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Alternatives Summary 
Material property screening, predictive modelling and experimental results all indicate that 
fluoropolymers are the only materials suitable to meet the performance requirements of 
vents in medical devices 


3. Timeline  


The Restriction Proposal only advises a transitional period of 13.5 years for vents used in 
medical devices. As pointed out on page 77 of the Restriction Dossier, this is based on the 
understanding of the Dossier Submitter that 13.5 years are ‘normally sufficient for industry 
to take benefit from technical progress and to carry out scientific R&D activities to find and 
deploy technically and economically feasible alternatives’. This assumption is not 
appropriate for medical devices. It does not accurately take into account the time needed to 
identify alternative materials, nor the time to develop, test, and commercialize medical 
devices once an alternative material is identified.   


Timelines to develop and validate alternative materials in the highly regulated medical 
device industry can be significantly longer than in other industries. Material substitution in 
medical devices is highly complex and involves not only development and testing of 
materials in the component itself, but also development and testing of the final device 
which uses the components with its associated technical, clinical, and regulatory 
processes.   
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Due to the unique material properties described in the Alternatives Assessment above, 
Gore, and other key actors in the supply chain, do not believe that alternative materials can 
be developed to replace fluoropolymers in these applications.  


Despite the high cost of raw materials and the inherent incentive to find less expensive 
alternatives, no viable alternative materials have been identified and developed to date for 
use in venting in medical devices. We estimate it could take at least another 5-10 years to 
identify and develop possible alternative polymer materials. This first step involves 
discovery, for which a specific timeline cannot be predicted. Even with extended timelines, 
viable materials may not be successful in meeting the stringent requirements of these 
applications. 


Assuming a feasible alternative material can be identified, additional steps in a typical 
timeline for the development and validation of novel materials for other applications are 
provided below. To estimate the time required to bring an unknown alternative to market, 
Gore has divided the effort into several phases: 


 


Phases What activities does this step entail? Time required for step 


Discovery 


For this application, Gore has shown that 


invention or breakthrough processing 


technology is required to develop an 


alternative. The likelihood of this is low and the 


timeline is long and unpredictable. 


Unknown 


Estimated to be at least 


5-10 years 


Development 


Optimise material for specific medical device 


applications. This may involve transitioning 


processes to pilot scale or small-scale 


manufacturing. 


3 years 


Production 


Investment, installation, and qualification of 


new mass production capability. Establishing 


robust material supply chain. 


2-5 years 


Validation and 


Commercialization 


of Vent component 


Internal evaluations of material performance 


and process validations following ISO13485 


and ISO15378 quality system requirements. 


~2 years 


Validate and 


Commercialization 


of Device 


incorporating new 


vent 


This estimate includes final device performance 


evaluations and process integration validations. 
> 3 years 


Total  


Unknown  


Estimated to be at least 


15 to 23 years 
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4. Ingress Protection Vents are not a Significant Source of Emissions across their 
Lifecycle 


As described in Gore’s separate derogation request for fluoropolymers, emissions during 
processing are negligible thanks to emission control technologies. PTFE and PFA do not 
erode or off gas, even when exposed to aggressive chemicals or relevant environmental 
temperatures, which suggests that emissions during service life are negligible.  


Additional information on responsible manufacturing, processing and disposal of 
fluoropolymers, and products made from fluoropolymers, is also provided in Gore’s 
derogation request for fluoropolymers. 


5. Socio-economic Impacts  


Without a derogation, there will be multiple types of impacts in the EU impacting both 
quality of healthcare and costs. 


a. Safety, Effectiveness and Availability of Medical Devices  


By restricting the use of PFAS in membranes used for venting of medical devices, rapid 
disease diagnosis, effective patient treatments, and patient quality of life would be 
negatively impacted. Examples include: 


• IV infusions – While venting air bubbles, drug infusions, such as chemotherapy, 
could leak from packaging and infusion systems causing serious hazards to patients 
and clinicians. 


• Drug Transfer – Drugs could clog vents, affecting dosage accuracy and drug loss. 
• Diagnostic devices - chemicals needed for successful diagnosis (tissue staining, 


sample preparation, PCR, etc) may leak in the diagnostic device leading to 
inaccurate diagnosis, longer wait times to receive critical disease diagnoses, and 
inability to test for multiple conditions simultaneously. 


• Negative Pressure Wound Therapy – The complex and infectious fluids from wound 
vacuums may leak causing contamination in the vacuum system or blockage, 
reducing effectiveness of the vacuum (possibly impacting patient outcomes). 


• Ostomy bags – The oily environment may clog the vent, requiring the patient to 
manually open the ostomy bag to routinely reduce air pressure from the waste 
products, significantly reducing quality of life. 


• Battery compartments in non-implantable medical devices – Complex fluids such as 
blood may clog vents, reducing the ability to vent explosive gases and leading to 
casing failure.   


• Hearing instruments – The waxy/oily environment could clog the vent, reducing the 
ability to transmit sound. 


• Haemodialysis – Infectious fluids from dialysis treatment could leak, causing 
contamination or breakdown of the clinic’s equipment and increased risk of cross-
patient contamination. 


• Urology – Urine could clog vents or leak, increasing the frequency of bag 
replacement and reducing quality of life. 
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b. Financial Impact 


A restriction on a critical component in a range of medical devices will also have 
financial implications to individuals, industry, and governments. Across a range of uses, 
costs may increase due to: 
 


• More frequent replacement of medical devices due to clogged vents. 
• Downstream costs due to delayed diagnoses. 
• Increased patient care costs due to lower performance of medical devices. 
• Increased costs to manufacture pharmaceutical compounds or diagnostic 


devices due to the potential for leaks, batch contamination, or other quality 
issues. 


• Increased cost to industry for development, testing and validation of alternate 
solutions which are demonstrated not to meet all the performance requirements. 


 
Because fluoropolymers and other PFAS are used in many applications related to 
medical device and pharmaceutical manufacturing, the disruption to supply chains for 
components that enable safe, effective devices may cause manufacturers to reconsider 
the best location for manufacturing products sold globally. Broad impacts from a PFAS 
restriction on the medical device and pharmaceutical manufacturing sectors have been 
described in a variety of industry group responses to the public consultation, including 
those from Bundesverband Medizintechnologie (BVMed e.V), BioPhorum, European 
Federation of Pharmaceutical Industries and Associations (EFPIA), MedTech Europe and 
others. 
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I. Summary of Comments 
Gore appreciates the opportunity offered by the public consultation process to provide 
comments on the Restriction Proposal for Per- and polyfluoroalkyl substances (PFAS).  


The conclusions from our statement are summarized as follows: 


▪ The Restriction Proposal has not defined a separate use for products used in the processing 
and delivery of human and veterinary medicines within the scope of Regulation (EC) 
726/2004, Regulation (EU) 2019/6, and Directive 2001/83/EC. 


▪ The unique combination of properties of fluoropolymers provides critical functionality and 
are ubiquitous in the processing and delivery of human and veterinary medicinal products. 


▪ There are no existing alternative materials that meet the stringent performance 
requirements of products used for the processing and delivery of human and veterinary 
medicinal products and Gore is not aware of potential materials that could meet these 
requirements in the future. 


▪ Without a derogation for fluoropolymers in this application, the safety and efficacy of human 
and veterinary medicinal products and the stability of their global supply will be 
compromised. 


II. Reference in the Restriction Proposal 
In Gore’s examination of the Restriction Proposal, the following references to components used 
to process and deliver human and veterinary medicinal products were found:  


• 5e. Textiles for use in filtration and separation media (Annex XV, page 5) 
• 6j. Coating applications for medical devices other than Metered Dose Inhalers (Annex XV, 


page 7) 
• 6n. Packaging of terminally sterilized medical devices (Annex XV, page 8)  


These references only cover a small portion of the products and materials required to process 
and deliver human and veterinary medicinal products. Without a derogation for this use sector, 
the safety and efficacy of these medicines and the stability of their global supply will be 
compromised.   


III. Derogation Request 
Gore respectfully recommends adding the following Derogation in Column 2, paragraph 4d, of 
the proposed restriction:  


4. By way of derogation, paragraphs 1 and 2 shall not apply to   
a. active substances in biocidal products within the scope of Regulation (EU) 


528/2012   
b. active substances in plant protection products within the scope of Regulation (EC) 


1107/2009   
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c. active substances in human and veterinary medicinal products within the scope of 
Regulation (EC) No 726/2004, Regulation (EU) 2019/6 and Directive 2001/83/EC   


d. products used for the processing and delivery of human and veterinary medicinal 
products within the scope of Regulation (EC) 726/2004, Regulation (EU) 2019/6, and 
Directive 2001/83/EC. 


IV. Brief Description of the End Use 
This derogation should apply to all products used for the processing and delivery of human and 
veterinary medicinal products. This would include, but is not limited to, products used to 
develop, manufacture, test, store, and deliver these medicinal products. Delivery components 
would include medicinal products used in combination with a medical device that are regulated 
under EU pharmaceutical legislation (Directive 2001/83/EC or Regulation (EC) No 726/2004). 


Processes to produce human and veterinary medicinal products are complex, highly specialized, 
and can vary from one class of medicines to the next. Many medicinal products, especially some 
of the newest and most advanced technologies related to biopharmaceuticals, are particularly 
sensitive to produce, which puts stringent demands on the materials with which they come in 
contact.   


1. Product Examples 


Fluoropolymer products are ubiquitous in the processing and delivery of human and veterinary 
medicinal products.   


To clearly define the applications that should fall under the proposed derogation, we provide 
below a detailed description of the product and its reliance on PFAS. The product examples are 
Gore products, as details of comparable products manufactured by other companies are not 
publicly available. We believe that these products are representative of products manufactured 
in and placed on the EU market by other companies.   


 


  



https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A32001L0083

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32004R0726
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Table 1. Example Products used in the Processing and Delivery of Medicinal Substances 


Product Illustration Description 


GORE® 


IMPROJECT® 


Plunger for 


Prefilled 


Syringes 
 


Silicone-free plunger for pre-filled syringes – The 


fluoropolymer barrier film provides consistent 


delivery performance over time and protects 


complex and sensitive biologics from leachables and 


silicone-induced protein aggregation and 


particulation.  


GORE® 


LYOGUARD® 


Freeze-


Drying Tray 


 


Single-use, enclosed, freeze-drying trays that keep 


products such as liquid or lyophilised active 


pharmaceutical ingredient (API) in the tray during 


the lyophilisation process. The inert fluoropolymer 


film allows for a broad range of solvent polarities to 


be lyophilized while minimising product ejection, 


reducing operator exposure to APIs, reducing 


validation costs and eliminating the need for tray 


cleaning.  


GORE® STA-


PURE® 


Flexible 


Freeze 


Containers 
 


A fluoropolymer container used for storing and 


transporting medicinal substances in bulk after 


freezing at -86 degrees Celsius - greater crack- and 


impact-resistance during cold chain handling 


protects the container’s integrity hence reduces the 


risk of losing product during transport, storage, and 


handling. Its strength, durability, and low leaching 


properties make the container ideal for high-value 


biologics bulk substances such as vaccines, 


monoclonal antibodies, and antibody drug 


conjugates (ADCs).  


GORE® STA-


PURE® Pump 


Tubing 


 


Fluoroelastomer tubing for peristaltic pumps 


protects against ruptures (even at high pressures), 


resists aggressive chemicals, enabling low 


extractables and leachables, and delivers 


consistent flow rates for days, weeks or even 


months.  
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GORE® 


Microfiltration 


Media 


 


 


Fluoropolymer membrane enabled media used for 


filtration in pharmaceutical, biologics, lab and 


analytical, and industrial biotechnology applications. 


Properties include high flow rates and reliable 


retention of aerosols and particles compared to 


membranes manufactured from traditional 


polymers.  


GORE® 


Protein 


Capture 


Device with 


Protein A 


 


Used to purify target molecules from a bioprocessing 


culture mixture. Designed to improve productivity in 


affinity purification of antibody-based therapies. 


Utilises a unique fluoropolymer membrane solution 


that provides a binding capacity advantage at high 


flow rates and improves the speed of purification 


versus traditional affinity chromatography 


technologies. 


The range of products are made of fluoropolymers and other PFASs with the vast majority of the 
PFAS volume meeting the criteria for Polymers of Low Concern (PLCs), under the definition 
provided by the OECD Expert Group on Polymers. 
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2. Development, Testing, Approval and Change Requirements  


In addition to the technical complexity of manufacturing medicinal products, there are 
requirements for testing, validation, and change management to ensure the risks to safety and 
efficacy are minimized. These steps add years and significant expense to developing new 
medicinal products and their associated manufacturing processes.   
 
When an approved medicinal product experiences a change to the raw materials, packaging, 
manufacturing process, equipment, or other support system, a revalidation of the product 
quality is required. Depending on the nature of the change, safety, and efficacy revalidations 
(i.e., non-clinical and clinical studies) may also be necessary. For example, changing the nature 
of the materials that come into direct contact with the drug substances and drug product and 
may require repeating one or more of the evaluation phases of product development described 
below which can interrupt the availability of medicinal products and create significant costs that 
could be otherwise spent on development of new medicines. 


The European Medicines Agency (EMA) is responsible for the scientific evaluation of 
applications to market medicinal products in the EU and approval is granted by the European 
Commission. The EMA evaluation includes quality, safety, and efficacy data for the medicinal 
product. 


• Quality –The quality evaluation includes the definition of the drug product, including the 
container closure system, and describes the specifications, manufacturing processes, 
and analytical procedures associated with a drug product and its components. In 
addition, the applicant must fully characterize the components and drug product, 
including impurities, and demonstrate, through validation, that proper controls are in 
place to reproducibly manufacture a safe and effective medicinal product. Risks 
associated with the product and process must also be identified and adequately 
mitigated. 
 


• Safety – The safety evaluation is a comprehensive synopsis of non-clinical data and an 
interpretation of its clinical relevance. This includes chemical, biological, 
pharmacological, and toxicological laboratory testing of the drug product that is 
produced per the methods and controls stated in the quality data. 



https://www.ema.europa.eu/en/glossary/marketing-authorisation-application
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• Efficacy – The efficacy evaluation is a critical analysis of the clinical data, which is 
collected in four phases.1   


o Phase 1 – Small scale human trials focused on dosage and safety. (~ 1 year) 
o Phase 2 – Increased scale trial focused on safety and efficacy. (~ 2 years) 
o Phase 3 – Trial in larger populations to generate robust data about safety, 


efficacy, and the overall benefit-risk relationship of the medicine. The drug 
product at this stage is typically compared to a placebo and/or to an active 
comparator. (> 4 years) 


o Phase 4 – Often, post-authorization trials are required. They include thousands of 
patients globally and can take over 10 years to finalize. They are conducted to get 
more detailed information on a medicine’s efficacy and safety in even larger 
patient populations. 


V. Need and Justification for Derogation 
 
Without a derogation, materials that are critical to the production, storage and delivery of 
medicinal substances would not be available. This could lead to increased risk to the quality 
and availability of many medicinal substances and significant costs across the industry and to 
patients and governments as a result. We propose that a derogation is justified based on the 
following points: 


▪ The performance requirements for processing and delivery of medicinal substances 


▪ The lack of availability of alternatives that would provide the required level of 
performance  


▪ The time required for research and development to investigate and evaluate potential 
alternative materials, and if a feasible alternative is identified, the time required to 
identify develop, test, and commercialize products and then the medicinal substances 
made using those products 


▪ The large and disproportionate socio-economic cost of restricting the use 


1. Performance Requirements 


The products listed in Table 1 are representative products from Gore but are only a fraction of 
the many uses of PFAS in the processing and delivery of medicinal products. There is no single 
set of performance requirements for this sub-use, as a whole. Instead, the individual 
requirements vary by product type, the specific medicinal substance, and the processing 
conditions that lead to unique combinations of specifications. The performance requirements 
for products relevant to this sub-use typically must meet combinations of the requirements 
described in the table below.   


 
1 Marketing authorisation | European Medicines Agency (europa.eu) 



https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation
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Requirement Description 


Low levels of leachables 
and extractables 


For the purposes of this derogation, leachables are defined as compounds that leach, 
under normal conditions of use, into the drug product formulation from the container 
closure, resulting from direct contact with the formulation. These leachables 
contaminate the drug product and may reduce its effectiveness and increase patient 
risk of adverse effects (e.g., inflammation, immunogenicity responses, systemic 
toxicity). Leachables in the final product are measured by the pharmaceutical 
manufacturer. 


Extractables are defined as compounds that can be removed from the container closure 
system, packaging material or manufacturing processes under aggressive conditions 


which include solvent, time, and temperature. Extractables are typically predictive of 
leachable results. 


Low levels of extractables are a factor in the selection and qualification of materials 
used by pharmaceutical and biopharmaceutical manufacturers. Non-fluoropolymer 
materials are often inadequate for meeting process and product design requirements. 
Low levels of extractables also greatly simplifies the design and execution of leachable 
studies for enabling regulatory approvals. The BioPhorum Operations Group (BPOG) 
and US Pharmacopeia (USP) guidance drives the importance of materials having low 
levels of extractables and leachables when single use systems are required. 


Extractables measurement is an industry requirement that is measured by the following 
standard methods:  


• BioPhorum best practices guide for extractables testing of single-use 
components used in biopharmaceutical manufacturing BioPhorum 
Leachables: Best practices guide for evaluating leachables risk from 
polymeric single-use systems  


• USP <665> Plastic Components and Systems Used to Manufacture 
Pharmaceutical Drug Products and Biopharmaceutical Drug Substances and 
Products 


• USP <1663> Assessment of Extractables Associated with Pharmaceutical 


Packaging/Delivery Systems 


• USP <1664> Assessment of Drug Product Leachables Associated with 
Pharmaceutical Packaging/Delivery Systems 


Chemical and thermal 


resistance 


The material needs to be highly resistant to aggressive chemicals, such as strong acids 


and bases, polar and non-polar solvents, and reactive gases. These properties are 
essential to pharma processing where (for example) sodium hydroxide is used as part 
of a standard decontamination process, or (for example) where aggressive solvents 
are required for critical process steps, like ethanol diethyl pyrocarbonate (DEPC) for 
mRNA. These properties are also essential to resistance to reactive gases used in 
sterilization, like ethylene oxide (ETO) or vapor phase hydrogen peroxide (VHP). 


The material may not degrade in the presence of high temperatures, which are used 
both in synthesis/manufacturing of small molecule pharmaceuticals as well as to 
sterilize products used in the processing and delivery of pharmaceuticals and 
biopharmaceuticals. 


Low particulation Protein aggregation and particulate contamination in medicines can affect their 
efficacy, potency, clinical safety, and immunogenicity. 


• USP <788> Particulate Matter for Injections 


• USP <789> Particulate Matter in Ophthalmic Solutions 
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Requirement Description 


Bioinert and 
biocompatible 


The material does not initiate a response from the host for this use. This is an industry 
requirement that is measured by the following standard methods: 


• USP <87> Biological Reactivity Tests In Vitro  


• USP <88> Biological Reactivity Tests In Vivo Class VI  


• ISO 10993 Biological Evaluation of Medical Devices 


Non-pyrogenic Bacterial endotoxins are fever-causing agents found in the cell wall of certain bacteria, 
typically introduced through material processing. If introduced into the bloodstream or 


spinal fluid via a parenteral drug or medical device, fever, septic shock, organ failure, 
or death can occur. 


• USP <85> Bacterial Endotoxin Tests 


High strength and 
stability  


The material has excellent strength and durability and can withstand exposure to 
mechanical and thermal stresses in use. 


Flexibility and durability 
at cold temperatures 


Proteins can degrade at temperatures above about -86°C, impacting their 
effectiveness. Therefore, they require processing and storage at very low 


temperatures. The cold durability market requirements refer to the ability of a 
container to remain integral throughout the typical lifecycle. Integral means no cracks 
or holes in the container that would allow the drug substance to leak during the thawing 
process or contamination to enter the container at any point in the lifecycle. The 
lifecycle refers to filling the container with bulk drug substance, freezing, handling, 
shipping, storage, thawing and draining. Freezing and storage are typically done in 
freezers set at -86°C, where the storage can be anywhere from a couple months to 
several years. Shipping is typically done globally from one continent to another, and 
product is kept frozen either by dry ice or in temperature-controlled containers also set 
down to -86°C.   


Low coefficient of 
friction 


Syringe plungers need to slide against bare glass with low force, enabling consistent 
medicinal deployment. 


High binding capacity at 
high flow rates 


The microstructure of the material impacts the binding capacity (or the ability to 
capture protein) in chromatography devices. Increased binding capacity greatly 
reducing process time. 


2. Alternative Assessment 


Gore operates within a segment of the pharmaceutical and biologics market that requires the 
performance characteristics uniquely enabled by fluoropolymers. Gore has developed products 
to meet customer's performance specifications that could not be met by other materials. Many 
of our customers have confirmed that they have investigated alternative materials but have been 
unable to identify feasible options. Fluoropolymers are generally more expensive than other 
polymers, so customers have an economic incentive to use other materials, when it is possible 
to meet their performance requirements. This position is confirmed through the public 
comments from relevant industry groups in the medical device and pharmaceutical 
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manufacturing sectors, including those from Bundesverband Medizintechnologie (BVMed e.V), 
BioPhorum, European Federation of Pharmaceutical Industries and Associations (EFPIA), 
MedTech Europe, and others. 


Based upon Gore’s nearly 50 years of expertise and deep knowledge of material science, 
established polymers cannot meet the vital functions needed to be suitable alternatives to 
fluoropolymers in the processing and delivery of human and veterinary medicinal products. Gore 
continually follows external developments of new materials while also pursuing an R&D program 
to develop novel materials that meet market needs. However, no materials that can replace the 
need for fluoropolymers in these applications have been identified.  


a. Extractables and Leachables 


As stated above, extractables are measured under aggressive conditions, and are typically 
predictive of leachable results. 


Unlike alternative materials, fluoropolymers do not require the use of additives (e.g., 
antioxidants, slip/mold release agents, UV inhibitors, plasticizers) to enhance their chemical, 
physical, and mechanical properties.   


 


Figure 1, below, shows the stacked extractables comparison2 of a fluoropolymer film (labeled as 
GORE® STA-PURETM Flexible Freeze Container Film) to potential alternative materials: 
Commercial Film 1 


 and Commercial Film 2 
. The peaks seen in the Commercial Film 1 and Commercial Film 2 curves are due to 


impurities that have been extracted from the films. In contrast, the fluoropolymer film curve has 
the same shape as the control blank, indicating that no impurities were extracted from the 
material.   


 


 
2 Test performed according to the BioPhorum Operations Group Ltd "Best Practice Guide for Evaluating Leachables 
Risk from Polymeric Single-Use Systems used in Biopharmaceutical Manufacturing," July 2021 
(https://www.biophorum.com/download/best-practices-guide-for-evaluating-leachables-risk-from-polymeric-
single-use-systems/) 







 


  
 


 
 


Page 11 


 


Figure 1: Extractables Comparison between Alternative Solutions and  
GORE STA-PURE® Flexible Freeze Container Film 


 


 


Another example of low extractables can be seen in the comparison of the GORE® IMPROJECT® 
Plunger for Prefilled Syringes (rubber plunger with fluoropolymer barrier film) versus an 
uncoated rubber plunger. Again, the Gore fluoropolymer has no peaks, indicating that no 
impurities were extracted from the material, while the uncoated plunger shows impurities that 
have been extracted by the solvent. 


Figure 2: Extractables Comparison between Plunger with Fluoropolymer Barrier Film  
and Uncoated Rubber Plunger 


 
Fluoropolymers are uniquely able to meet the requirements for low extractables and leachables 
in combination with other typical requirements for this sub-use. 
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b. Chemical Resistance 


Fluoropolymers, like PTFE, FEP and PVDF, are chemically inert and, therefore, have a high degree 
of resistance to fluids used in the processing and delivery of human and veterinary medicinal 
products. For example: 


• sodium hydroxide is used as part of a standard decontamination process  
• aggressive solvents are required for critical process steps, like ethanol diethyl 


pyrocarbonate (DEPC) for mRNA    
• reactive gases, like ethylene oxide (ETO) or vapor phase hydrogen peroxide (VHP) 


are used in sterilization 


This can be seen by analyzing the Labware Chemical Resistance Table3, which assesses the 
effects of over 200 chemicals on common plastics used in the industry. The fluoropolymers FEP 
and PTFE show no damage after 30 days of constant exposure to nearly all chemicals evaluated. 
Resistance to these chemicals enables fluoropolymers to maintain their structural integrity, 
which prevents the generation of leachables and particulates and extends the usable life of the 
products. 
 
Fluoropolymers are uniquely resistant to the broad range of chemicals that are relevant to this 
sub-use. 


c. Flexibility and durability at cold temperatures 


As indicated in Section V.1, materials for certain medicinal product processing and storage must 
remain flexible and durable at very low temperatures.  


Fluoropolymers are the only material that remains flexible and strong at the necessary process 
temperatures and meets other process requirements related to extractables and 
biocompatibility, among others.  


3. Timeline  


As the Dossier Submitters did not broadly discuss the use of PFAS and the lack of potential 
alternatives in the processing and storage of medicinal products, the use of PFAS-based 
components in those applications is proposed to be banned 18 months after EiF. We have 
demonstrated that no alternative is currently available. This section underlines the timeframe 
needed in the uncertain case that a new material would be discovered or invented for this 
application. 


 
3 https://tools.thermofisher.com/content/sfs/brochures/D20480.pdf 
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Due to the unique material properties described in the Alternatives Assessment, Gore, and other 
key actors in the supply chain, do not believe that alternative materials can be developed to 
replace fluoropolymers in these applications. This first step involves discovery, for which a 
specific timeline cannot be predicted. 


Examples from the past, show that the time span to develop new materials can vary 
significantly. For example, the development of acrylic polymer took several decades. The 
process from the first synthesis of acrylic acid to the introduction of the commercial polymer, 
was an 85-year journey.4 While the development of PTFE from the “accidental” discovery to a 
commercial product took about 10 years, from 1938 to 19485, and then decades more to mature 
that technology into the materials used today. Development advances over this time have had to 
occur in polymerization, finishing, lubrication and blending, pelletization, extrusion, etc. In 
absence of such an initial unexpected discovery, we can only speculate that developing a new 
polymer until commercial availability will take more than 25 years. 


Timelines to develop and validate alternative materials in the highly regulated medicinal 
product industry can be significantly longer than in other industries. To estimate the time 
required to bring an unknown alternative to market, Gore has divided the effort into three 
phases: 


 


Table 3: Steps for developing an alternative to fluoromaterials in processing and storage of 
medicinal products 


 


Phases What activities does this step entail? 
Time required for 


step 


Time for Gore to 


develop alternative 


For this application, Gore has shown that invention 


or breakthrough processing technology is required 


to develop an alternative. The likelihood of this is 


low and the timeline is long and unpredictable. 


Unknown 


Estimate >20 years 


Time for Gore to 


Validate and 


Commercialize 


Internal evaluations of material performance and 


process validations following ISO13485 and 


ISO15378 quality system requirements. Supply 


chain establishment. 


~3 years 


Time for Customer to 


Validate and 


Commercialize 


This estimate includes performance validations, 


process integration validations, clinical studies, 


and regulatory submissions 


> 5 years 


Total  
Unknown 


  >25 years 


 
4 See https://www.ptonline.com/articles/tracing-the-history-of-polymeric-materials-part-20. 
5 https://www.teflon.com/en/news-
events/history#:~:text=An%20Accidental%20Discovery&text=Roy%20J.,to%20form%20polytetrafluoroethylene%2
0(PTFE). 



https://www.ptonline.com/articles/tracing-the-history-of-polymeric-materials-part-20

https://www.teflon.com/en/news-events/history#:~:text=An%20Accidental%20Discovery&text=Roy%20J.,to%20form%20polytetrafluoroethylene%20(PTFE)

https://www.teflon.com/en/news-events/history#:~:text=An%20Accidental%20Discovery&text=Roy%20J.,to%20form%20polytetrafluoroethylene%20(PTFE)

https://www.teflon.com/en/news-events/history#:~:text=An%20Accidental%20Discovery&text=Roy%20J.,to%20form%20polytetrafluoroethylene%20(PTFE)
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4. Socio-economic Impacts 


Without a derogation, there will be multiple types of impacts in the EU impacting both quality of 
healthcare and costs.  


By restricting the use of fluoropolymers in these applications, businesses with products used in 
the processing and delivery of human and veterinary medicinal products must either (i) use 
materials that are not capable of performing their required functions, or (ii) move processing 
outside of Europe, where fluoropolymers may be used. Since the current European share of 
global pharmaceutical revenue is 23.4% and the estimated Research and Development 
spending is 41.5 bn Euro (2021, statista.com), both options would require enormous time and 
cost investments. In addition, this would result in compromised safety and efficacy, instability of 
global supply, and a hiatus on new drug development, as resources focus on revalidating 
existing medicinal products.   


a. Safety, Effectiveness and Availability of Medical Devices  


Some examples of product related consequences associated with the restriction of the Gore 
products discussed in this document include: 


• GORE® IMPROJECT® Plunger for Prefilled Syringes – Increased risk of 
inflammation and immunogenicity response in patients


 and the inability to offer some drugs and vaccines, in the most 
efficient and widely deployable format of a pre-filled syringe. 


• GORE® LYOGUARD® Freeze-Drying Tray – Increased risk of cross-contamination 
leading to drug product loss. 


• GORE® STA-PURE® Flexible Freeze – Increased risk of drug product loss due to 
bag breakage or contamination during transport, storage, and handling.  


• GORE® STA-PURE® Pump Tubing – Increased risk of tubing failure, leading to 
contamination and drug product loss during processing.   


• GORE® Microfiltration Media – Increased risk of drug contamination which limits 
vaccine/drug supply or increased harm to patient. 


• GORE® Protein Capture Device with Protein A – Loss of productivity (6 – 10x), 
causing increased drug development time, increased processing time, increased 
manufacturing footprint and consumables, and increased risk of contamination 
during storage. 


b. Financial Impact 


A restriction on a critical component in a range of medical devices will also have financial 
implications to individuals, industry, and governments. Across a range of uses, costs may 
increase due to: 
 


• Increased costs and reduced yield on expensive medical product production due 
to components or quality control failures. 
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• Increased patient care costs due to limited availability of necessary medicinal 
products. 


• Increased cost to industry for development, testing and validation of alternate 
solutions which are demonstrated not to meet all the performance requirements. 


• Costs to industry, and eventually to patients and governments, related to 
relocating manufacturing outside the EU where PFAS-based components remain 
available. 


 


c. Disruption to Innovation and Systemic Regulatory Constraints 


Assuming manufacturers attempt to use alternative materials in the processing of medicinal 
substances, a restriction on PFAS in this use will cause an unprecedented surge in testing, 
validation, and regulatory submissions simultaneously. The unprecedented surge in activity will 
distract the entire industry in Europe from innovation to develop and produce new medicines. A 
subsequent concern would be the resulting increased magnitude of burden on the regulatory 
process to review and approve changes to the manufacturing of the vast majority of medicinal 
products. 


An instructive example is the recent implementation of EU MDR 2017/745. This regulation 
replaced the previous EU Medical Device Directive (MDD 93/42/EEC) with sweeping changes to 
the clinical, quality, and technical requirements for medical devices; the vast majority of the 
previous directive was re-written for the MDR, and placed significant burdens on the 
Manufacturer, Notified Bodies, and other supply chain actors to verify and ensure safety and 
efficacy. This led to the need to have all products certified by notified bodies. Initially a 
transition period of 7 years was intended. The long transition period for EU MDR 2017/745 was 
developed considering the medical device industry complexities, however it was insufficient. 
Due to the significant risk of medical device shortages, the transition period was recently 
extended by 3-4 years6. This medical device shortage risk stems from limited notified body 
capacity to certify these devices under the regulation. 


A change due to a PFAS restriction will likely be more complicated since it has the potential to 
impact the medicinal product itself, drive the need to redo prior testing and validation work, and 
introduce additional uncertainty due to components that are not expected to have sufficient 
performance. 


 


 
6 Extension time depends on risk classification of affected medical devices. Regulation (EU) 2023/607 amended the 
MDR on 20 March 2023.  



https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2023.080.01.0024.01.ENG
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VI. Additional Information 


1. Use Assessment 


Additional Information can be found in the Use Assessment that was provided in March 2022 
(Annex I). Gore has learned that because this assessment received by the Dossier Submitters 
after the end of the Call for Evidence in September 2021, it may not have been reviewed. 


Some topics covered in the Use Assessment that are not covered here include: 


- Volumes of PFAS Used (Section 3.2) 


- Emissions (Section 3.3) 


- Market Information (Section 5) 


- Consequence of no exemption (Section 7) 


- Justification for a derogation (Section 8) 


Please note that the Use Assessment covers all products in our life science business. Therefore, 
it also contains information on other Gore products which fall under other applications/sub-
uses.  


2. Gore’s Derogation Request on Fluoropolymers 


Additional information on biocompatibility, responsible manufacturing, processing, and 
disposal of fluoropolymers are provided in Gore’s separate derogation request for 
fluoropolymers.  
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Comment on Proposed Restriction of PFAS 


May 30, 2023 
Japan Fluoropolymers Industry Association (JFIA) 


 
We, Japan Fluoropolymers Industry Association (JFIA), think that fluoropolymers should be 


distinguished from the proposed restriction of PFAS (Per- and polyfluoroalkyl substances), which 
collectively regulates more than 10,000 of organofluorine compounds (PFAS) on the grouping basis. 
We believe fluoropolymers should be exempt from its restriction because they differ from other 
PFASs in physical, chemical and toxicological properties. 


We support the statement made by the Conference of Fluoro-Chemical Product Japan (FCJ) on 
the issues of proposed restriction*1 as per the attachment 2. In particular, we support the exclusion 
by PFAS subcategory with the following views. Therefore, we request for exemption of fluoropolymers 
from the proposed ban on EU market through ECHAʼs public consultation. 


*1 Conference of Fluoro-Chemical Product Japan (FCJ). April 25, 2023. Comment on Proposed Restriction of PFAS: 
 https://cfcpj.jp/european-pfas-lp.html  (⇒Attachment 2) 


 
 


１． Fluoropolymers in PFAS subcategory (substance) 
Regarding the negative impact of PFAS on the environment, as shown Fig. 1, PFOS 


(Perfluorooctane sulfonic acid) and PFOA (Perfluorooctanoic acid) were initially focused. Early 
concerns have been also raised about non-C8 perfluoroalkane sulfonic acids (PFSAs) and 
perfluoroalkyl carboxylic acids (PFCAs). These substances can be classified as perfluoroalkyl acids 
(PFAAs) that are water-soluble. Some of PFAAs have already been regulated due to the 
bioaccumulation and toxicity of each substance. Fig. 2 shows the PFAS family as an example of 
PFAS subcategory (substances). 


 


     
Fig. 1 Relation between fluoropolymers and emerging awareness on PFAS occurrence in the environment 


 


PFSAs PFCAs 


PFAAs 


C6 
C4 


C5,7,9,10 


C8 
C9 


C7 


C4-6, 10-14 


C8 


Sources: Interstate Technology & Regulatory Council (ITRC). 2022. PFAS Technical and Regulatory Guidance. P.37 Fig. 2-16 


Fluoropolymers：PTFE、PFA、ETFE、FKM etc. 



https://cfcpj.jp/european-pfas-lp.html





           
Fig. 2 The PFAS family 


Next, fluorotelomers and perfluoroalkyl ether acids like higher-molecular-weight polyfluoroalkyl 
substances have recently been raised as potential PFAAs due to their own degradability. Fig. 3 of 
Attachment 1 shows PFAS family tree. 


On the other hand, fluoropolymers are classified as one type of PFAS according to international 
definition, but unlike other polyfluoroalkyl substances such as fluorotelomers, they belong to a class of 
polymers that are highly polymerized over 100,000 Da（Dalton: unified atomic mass unit）, and have 
extremely high stability (persistency). Attached Fig. 3 indicates the potentiality of decomposition into 
PFAA precursors reported by Buck et al. (2011) for each PFAS subcategory, but there is no indication 
of the potentiality for the fluoropolymers subclass. 


Fluoropolymers are thermally, chemically, photochemically, hydrolytically, oxidatively and 
biologically stable, barely soluble in water, immobile, insoluble (Water, Octanol, etc.) and too large to 
migrate to cell membranes. Therefore, they are not incorporated into the body and are considered low 
concern from a human and environmental health perspective.  


 
２. Exposure to fluoropolymers in workplace environment 


For human inhalation, following occupational exposure to degradation products of fluoropolymer 
PTFE (e.g. pyrolysis products) or particles (e.g. spray application), severe toxic effects are reported in 
section 1.1.4.9 “Effects on human health” in the Annex XV report. However, the toxic lung effect is 
matter of risk assessment in the working environment. Its countermeasures have openly been made 
known in the fluoropolymer handling guides issued by industry trade associations in major countries 
since the 1970s*2, 3 and the effect on workers have been under control.  


*2 Plastics Europe. June, 2021. Guide for the safe handling of fluoropolymer resins: 
        https://fluoropolymers.plasticseurope.org/index.php/fluoropolymers/irreplaceable-uses-1/reports-policy-


documents/tfe-safe-handling-guide 
*3 Japan Fluoropolymers Industry Association (JFIA). February, 2021. Fluoropolymer handling manual: 


 http://www.jfia.gr.jp/handling.html 


*Early Attention 


PTFE, PFA, ETFE,  
FKM etc. 
 


*Recent Attention 


Sources: Interstate Technology & Regulatory Council (ITRC). 2022. PFAS Technical and Regulatory Guidance. P.20 Fig. 2-3 



https://fluoropolymers.plasticseurope.org/index.php/fluoropolymers/irreplaceable-uses-1/reports-policy-

http://www.jfia.gr.jp/handling.html





 


(8) High molecular weight polymeric 
plastics such as PTFE 
 


Fig.3 PFAS family tree 


PFAA precursors 


*Early Attention 


*Recent Attention 


Sources: Interstate Technology & Regulatory Council (ITRC). 2022. PFAS Technical and Reuglatory Guidance. P. 21, Fig. 2-4. 
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Apr 25, 2023 


 


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 
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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.  
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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. 
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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 
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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 
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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.  
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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 
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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, marine), 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 
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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.  


 


Reference: 


1: Barbara H et al., Integrated Environmental Assessment and Management, Vol14(3), 


p316–334. 


https://setac.onlinelibrary.wiley.com/doi/full/10.1002/ieam.4035 


2: Stephen K et al, Integrated Environmental Assessment and Management, Vol19(2), 


p326–354 


https://setac.onlinelibrary.wiley.com/doi/10.1002/ieam.4646 


3: German Environment Agency, Reducing chemical input into water bodies – 


trifluoroacetate (TFA) as a persistent and mobile substance from many sources, 2021 


4: Norwegian Environment Agency, Study on environmental and health effects of HFO 


refrigerants, 2017 
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		Materialnummer		Bezeichung

		34863830		ABSTREIFER WN 52001 20 X30 X10 FKM

		40801910		ABSTREIFER WN 52001 80 X90 X10 FKM

		1249217		DICHTRING JAC 250*2 FKM 10259386

		1872705		DICHTUNG FKM 25

		1829487		DICHTUNG FKM 35

		1829488		DICHTUNG FKM 45

		1829489		DICHTUNG FKM 55

		1885250		FITTING, ORFS FKM

		1787357		NACHRUESTSATZ FKM-DICHTUNG REXROTH 35

		1787356		NACHRUESTSATZ FKM-DICHTUNG REXROTH 45

		1787355		NACHRUESTSATZ FKM-DICHTUNG REXROTH 55

		1787358		NACHRUESTSATZ FKM-DICHTUNG REXROTH 55

		1245532		O-RING 195X3,5 FKM VITON

		1244410		O-RING 195X4,0 FKM VITON

		1849123		O-RING FKM 75  270-4FKM75-51414

		1072846		O-RING WN 52007 10,30X2,4 FKM

		40815030		O-RING WN 52007 100X2 FKM

		30905530		O-RING WN 52007 100X3 FKM

		30905640		O-RING WN 52007 105X3 FKM

		1072847		O-RING WN 52007 11,3X2,4 FKM

		1162361		O-RING WN 52007 110,72X3,53 FKM

		34850740		O-RING WN 52007 110X2 FKM

		1178750		O-RING WN 52007 112,00X5,30 FKM

		41192090		O-RING WN 52007 114X3 FKM

		30905750		O-RING WN 52007 120X3 FKM

		32813030		O-RING WN 52007 122X3 FKM

		32493220		O-RING WN 52007 124X3 FKM

		40481440		O-RING WN 52007 13,3X2,4 FKM

		37863650		O-RING WN 52007 130X3 FKM

		1433113		O-RING WN 52007 150X5 FKM

		41192860		O-RING WN 52007 158,34X3,53 FKM

		40481660		O-RING WN 52007 15X3 FKM

		1072848		O-RING WN 52007 16,3X2,4 FKM

		1440908		O-RING WN 52007 164,2X5,7 FKM

		1735149		O-RING WN 52007 164,47X5,33 FKM

		41192200		O-RING WN 52007 164,69X3,53 FKM

		41192970		O-RING WN 52007 171 4X3,53 FKM

		30906330		O-RING WN 52007 174X3 FKM

		40815580		O-RING WN 52007 177,39X3,53 FKM

		36011750		O-RING WN 52007 177X3 FKM

		40481330		O-RING WN 52007 18,3X2,4 FKM

		41192310		O-RING WN 52007 180X3 FKM

		32510400		O-RING WN 52007 183,74X3,53 FKM

		1433115		O-RING WN 52007 185X3 FKM

		32510510		O-RING WN 52007 18X3,5 FKM

		40481770		O-RING WN 52007 19,2X3 FKM

		1474008		O-RING WN 52007 194,5X3 FKM

		34865430		O-RING WN 52007 20,22X3,53 FKM

		32803000		O-RING WN 52007 200X4 FKM

		41193000		O-RING WN 52007 202,79X3,53 FKM

		1178071		O-RING WN 52007 22,00X2,00 FKM

		40481550		O-RING WN 52007 22,2X3 FKM

		40815140		O-RING WN 52007 220X2 FKM

		32493330		O-RING WN 52007 220X3 FKM

		41191840		O-RING WN 52007 221,84X3,53 FKM

		41214920		O-RING WN 52007 221,92X2,62 FKM

		34442590		O-RING WN 52007 228,19X3,53 FKM

		40815250		O-RING WN 52007 230X2 FKM

		41193110		O-RING WN 52007 234,54X3,53 FKM

		40481990		O-RING WN 52007 24,2X3 FKM

		1583709		O-RING WN 52007 25,0X3 FKM

		40816490		O-RING WN 52007 260X3 FKM

		41192640		O-RING WN 52007 260X3,5 FKM

		22576420		O-RING WN 52007 26X3 FKM

		1445296		O-RING WN 52007 285X4 FKM

		36011860		O-RING WN 52007 305X5 FKM

		37871640		O-RING WN 52007 30X2 FKM

		22576310		O-RING WN 52007 32,2X3 FKM

		40816380		O-RING WN 52007 329,79X3,53 FKM

		41192420		O-RING WN 52007 329,79X3,53 FKM

		34850630		O-RING WN 52007 34X2 FKM

		36002850		O-RING WN 52007 35,20X3 FKM

		40816270		O-RING WN 52007 350X4 FKM

		1275538		O-RING WN 52007 370X4 FKM

		22576530		O-RING WN 52007 40X3 FKM

		1178749		O-RING WN 52007 42X5 FKM

		1178072		O-RING WN 52007 45,00X2,00 FKM

		1586836		O-RING WN 52007 49,2X5,7 FKM

		40482020		O-RING WN 52007 49X3 FKM

		37875280		O-RING WN 52007 50X2 FKM

		34865650		O-RING WN 52007 53,57X3,53 FKM

		32224060		O-RING WN 52007 532,26X7 FKM

		40814890		O-RING WN 52007 56,82X2,62 FKM

		36015280		O-RING WN 52007 60,2X3 FKM

		1165984		O-RING WN 52007 60X2 FKM

		41192530		O-RING WN 52007 64,2X5,7 FKM

		31468510		O-RING WN 52007 66,27X3,53 FKM

		1298337		O-RING WN 52007 680X4 FKM V70GA

		6546190		O-RING WN 52007 69,2X5,7 FKM

		41216300		O-RING WN 52007 69,57X1,78 FKM

		36003320		O-RING WN 52007 70X3 FKM

		28277620		O-RING WN 52007 72,39X5,3 FKM

		1433116		O-RING WN 52007 730X4 80 FKM

		32492420		O-RING WN 52007 73X3 FKM

		36026550		O-RING WN 52007 75X2,7 FKM

		40481880		O-RING WN 52007 75X3 FKM

		1394568		O-RING WN 52007 800X6 FKM 80SH

		1394582		O-RING WN 52007 800X6 FKM 80SH BESCHICHT

		1440907		O-RING WN 52007 80X3 FKM

		30897470		O-RING WN 52007 82,15X3,53 FKM

		37866710		O-RING WN 52007 85X2 FKM

		30906220		O-RING WN 52007 85X3 FKM

		41191950		O-RING WN 52007 9,25X1,78 FKM

		41192750		O-RING WN 52007 9,3X2,4 FKM

		1166695		O-RING WN 52007 91,67X3,53 FKM

		30905420		O-RING WN 52007 94X3 FKM

		30035590		O-RING WN 52007 95X2 FKM

		1122107		ORING 114,00 X 1,78 FKM

		6535580		QUADRING WN 52004 100,96X5,33 FKM

		22228300		QUADRING WN 52004 104,15X5,18 FKM

		8981800		QUADRING WN 52004 104,15X5,33 FKM

		14993730		QUADRING WN 52004 110,5X5,33 FKM

		19649610		QUADRING WN 52004 113,66X5,33 FKM

		40810150		QUADRING WN 52004 113,90X3,53 FKM

		19906440		QUADRING WN 52004 120,02X5,33 FKM

		16005020		QUADRING WN 52004 120X7 FKM

		28277180		QUADRING WN 52004 145,4X7 FKM

		40812960		QUADRING WN 52004 15,47X3,48 FKM

		9274600		QUADRING WN 52004 177,16X7 FKM

		30636740		QUADRING WN 52004 18,2X3,48 FKM

		14585030		QUADRING WN 52004 183,5X7 FKM

		7561310		QUADRING WN 52004 20,22X3,53 FKM

		19906550		QUADRING WN 52004 215,27X5,33 FKM

		28277510		QUADRING WN 52004 215,3X7 FKM

		6535910		QUADRING WN 52004 234,32X5,33 FKM

		12440990		QUADRING WN 52004 253,4X7 FKM

		5264810		QUADRING WN 52004 25X3,53 FKM

		9818520		QUADRING WN 52004 28,17X3,53 FKM

		36013790		QUADRING WN 52004 29,75X3,53 FKM

		20782240		QUADRING WN 52004 291,5X7 FKM

		32223260		QUADRING WN 52004 304,17X5,18 FKM

		3859030		QUADRING WN 52004 31,35X3,53 FKM

		22230830		QUADRING WN 52004 36,09X3,48 FKM

		8684520		QUADRING WN 52004 37,7X3,53 FKM

		16376260		QUADRING WN 52004 39,2X5,33 FKM

		6533430		QUADRING WN 52004 40,64X5,33 FKM

		3855060		QUADRING WN 52004 43,8X5,33 FKM

		3857980		QUADRING WN 52004 47X5,33 FKM

		22235270		QUADRING WN 52004 50,16X5,18 FKM

		9814330		QUADRING WN 52004 50,16X5,33 FKM

		9814220		QUADRING WN 52004 53,35X5,33 FKM

		3854920		QUADRING WN 52004 56,5X5,33 FKM

		20794530		QUADRING WN 52004 59,7X5,18 FKM

		6533540		QUADRING WN 52004 59,7X5,33 FKM

		6111940		QUADRING WN 52004 69,2X5,33 FKM

		3859250		QUADRING WN 52004 69,45X3,53 FKM

		26997200		QUADRING WN 52004 72,4X5,18 FKM

		5265060		QUADRING WN 52004 72,4X5,33 FKM

		22230940		QUADRING WN 52004 72,62X3,48 FKM

		4683630		QUADRING WN 52004 75,56X5,33 FKM

		22576090		QUADRING WN 52004 81,9X5,18 FKM

		6108060		QUADRING WN 52004 81,9X5,33 FKM

		22576200		QUADRING WN 52004 85,1X5,18 FKM

		30632000		QUADRING WN 52004 88,26X5,18 FKM

		22235380		QUADRING WN 52004 94,6X5,18 FKM

		1689401		R-RING 9,81X1,5X1,78FKM80   R900017610

		30639910		RADIALWELLENDR WN 52002 100X120X12 A FKM

		1117941		RADIALWELLENDR WN 52002 110X130X12AS FKM

		1182596		RADIALWELLENDR WN 52002 110X140X12  FKM

		30631860		RADIALWELLENDR WN 52002 115X140X12 A FKM

		27773140		RADIALWELLENDR WN 52002 125X150X15 A FKM

		32216400		RADIALWELLENDR WN 52002 145X175X15 A FKM

		37897600		RADIALWELLENDR WN 52002 150X180X15 A FKM

		26997090		RADIALWELLENDR WN 52002 160X190X15 A FKM

		30631310		RADIALWELLENDR WN 52002 170X200X15 A FKM

		30631750		RADIALWELLENDR WN 52002 180X210X15 A FKM

		37896580		RADIALWELLENDR WN 52002 36X52X7 A FKM

		1289274		RADIALWELLENDR WN 52002 50X72X8 A FKM

		34821340		RADIALWELLENDR WN 52002 55X72X8 A FKM

		1433114		RADIALWELLENDR WN 52002 60X80X8 75FKM585

		30031950		RADIALWELLENDR WN 52002 65X80X8 B FKM

		1157515		RADIALWELLENDR WN 52002 65X85X10 A FKM

		28777380		RADIALWELLENDR WN 52002 68X90X10 A FKM

		1061196		RADIALWELLENDR WN 52002 70X85X8 A FKM

		37896690		RADIALWELLENDR WN 52002 70X90X10 A FKM

		30631970		RADIALWELLENDR WN 52002 80X100X10 A FKM

		28777490		RADIALWELLENDR WN 52002 80X100X12 A FKM

		28777600		RADIALWELLENDR WN 52002 85X110X12 AS FKM

		30036830		RADIALWELLENDR WN 52002 90X110X12 A FKM

		32216290		RADIALWELLENDR WN 52002 95X115X13 A FKM

		36015830		RUNDPROFIL WN 83016 GUMMI FKM 4

		1894137		SCHWENKVERSCHR.  M6/M8X1 F. FKM DICHTUNG

		1894138		SCHWENKVERSCHR. M6/M8X1 F. FKM U. ABST.

		1871756		SIMMERRING 090X110X07,5 BABSL1  75FKM595

		1424326		SIMMERRING BAUMSLX7 110-130-8 75FKM 585

		1963454		V-RING VL 400 FKM

		1266544		V-SEAL WN 52026 VA 135- 145 FKM

		40809960		V-SEAL WN 52026 VA 155- 165 FKM

		22235490		V-SEAL WN 52026 VA 165- 175 FKM

		37871750		V-SEAL WN 52026 VA 36- 38 FKM

		1081865		V-SEAL WN 52026 VA 48-53 FKM

		36003430		V-SEAL WN 52026 VA 68- 73 FKM

		29353900		V-SEAL WN 52026 VL 285- 310 FKM

		28263950		V-SEAL WN 52026 VL 335- 365 FKM

		1387483		V-SEAL WN 52026 VL 385- 410 FKM

		40838370		V-SEAL WN 52026 VL 410- 435 FKM

		22599430		V-SEAL WN 52026 VL 440- 480 FKM

		37846540		V-SEAL WN 52026 VL 530- 575 FKM

		11036430		X-RING 240,7X7 FKM

		1944185		DICHTUNG PTFE DN100 2MM

		1747635		FUEHRUNGSBAND FB-S PTFE BRONZE 9,7X2,5

		617261		GLEITBELAG PTFE40BZ 600X39X3

		1775164		GLEITBELAG PTFE40BZ 650X20X2,0

		1774916		GLEITBELAG PTFE40BZ 650X20X2,5

		617089		GLEITBELAG PTFE40BZ 650X20X3

		617090		GLEITBELAG PTFE40BZ 650X55X3

		617091		GLEITBELAG PTFE40BZ 650X70X3

		617296		GLEITBELAG PTFE40BZ 700X36X3

		620189		GLEITBELAG PTFE40BZ 838X20X3

		620188		GLEITBELAG PTFE40BZ 838X45X3

		1918109		KLEMMRING D=465/430X9 PTFE-RINGDICHTUNG

		459943		MANTELRING:TFMA 20- 13,9-3,0 PTFE552/60-

		474548		MANTELRING:TFMA 40- 32,8-3,8 PTFE552/60-

		472735		MANTELRING:TFMA 50- 42,8-3,8 PTFE552/60-

		446080		MANTELRING:TFMA 63- 50,8-7,3 PTFE552/60-

		459956		MANTELRING:TFMA 63- 50,8-7,3 PTFE552/60-

		214299		MANTELRING:TFMA 65- 52,8-7,3 PTFE552/60-

		473579		MANTELRING:TFMI 25- 32,2-3,8 PTFE552/60-

		446079		MANTELRING:TFMI 40- 47,2-3,8 PTFE552/60-

		1805279		S-RING 208X30/201-201,8 X 23,8 X 1- PTFE

		472734		STG-DICHTUNG TFMI35-42,2-3,8 PTFE552/60-

		459941		STG-DICHTUNG TFMI50-57,2-3,8 PTFE552/60-

		214300		STG-DICHTUNG TFMI52-59,2-3,8 PTFE552/60-

		1298316		STUETZRING SRI 58,00 5,10 1,5 PTFEF52814

		1448435		X-RING 126,37X5,33 NBR 80 / LF-PTFE

		1413566		GLYDRING  24,90 X 2,05 X 1,10

		1416979		GLYDRING  24,90 X 2,05 X 3,05

		1342757		GLYDRING  89,90 X 3,85 X 2,65

		31468400		GLYDRING BUSAK 67 /74,8X3,90

		30897580		GLYDRING BUSAK 82,2/89,9X2,65

		36024510		GLYDRING T WN 52034 120 PT0301200T46

		37857810		GLYDRING T WN 52034 125 PT0301250T46

		28266680		GLYDRING T WN 52034 200 PT0302000T40

		1796552		GLYDRING T WN 52034 PT0301100 - T46 N

		1219094		MONTAGEFLANSCH F.TURCON-ROTO-GLYD-RING

		1219102		MONTAGERING(F.TURCAN-ROTO-GLYD-RING)

		632707		ROTO GLYD RING TG3200500-T40N

		625159		ROTO GLYD RING TG3200630

		1801975		ROTO GLYD-K-RING-SATZ TG32K0750-T40V

		22582480		ROTO GLYD-RING-SATZ TG3 100300

		1181328		TURCON GLYD RING PG4400300-T40N

		1640207		TURCON GLYD RING PG4400380-M12N

		1312141		TURCON GLYD RING PG4600170-T46N

		1312142		TURCON GLYD RING PG4600300-T46N

		1312143		TURCON GLYD RING PG4600390-T46N

		1313697		TURCON GLYD RING PT0200320

		1383662		TURCON GLYD RING PT0200400

		1491829		TURCON GLYD RING PT0200500-T46-N

		461900		TURCON GLYD RING PT0200700-T46-N

		1410834		TURCON GLYD RING RT0301400-T46N

		202126		TURCON GLYD RING S30058-34

		256379		TURCON GLYD RING S30058-37

		202127		TURCON GLYD RING S30059-40

		1307878		TURCON ROTO GLYD RING KOMPL. M. O-RING

		1319134		TURCON ROTO GLYD RING M. O-RING D=140

		1384755		TURCON ROTO GLYD RING M.O-RING D=17

		1303069		TURCON ROTO GLYD RING M.O-RING D=180

		1400135		TURCON ROTO GLYD RING M.O-RING D=30

		1384756		TURCON ROTO GLYD RING M.O-RING D=39

		1330623		TURCON ROTO GLYD RING M.O-RING D=80

		1775380		TURCON ROTO GLYD RING T40N D=40

		601355		TURCON-ROTO-GLYD-RING GS56132-1500-10-N-

		601354		TURCON-ROTO-GLYD-RING GS56143-1500-10-N-

		645481		TURCON-ROTO-GLYD-RING TG3100320 T10/N

		1260788		DICHTUNG ANGST+PFISTER LUBRORING 3093/22

		1260789		DICHTUNG ANGST+PFISTER LUBRORING 6212/65

		1197126		LUBRORING  10,00X16,2X3,00  LC 225

		1197129		LUBRORING  20,00X13,8X3,00  LC 225

		1117478		LUBRORING  25,00X18,8X3,00  LC 225

		42378280		LUBRORING A+PF LRLRC 18 11.5912.2018

		1623780		LUBRORING LRC 3106/25 U.OR3106

		1445533		LUBRORING LRLRC 20,00 X 26,20 X 3,00 MM

		1623779		LUBRORING LRP 4087/30 U.OR4087

		1623781		LUBRORING LRP 6150/50 U.OR6150

		1428674		LUBRORING LRP 6250/75

		1171931		LUBRORING LRP 6300/90

		1723458		LUBRORING LRP 6387/110 + O-RING 6387

		1473636		DICHTUNG (VITON)

		1195762		DICHTUNGSSATZ VITON F.MK10NC

		1111945		KB POLYPAC-VITON,5"ID X5.75"OD X.375 THK

		1111943		KB V-RING, VITON

		1895847		LINEARGEHAEUSEEINHEIT MIT VITON DICHTUNG

		1120760		O-RING   45,00-05,00 VITON

		1235963		O-RING   48,00-02,00-VITON

		1235802		O-RING   50,00-03,00-VITON

		1235416		O-RING   58,00-02,00-VITON

		1315269		O-RING   63,09-03,53 VITON

		1064224		O-RING   65,00-03,00 VITON

		1235417		O-RING   70,00-03,00-VITON

		1064228		O-RING   70,00-04,00 VITON

		1247836		O-RING   75,00-03,00 VITON

		1222808		O-RING   84,00-02,00-VITON

		1219259		O-RING   84,00-03,00-VITON

		1247838		O-RING   85,00-03,00 VITON

		1388001		O-RING   95,00-03,00 VITON

		1064227		O-RING  105,00-03,00 VITON

		1248388		O-RING  110,00-03,00 VITON

		1248389		O-RING  115,00-03,00 VITON

		1237506		O-RING  124,00-03,00 VITON

		1062709		O-RING  270,00-02,50 VITON

		1065108		O-RING  270,00-03,00 VITON

		1078800		O-RING  285,00-03,00 VITON

		1921461		O-RING 10,00X2,00 VITON/FPM KESSLER

		1921455		O-RING 12,00X1,50 VITON/FPM KESSLER

		1921458		O-RING 120,00X2,00 VITON/FPM KESSLER

		1921457		O-RING 140,00X2,00 VITON/FPM KESSLER

		1245532		O-RING 195X3,5 FKM VITON

		1244410		O-RING 195X4,0 FKM VITON

		1964234		O-RING 273,00X3,50 VITON KESSLER

		1921460		O-RING 475,00X3,00 VITON/FPM KESSLER

		1921459		O-RING 518,5X3,00 VITON/FPM KESSLER

		1921456		O-RING 560,00X3,00 VITON/FPM KESSLER

		1914537		O-RING 6,00X2,00 VITON KESSLER

		1210389		O-RING RUNDSCHNUR 4,00   VITON

		1239681		O-RING RUNDSCHNUR 8,00   VITON

		1761405		O-RING WN 52007 192X3/01 VITON

		1158943		O-RING-PAKET VITON FREI F.RÜCKZUGBLOCK

		11335379		O-RING-VITON 3.937 ID X.070 CS

		11335380		O-RING-VITON 8.75 ID X .070 CS

		11335381		O-RING-VITON 9.25"ID X .070"CS

		1954176		PUMPE 24V;5A;VITON;3/8" MIT Ø14MM     

		1161855		QUADRING 304,39X3,53 VITON

		1963148		SCHWIMMERSCHALTER NIG-A-G.3/8" VITON

		1201900		SPERRVENTIL PATENT AS, DN 80, VITON

		1181586		VITON DICHTUNG EINT. STAR 25 1810-200-40

		1197609		VITON DICHTUNG EINT. STAR 35 1810-300-40

		1493827		VITON DICHTUNG STAR 45 R181040570

		1106926		VITON DICHTUNGSSATZ M-P-26-95-2109E

		614819		VITON O-RING  28X3

		614820		VITON O-RING  45X3

		614821		VITON O-RING  57X3

		614817		VITON O-RING  65X3

		614828		VITON O-RING  70X3

		614818		VITON O-RING  74X3

		614823		VITON O-RING 104X3

		614827		VITON O-RING 104X3

		614826		VITON O-RING 119X3

		614822		VITON O-RING 139X3

		614824		VITON O-RING 177X3

		612617		VITON O-RING 188X4

		614825		VITON O-RING 194X3

		612616		VITON O-RING 202X4

		1350280		VITON-DICHTUNG

		1090336		VITON-RING DECIMA 3415013.0

		1227762		VITONABSTREIFER 1TLG.STAR 25 1810-200-30

		1227061		VITONABSTREIFER 1TLG.STAR 35 1810-300-30

		1138370		VITONABSTREIFER 2TLG.STAR 35 1810-300-70

		1073160		VITONABSTREIFER 2TLG.STAR 45 1810-400-70

		42369380		VITONABSTREIFER 2TLG.STAR 55 1810-500-70

		1176598		VITONABSTREIFER INA ABRWU 25 D

		38999180		VITONABSTREIFER INA ABRWU 35 D

		38998930		VITONABSTREIFER INA ABRWU 45 D

		37877210		VITONABSTREIFER INA ABRWU 55 D

		40820950		VITONABSTREIFER SCHNEEBERGER ZCV 35

		40821090		VITONABSTREIFER SCHNEEBERGER ZCV 45

		40821200		VITONABSTREIFER SCHNEEBERGER ZCV 55

		1283411		ABSTREIFER ABE.RWU25-D-FPM-FE

		1965121		AXIALDICHTUNG  124X144X10 FPM TRYGONAL

		1916504		AXIALDICHTUNG  132X152X10 FPM TRYGONAL

		41215280		DICHTRING G 40X47X4 FPM INA

		1971521		DICHTUNG PTS 41.6 X 34.6 X 4/5 A01 FPM75

		1921461		O-RING 10,00X2,00 VITON/FPM KESSLER

		1921455		O-RING 12,00X1,50 VITON/FPM KESSLER

		1921458		O-RING 120,00X2,00 VITON/FPM KESSLER

		1921457		O-RING 140,00X2,00 VITON/FPM KESSLER

		1921460		O-RING 475,00X3,00 VITON/FPM KESSLER

		1921459		O-RING 518,5X3,00 VITON/FPM KESSLER

		1921456		O-RING 560,00X3,00 VITON/FPM KESSLER

		1640181		O-RING WN 52007 175X2 FPM-80

		1585082		O-RING WN 52007 291,5X7 FPM 80

		1585083		O-RING WN 52007 291,5X7 FPM 80 BESCHICHT

		1382664		O-RING WN 52007 371X4 FPM 75

		1545468		O-RING WN 52007 545X3 FPM

		1427865		O-RING WN 52007 745X7 FPM 80

		1427864		O-RING WN 52007 745X7 FPM 80 BESCHICHT

		1569051		O-RING X-H-ECOPUR60D,FPM80 20,6X25,6X4,6

		1544436		PROFILDICHTUNG WN 52021 DUESE 2995 FPM

		3856080		QUADRING WN 52004 36,10X3,53 FPM70; 4221

		1391488		RADIALWELLENDR 140X160X13VIA (FPM)

		1391490		RADIALWELLENDR 180X200X13VIA (FPM)

		40823570		RADIALWELLENDR INA G 50X58X4 FPM

		38995540		RADIALWELLENDR VKI 110X140X12 FPM

		38995430		RADIALWELLENDR VKI 70X90X10 FPM

		347808		WELLENDICHTRING 55X 70X10-BC-FPM

		1675382		WELLENDICHTRING AS 110X130X12 FPM

		1692056		WELLENDICHTRING AS 85X105X12 FPM

		1681238		WELLENDICHTRING DIN 3760 AS95X120X12 FPM

		347819		WELLENDICHTRING WDR  45* 60*10-BC-FPM

		298824		WELLENDICHTRING WDR  50* 72*10-AC-FPM

		463572		WELLENDICHTRING WDR  55* 70* 8-A-FPM

		302172		WELLENDICHTRING WDR  55* 70*10-AC-FPM

		354895		WELLENDICHTRING WDR  55* 72* 8-BA-FPM

		282618		WELLENDICHTRING WDR  55* 72*10-AC-FPM

		494016		WELLENDICHTRING WDR  55* 72*10-B-FPM

		463563		WELLENDICHTRING WDR  55* 72*10-BC-FPM

		348156		WELLENDICHTRING WDR  65* 85*10-AB-FPM

		269311		WELLENDICHTRING WDR  65* 85*10-AC-FPM

		347818		WELLENDICHTRING WDR  70* 90*10-BC-FPM

		348157		WELLENDICHTRING WDR  72* 95*10-BC-FPM

		348035		WELLENDICHTRING WDR  75* 95*10-BC-FPM

		348034		WELLENDICHTRING WDR  80*100*10-AB-FPM

		348158		WELLENDICHTRING WDR  90*110*10-AB-FPM

		463558		WELLENDICHTRING WDR 100*120*12-B-FPM

		320392		WELLENDICHTRING WDR 100*120*12-B2-FPM

		322321		WELLENDICHTRING WDR 100*125*12-AC-FPM

		347807		WELLENDICHTRING WDR 115*140*12-BC-FPM

		269343		WELLENDICHTRING WDR 130*170*12-AC-FPM

		1087092		WELLENDICHTRING WDR 45X62X 8 FPM

		5132310		X-RING 21,82X3,53 FPM 70 / AS-212

		1954099		ROTORDICHTUNG R09-FS SONDER 180X195X7,7

		1407761		ROTORDICHTUNG R99 ECOPUR 180X193,3X7,7-M

		1690102		ROTORDICHTUNG R99 ECOPUR 238X248X6,2-M

		1082539		ROTORDICHTUNG SEAL-JET 65X80X8 01SP ECO.

		20813310		ROTORING H BUSAK S-50992-2149-10N

		20813200		ROTORING H BUSAK S-50992-3014-10N

		20813420		ROTORING H BUSAK S-50993-3190-10N

		28642700		ROTORING WN 52033 115 GS56132-1150

		32496940		ROTORING WN 52033 120 TG3201200-T40 N

		40820620		ROTORING WN 52033 130 TG3201300-T40 N

		32497080		ROTORING WN 52033 140 TG4301400-T40 N

		1127518		ROTORING WN 52033 148 TG3201480-T40 N

		1127519		ROTORING WN 52033 160 TG3201600-T40 N

		1127520		ROTORING WN 52033 170 TG4301700-T40 N

		31301040		ROTORING WN 52033 22 GS56131-0220

		1148273		ROTORING WN 52033 230 TGYD461265Z52N

		41933580		ROTORING WN 52033 280 TG3402800-T40 N

		27772560		ROTORING WN 52033 40 GS56132-0400

		27772670		ROTORING WN 52033 42 GS56132-0420

		27772780		ROTORING WN 52033 45 GS56132-0450

		30391590		ROTORING WN 52033 58 GS56132-0580

		30391700		ROTORING WN 52033 70 GS56132-0700

		30391810		ROTORING WN 52033 80 GS56142-0802

		1654790		ROTORING WN 52033 90 TG4200900-T10N

		11036210		STÜTZRING WN 52019 160,20X169,90X2

		11035960		STÜTZRING WN 52019 170,20X183,35X2

		11036100		STÜTZRING WN 52019 225,20X237,90X2

		12449180		STÜTZRING WN 52019 230,20X243,5X2

		24818390		STÜTZRING WN 52019 A 120 S52029- 347

		1060674		STÜTZRING WN 52019 A 130 S52029- 425

		17909400		STÜTZRING WN 52019 A 158 S52029- 434

		29358450		STÜTZRING WN 52019 A 180 S52029- 439

		22218710		STÜTZRING WN 52019 A 192 S52029- 441

		26146700		STÜTZRING WN 52019 A 200 S52029- 442

		20759400		STÜTZRING WN 52019 A 255 S52029- 448

		20803390		STÜTZRING WN 52019 A 29 S52029- 212

		37837860		STÜTZRING WN 52019 A 300 BP64K2872

		22575290		STÜTZRING WN 52019 A 360 S52029- 456

		30034240		STÜTZRING WN 52019 A 40 S52029- 219

		16376150		STÜTZRING WN 52019 A 50 S52029- 326A

		15380780		STÜTZRING WN 52019 A 52 S52029- 326

		15367970		STÜTZRING WN 52019 A 58 S52029- 328

		30630730		STÜTZRING WN 52019 A 61 S52029- 329

		31301150		STÜTZRING WN 52019 A 64 S52029- 330

		19008010		STÜTZRING WN 52019 A 74 S52029- 333

		29359690		STÜTZRING WN 52019 A 80 S52029- 335

		28774430		STÜTZRING WN 52019 A 93 S52029- 339

		30042560		STÜTZRING WN 52019 A 96 S52029- 340

		15690380		STÜTZRING WN 52019 I 110 S52028- 348

		16005240		STÜTZRING WN 52019 I 120 S52028- 427

		26146810		STÜTZRING WN 52019 I 125 S52028- 429

		20803280		STÜTZRING WN 52019 I 14 S52028- 113

		15690270		STÜTZRING WN 52019 I 140 S52028- 434A

		29358340		STÜTZRING WN 52019 I 145 S52028- 435

		37837750		STÜTZRING WN 52019 I 210 BP64K2100

		16376040		STÜTZRING WN 52019 I 28 S52028- 216

		30630620		STÜTZRING WN 52019 I 33 S52028- 219

		19007980		STÜTZRING WN 52019 I 38 S52028- 222

		17909290		STÜTZRING WN 52019 I 75 S52028- 337

		24818280		STÜTZRING WN 52019 I 92 S52028- 342

		16005130		STÜTZRING WN 52019 I 95 S52028- 343

		1225725		KOLBENDICHTUNG PG44 00630-T46N

		622751		KOLBENDICHTUNG PS12 00250-T46N

		621031		KOLBENDICHTUNG PS12 01900-T46N

		274679		KOLBENDICHTUNG PS14 00120-T46N

		274680		KOLBENDICHTUNG PS14 00180-T46N

		446124		KOLBENDICHTUNG PS14 00200-T46N

		601999		KOLBENDICHTUNG PS14 00250-T46N

		604295		KOLBENDICHTUNG PS14 00285-T46N

		263549		KOLBENDICHTUNG PS14 00300-T46N

		622752		KOLBENDICHTUNG PS14 00320-T46N

		356720		KOLBENDICHTUNG PS14 00350-T46N

		636303		KOLBENDICHTUNG PS14 00400-T46N

		394950		KOLBENDICHTUNG PS14 00450-T46N

		615562		KOLBENDICHTUNG PS14 00550-T46N

		625942		KOLBENDICHTUNG PS14 00600-T46N

		381794		KOLBENDICHTUNG PS14 00630-T46N

		406266		KOLBENDICHTUNG PS14 00650-T46N

		381795		KOLBENDICHTUNG PS14 00700-T46N

		441549		KOLBENDICHTUNG PS14 00750-T46N

		375761		KOLBENDICHTUNG PS14 00800-T46N

		507153		KOLBENDICHTUNG PS14 00850-T46N

		444470		KOLBENDICHTUNG PS14 00900-T46N

		500441		KOLBENDICHTUNG PS14 00950-T46N

		352048		KOLBENDICHTUNG PS14 01000-T46N

		507156		KOLBENDICHTUNG PS14 01100-T46N

		444128		KOLBENDICHTUNG PS14 01150-T46N

		622025		KOLBENDICHTUNG PS14 01250-T46N

		601693		KOLBENDICHTUNG PS14 01300-T46N

		497181		KOLBENDICHTUNG PS14 01600-T46N

		608094		KOLBENDICHTUNG PS14 01650-T46N

		604951		KOLBENDICHTUNG PS14 01800-T46N

		1364173		KOLBENDICHTUNG PSK00 0120-T46N

		1364174		KOLBENDICHTUNG PSK10 0180-T46N

		1095437		KOLBENDICHTUNG PT00 00150-T46N

		497265		KOLBENDICHTUNG PT01 00160-T46N

		339397		KOLBENDICHTUNG PT01 00180-T46N

		1310117		KOLBENDICHTUNG PT01 00220-T46N

		1320803		KOLBENDICHTUNG PT01 00280-T46N

		604297		KOLBENDICHTUNG PT01 00300-T46N

		648855		KOLBENDICHTUNG PT01 00300-T46N

		268656		KOLBENDICHTUNG PT01 00320-T46N

		272625		KOLBENDICHTUNG PT02 00250-T46N

		632715		KOLBENDICHTUNG PT02 00320-T46N

		461904		KOLBENDICHTUNG PT02 00400-T46N

		479431		KOLBENDICHTUNG PT02 00480-T46N

		622799		KOLBENDICHTUNG PT02 00500-T46N

		608222		KOLBENDICHTUNG PT02 00600-T46N

		419600		KOLBENDICHTUNG PT02 00630-T46N

		406267		KOLBENDICHTUNG PT02 00650-T46N

		473922		KOLBENDICHTUNG PT02 00750-T46N

		1095441		KOLBENDICHTUNG PT02 00900-T46N

		602334		KOLBENDICHTUNG PT03 00700-T46N

		430501		KOLBENDICHTUNG PT03 00800-T46N

		620251		KOLBENDICHTUNG PT03 00850-T46N

		644777		KOLBENDICHTUNG PT03 00900-T46N

		645980		KOLBENDICHTUNG PT03 00900-T46N

		601677		KOLBENDICHTUNG PT03 01000-T46N

		604298		KOLBENDICHTUNG PT03 01000-T46N

		444139		KOLBENDICHTUNG PT03 01016-T46N

		478639		KOLBENDICHTUNG PT03 01250-T46N

		608107		KOLBENDICHTUNG PT03 01600-T46N

		309146		KOLBENDICHTUNG PT03 01700-T46N

		608096		KOLBENDICHTUNG PT04 01350-T46N

		602317		KOLBENDICHTUNG PT04 01700-T46N

		1224314		KOLBENSTANGENDICHTUNG PDD0 0 0120-T46N

		1224315		KOLBENSTANGENDICHTUNG PDD1 0 0180-T46N

		446096		KOLBENSTANGENDICHTUNG RS13 00100-T46N

		404953		KOLBENSTANGENDICHTUNG RS13 00120-T46N

		497266		KOLBENSTANGENDICHTUNG RS13 00150-T46N

		634050		KOLBENSTANGENDICHTUNG RS13 00160-T46N

		258569		KOLBENSTANGENDICHTUNG RS13 00200-T46N

		461899		KOLBENSTANGENDICHTUNG RS13 00220-T46N

		505197		KOLBENSTANGENDICHTUNG RS13 00250-T46N

		269349		KOLBENSTANGENDICHTUNG RS13 00280-T46N

		456004		KOLBENSTANGENDICHTUNG RS13 00300-T46N

		650046		KOLBENSTANGENDICHTUNG RS13 00320-T46N

		266799		KOLBENSTANGENDICHTUNG RS13 00350-T46N

		622798		KOLBENSTANGENDICHTUNG RS13 00360-T46N

		411737		KOLBENSTANGENDICHTUNG RS13 00380-T46N

		601998		KOLBENSTANGENDICHTUNG RS13 00400-T46N

		292657		KOLBENSTANGENDICHTUNG RS13 00500-T46N

		444129		KOLBENSTANGENDICHTUNG RS13 00560-T46N

		601691		KOLBENSTANGENDICHTUNG RS13 00600-T46N

		601690		KOLBENSTANGENDICHTUNG RS13 00700-T46N

		620250		KOLBENSTANGENDICHTUNG RS13 00750-T46N

		621030		KOLBENSTANGENDICHTUNG RS13 00800-T46N

		266796		KOLBENSTANGENDICHTUNG RS13 00900-T46N

		601692		KOLBENSTANGENDICHTUNG RS13 00950-T46N

		500535		KOLBENSTANGENDICHTUNG RS13 01000-T46N

		608095		KOLBENSTANGENDICHTUNG RS13 01300-T46N

		602316		KOLBENSTANGENDICHTUNG RS13 01400-T46N

		380693		KOLBENSTANGENDICHTUNG RS15 00100-T46N

		302624		KOLBENSTANGENDICHTUNG RS15 00120-T46N

		269636		KOLBENSTANGENDICHTUNG RS15 00200-T46N

		390333		KOLBENSTANGENDICHTUNG RS15 00250-T46N

		271611		KOLBENSTANGENDICHTUNG RS15 00300-T46N

		1095440		KOLBENSTANGENDICHTUNG RS15 00330-T46N

		266038		KOLBENSTANGENDICHTUNG RS15 00400-T46N

		500536		KOLBENSTANGENDICHTUNG RS15 00450-T46N

		292659		KOLBENSTANGENDICHTUNG RS15 00500-T46N

		627391		KOLBENSTANGENDICHTUNG RS15 00850-T46N

		282604		KOLBENSTANGENDICHTUNG RS15 01000-T46N

		626737		KOLBENSTANGENDICHTUNG RS15 01100-T46N

		1170211		KOLBENSTANGENDICHTUNG RT00 00100-T46N

		611389		KOLBENSTANGENDICHTUNG RT00 00140-T46N

		640017		KOLBENSTANGENDICHTUNG RT01 00250-T46N

		419602		KOLBENSTANGENDICHTUNG RT02 00250-T46N

		272406		KOLBENSTANGENDICHTUNG RT02 00350-T46N

		1170212		KOLBENSTANGENDICHTUNG RT02 00380-T46N

		461901		KOLBENSTANGENDICHTUNG RT02 00400-T46N

		626346		KOLBENSTANGENDICHTUNG RT02 00420-T46N

		292656		KOLBENSTANGENDICHTUNG RT02 00500-T46N

		604296		KOLBENSTANGENDICHTUNG RT02 00560-T46N

		309145		KOLBENSTANGENDICHTUNG RT02 00600-T46N

		622753		KOLBENSTANGENDICHTUNG RT02 00630-T46N

		622754		KOLBENSTANGENDICHTUNG TG41 00650-T46N
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