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Meeting Summary 

 
Background:  
 
Over the next few decades, the increase in hydrofluorocarbon (HFC) emissions could offset much of the 
climate benefit achieved by the earlier reduction in ozone-depleting substance (ODS) emissions.1  HFC 
use has been increasing as these substances are widely adopted as replacements for ODS being phased 
out under the Montreal Protocol on Substances that Deplete the Ozone Layer. In sectors such as foam 
insulation, refrigeration, and air conditioning, zero- to lower-global warming potential (GWP) 
alternatives are in various stages of development, or are already available. While there is no “one-size 
fits all” alternative, a growing range of commercialized or near-commercialized options are available 
that protect the ozone layer and are much less harmful to the climate system than high-GWP HFCs. 
These existing and emerging options allow enterprises and countries to take the next steps in the phase-
out of ozone-depleting chemicals, in particular hydrochlorofluorocarbons (HCFCs). 
 
In July 2012, the “Advancing Ozone & Climate Protection Technologies: Next Steps” conference was held 
in Bangkok, Thailand with over 400 participants, including representatives from industry, governments, 
environmental organizations, and academia. The conference included presentations addressing 
alternatives in the refrigeration, foam, and stationary air conditioning sectors. 
 
In June 2013, a second conference was held in Bangkok with a focus on alternatives for air conditioning, 
foams, and other sectors, and a special focus on standards for climate-friendly alternatives. This 
conference was organized by the United Nations Development Programme (UNDP), the United Nations 
Environment Programme (UNEP), the Climate and Clean Air Coalition to Reduce Short-Lived Climate 
Pollutants (CCAC), the United States of America, the European Commission, and The Alliance for 
Responsible Atmospheric Policy. The conference was held June 29 – 30, 2013, in Bangkok, Thailand on 
the weekend following the 33rd meeting of the Montreal Protocol Open-Ended Working Group. This 
conference offered the opportunity for stakeholders to share information and updates on technologies, 
policies, standards, and the availability and end-uses of climate-friendly alternatives.  
 
Approach:  
  
The conference addressed the technical aspects of the transition away from chlorofluorocarbons (CFCs) 
and HCFCs to more climate-friendly alternatives, especially in the air conditioning and foams sectors, 
with an additional focus on standards. Technical presentations provided current information on both 
fluorinated and non-fluorinated alternatives for various applications, refrigerant management best 
practices, and potential timelines and challenges for continued implementation of these alternatives.  
 

                                                           
1 UNEP 2011, HFCs: A Critical Link in Protecting Climate and the Ozone Layer – A UNEP Synthesis Report. 



Participants: 
 
Participants to this conference included Montreal Protocol delegates and policymakers; national ozone 
officers; climate/sustainability officers;  energy efficiency proponents; industry representatives; 
chemical producers and suppliers; standards setting organizations; recovery/reclamation/recycling/ 
destruction organizations; academia; corporate leaders that use significant amounts of fluorocarbons in 
products and equipment; and civil society stakeholders including environmental non-governmental 
organizations and industry associations. 
 
A final agenda, list of exhibitors, and summary of presentations are attached. Presentations are also 
available online at: http://www.bangkoktechconference.org 
 
Participation: 
International Organizations:  46 (including Multilateral Fund and Ozone Secretariats) 
Government Representatives:  106 (# Developing Countries, # Developed Countries) 
Industry Representatives:  83 
NGOs/Academia/Civil Society: 36   
Total Number of Participants: 271 (35% Female, 65% Male) 
 
 
 

List of Refrigerants Referred to in This Report 
Refrigerant Composition 100-yr Global Warming Potential 

(GWP) 
R-22 HCFC-22 1,810 

R-134a HFC-134a 1,430 

R-404A HFC-404A 3,922 

R-407A HFC-407A 2,107 

R-407F HFC-407F 1,825 

R-410A HFC-410A 2,088 

R-32 HFC-32 675 

R-152a HFC-152a 124 

R-141b HCFC-141b 725 

R-123 HCFC-123 77 

Solstice™-1234yf HFO-1234yf 4 

Solstice™-1234ze HFO-1234ze  

Solstice™-1234zd HFO-1234zd  

 HFO-1336mzz  

DR-5   

DR-7   
N-40   

R-290 Propane 3.3 

R-600a Isobutane 3 

R-744 Carbon Dioxide (CO2) 1 

R-717 Ammonia (NH3) 0 

  



ADVANCING OZONE AND CLIMATE PROTECTION TECHNOLOGIES: NEXT STEPS 

SECOND INTERNATIONAL CONFERENCE, BANGKOK 

29 – 30 JUNE 2013, UNITED NATIONS CONFERENCE CENTER, BANGKOK, THAILAND 

 
AGENDA 

 

SATURDAY, 29 JUNE 2013 

TIME AGENDA TOPIC SPEAKER/AFFILIATION 

08:00 Registration of participants  

Opening Session 

08:50 to 

09:00 

Welcome 
Dave Stirpe, The Alliance for Responsible 

Atmospheric Policy, USA 

Introduction of sessions and organization of work UNDP 

Session I: Technology Innovations, Opportunities and Challenges 

Moderated by Ahmed Saleem, Maldives 

09:00 to 

10:15 

Timeline for introduction of alternatives Mike Thompson, Ingersoll Rand, USA 

District cooling: experiences and opportunities Hajimi Yabase, Kawasaki, Japan 

AHRI Low Global Warming Potential Alternative 

Refrigerants Evaluation Program 

David Calabrese, Air-Conditioning, Heating, 

and Refrigeration Institute (AHRI), USA 

Discussions/Q&A All participants 

Tea/Coffee Break 

Session II: Policy and Regulatory Initiatives  

Moderated by Alessandro Peru, Italy 

10:30 to 

12:00 

Progress on the upcoming EU F-gas regulation Philip Owen, European Commission 

Promotion of further measures toward fluorinated gases Keiko Shindo & Hitomi Kimura, Japan 

Ozone and climate-friendly alternatives: successes and 

challenges 
Augustín Sánchez Guevera, Mexico 

Discussions/Q&A All participants 

Lunch Break  

Session III: Air Conditioning  

Moderated by Lambert Kuijpers, Netherlands 

13:15 to 

15:15 

Our experience in developing and handling hydrocarbon 

air conditioners 
Dilip Rajadhyaksha, Godrej, India 

Conversion to HCFC-free technologies in commercial air 

conditioning 

Iwan Chandra, Gita Mandiri Tehnik, 

Indonesia  

Update on low-GWP refrigerants for air conditioning Lawrence Chin, Honeywell, Singapore 

Insights into design and marketing challenges with low-

GWP refrigerants 
Mike Thompson, Ingersoll Rand, USA 

Experience with manufacturing R-290 air conditioners Tanun Sattarujawong, Haier, Thailand 

Discussions/Q&A All participants 

Tea/Coffee Break 

15:30 to 

17:30 

Low-GWP alternatives in air-conditioning Paul de Larminat, Johnson Controls, France 

Promising low-GWP options in air conditioning 

applications 
Rajan Rajendran, Emerson, USA 

Update on R-32 air-conditioners and heat pumps 

manufacturing and sales 
Mark Stanga, Daikin, USA 

R&D R-290 AC in Midea Zhiyong Liu, Midea, China 

Component technologies for low-GWP refrigerants in 

A/C 

Torben Funder-Kristensen, Danfoss, 

Denmark 

Discussions/Q&A All participants 

Close of Day 1 

Reception hosted by European Commission at 18:00 

 



 

SUNDAY, 30 JUNE 2013 

TIME AGENDA TOPIC SPEAKER/AFFILIATION 

Session IV: Standards 

Moderated by Emmanuel Osae-Quansah, Ghana 

09:00 to 

10:00 

International safety standards (ISO & IEC) and 

flammable refrigerants 

Osami Kataoka, The Japan Refrigeration and 

Air Conditioning Industry Association 

(JRAIA), Japan 

Standards needed to allow new alternatives to come 

into the market 
Kevin Lee, Heatcraft, Australia  

Standards Torben Hansen, Johnson Controls, Denmark 

Discussions/Q&A All participants 

Tea/Coffee Break 

Session V: Foams 

Moderated by Philippe Chemouny, Canada 

10:15 to 

11:30 

Low-GWP alternatives for the foams sector Helen Walter-Terrinoni, DuPont, USA 

Low-GWP impact, high efficiency blowing agents Eric Yang, Honeywell, China 

Cost effective alternative in PU foam applications – 

International perspective developments and trends 
Raul Dacomba, Foam Supplies, Inc., USA 

Discussions/Q&A All participants 

Session VI: Aerosols, Fire-extinguishing and Solvents Sectors  

Moderated by Ella Deocadiz, Philippines 

11:30 to 

12:15 

Experience with HCFC phase-out in manufacturing of 

disposable medical devices 
Zhang Qian, Zhejiang Group, China 

Re-evaluating Halon 1211 replacements Bradford Colton, Halotron, USA 

Discussions/Q&A All participants 

Lunch Break (Lunch hosted by European Commission) 

Session VII: Sustainable Refrigerant Management  

Moderated by Vika Rogers, Fiji 

13:15 to 

14:30 

Review of Life Cycle Climate Performance (LCCP) 

analysis 
Yunho Hwang, University of Maryland, USA 

Recovered refrigerant management – the installed bank 

as a transitioning resource 

Michael Bennett, Refrigerant Reclaim 

Australia 

Opportunities for sustainable refrigerant management, 

especially in the context of the European F-Gas 

Regulation 

Andrea Voigt, European Partnership for 

Energy and the Environment (EPEE), 

Belgium 

Discussions/Q&A All participants 

Tea/Coffee Break 

Session VIII: Civil Society, Government and Corporate Initiatives 

Moderated by John Thompson, United States 

14:45 to 

16:30 

NGO perspective on adoption of low-GWP alternatives 
Clare Perry, Environmental Investigation 

Agency (EIA), UK 

Natural refrigerant market development trends: global 

overview 
Marc Chasserot, Shecco, Belgium 

Initiative to encourage uptake of low-GWP, energy 

efficient alternatives 
Claudia Becker, Refrigerants, Naturally! 

RAD partnership: ozone and climate benefits through 

responsible recycling 

Cindy Newberg, U.S. Environmental 

Protection Agency, USA 

Leveraging ozone and climate opportunities: CCAC 

and other mechanisms 

Danielle Grabiel, Institute for Governance and 

Sustainable Development (IGSD), USA 

Discussions/Q&A All participants 

Closing Session 

16:30 Wrap-up and thanks Philip Owen, European Commission 



Closure of workshop 

  



List of Exhibitors 

ADVANCING OZONE AND CLIMATE PROTECTION TECHNOLOGIES: NEXT STEPS 

SECOND INTERNATIONAL CONFERENCE, BANGKOK 

 

ALTERNATIVE TECHNOLOGY EXHIB ITION 

27 – 30 JUNE 2013, UNITED NATIONS CONFERENCE CENTER, BANGKOK, THAILAND 

 

 

 

Booth 

No.  
Company name Country Products 

1 3M  USA Fire-extinguishing chemicals, aerosols and solvents 

2 Daikin USA/Japan Air-conditioning, refrigerants 

3 JRAIA/Asada Corporation Japan Industry association - refrigeration 

4 DuPont USA Blowing agents, refrigerants, fire-extinguishing chemicals 

5 
Emerson Climate 

Technologies 
USA Compressors 

6 Foam Supplies, Inc. USA Polyurethane foam systems 

7 PT. Gita Mandiri Tehnik  Indonesia Commercial Air-conditioning 

8 
Godrej and Boyce 

Manufacturing Co. Ltd. 
India Room Air-conditioners and other home appliances 

9 Guangdong Meiji (GMCC) China Compressors 

10 Halotron USA Fire-extinguishing chemical 

11 Honeywell USA Blowing agents, Refrigerants 

12 Industrial Foams India Polyurethane foam systems and products 

13 Kawasaki Japan Industrial refrigeration / Absorption chillers 

14 Refrigerants, Naturally! Global Industry organization 

15 Shecco Belgium Industry organization / Informational booth 

16 UNDP Global Informational booth 

17 UNEP Global Informational booth 

18 

The Alliance for 

Responsible Atmospheric 

Policy 

USA Industry organization / Informational booth 

  



Summary of Presentations 

Mr. Balaji Natarajan, Technical Specialist at UNDP, served as emcee for the first day of the conference. 
He introduced each of the panels as well as the Opening Session’s participants. On the second day of the 
conference, Mr. Atul Bagai, Senior Regional Coordinator of UNEP Regional Office for Asia and the Pacific, 
served as the emcee and introduced each of the panels and the Closing Session’s participants. 
 
OPENING SESSION 
 
Mr. Dave Stirpe, Executive Director of The Alliance for Responsible Atmospheric Policy, welcomed 
workshop participants to the conference. This second international conference, focusing on the Next 
Steps for ozone and climate protection technologies, had over 300 registered participants. Mr. Stirpe 
commented that the sponsors of the workshop had debated whether there was enough new 
information from last year to present, and the answer was a resounding yes. The workshop was 
preceded by the Open-Ended Working Group (OEWG) meetings for the Montreal Protocol, where there 
were many interventions about the need for low-GWP alternatives and questions regarding whether we 
would be prepared for an HFC phase-down, as well as statements regarding the availability and near 
commercialization of new products and technologies. He expressed the hope that everyone would come 
away from the conference being better informed and prepared.  
 
 
SESSION I: TECHNOLOGY INNOVATIONS, OPPORTUNITIES AND CHALLENGES  
moderated by Ahmed Saleem, Maldives 
 

Policy and technology challenges with HFC regulation 
Mike Thompson, The Alliance for Responsible Atmospheric Policy/Ingersoll Rand, United 
States 

There has been a lot of progress in phasing out HFCs, which make up 1-2 percent of total greenhouse 
gas (GHG) emissions, but HFCs are very potent greenhouse gases and their growth rate is significant. 

¶ A phase-down approach is the best approach to allow industry to transition to low-GWP 
alternatives as they become available.  

¶ Regulatory certainty is critical for the industry to move forward with developing alternatives and 
new products, as this is a costly, complex, and multi-year process. Industry will not want to 
invest without reason.  

¶ The Alliance recommends management of HFCs because this group knows how to reasonably 
phase down gases without any unintended consequences.  

¶ Flexibility in the level of GWPs is also key. The acceptable GWP level (i.e., “high” or “low”) is 
dependent on the application, average leak rate, recovery rate at end-of-life, safety 
requirements (flammability and toxicity), and performance requirements (90 percent of 
emissions from air conditioning (AC) systems is from electricity generation). Not all technologies 
will work in every application. 

¶ Industry and government cooperation is needed for quick and appropriate safety standard and 
code development and adoption, particularly for refrigerants that are slightly flammable.  

¶ Next generation refrigerants include “natural” refrigerants, such as carbon dioxide (CO2), 
ammonia (NH3), propane (R-290), and other hydrocarbons, and low-GWP fluorocarbons (e.g., 
HFO-1234yf, HFO-1234ze, HFO-1233zd, and HFO-1336mzz) 



An 85 percent reduction in HFCs is possible, but policy needs to be in place first, and then technology 
will follow.  
 

District Cooling: experiences and opportunities in case of absorption chiller 
Hajime Yabase, Kawasaki Thermal Engineering, Japan  

Kawasaki Thermal Engineering manufactures absorption chillers, which are used for area air 
conditioning (e.g., for small to large buildings, shopping malls, airports) and process chilling systems for 
industrial plants. These systems incorporate a centrifugal chiller (only chilled water) and a boiler (only 
hot water) to provide both cooling and heating, and they have charge sizes between 100 and 10,000 
tons. Absorption chillers use water as the refrigerant, and can be powered by solar or geo-thermal 
energy, whereas electric chillers use Freon. In Japan, absorption chillers are used because of their high 
efficiency. The most recent model (triple effect, hot water plus gas) has a coefficient of performance 
(COP) of 1.7, compared to an average COP of 1.1 to 1.2 for other systems used throughout the world.  
Absorption chillers powered by solar energy are also highly efficient. 
 

AHRI Low Global Warming Potential Alternative Refrigerants Evaluation Program 
David Calabrese, Air-Conditioning, Heating, and Refrigeration Institute (AHRI), 
United States/North America 
 
The Air-Conditioning, Heating, and Refrigeration Institute (AHRI)’s Low-GWP Alternative Refrigeration 
Evaluation Program (Low-GWP AREP) is a research program to identify suitable alternatives to high-GWP 
refrigerants considering a variety of factors including safety, energy efficiency, availability, economics, 
GWP, and operating factors (e.g., pressure, compatibility with lubricants, metals and alloys within 
refrigeration and AC equipment, and flammability). 

¶ The program began in March 2011, with final reports expected in late 2013. The reports will 
provide objective information on performance of a variety of refrigerants and applicability in a 
variety of applications; the program does not prioritize refrigerants. Test results will be available 
at: http://www.ahrinet.org/ahri+low_gwp+alternative+refrigerants+evaluation+program.aspx 

¶ Baseline refrigerants include R-134a, R-404A, R-410A, and R-22. 

¶ Applications tested include air-conditioners and heat pumps, chillers, heat pump water heaters, 
refrigeration (commercial, ice machine), transport refrigeration, and bus air-conditioning. 

¶ A total of 38 refrigerants were evaluated that ranged from A1 (no flame propagation) to A3 
(higher flammability), and included a variety of blends, including those with HFCs and 
unsaturated HFCs, also known as hydrofluoroolefins (HFOs). Sixteen U.S.-based and five 
international organizations conducted tests on 38 candidate refrigerants. 

¶ Testing included a compressor calorimeter test, system drop-in test (only minor modification 
allowed), and system “soft-optimization” test. 

¶ AHRI is also considering a second round of testing to address gaps (e.g., testing at high ambient 
temperature conditions) 

¶ Initial test results for heat pumps in cooling mode indicate that an R-32/R-152a blend performed 
best. 

 

Discussions/Q&A 
 
During the question and answer period for Session I, the following points were clarified: 
 

http://www.ahrinet.org/ahri+low_gwp+alternative+refrigerants+evaluation+program.aspx


One participant asked Mike Thompson to explain the difference between controlling HFCs under the 
Kyoto Protocol versus under the Montreal Protocol.  

¶ Mr. Thompson explained that under the Kyoto Protocol, chemical emissions are managed based 
on a cap-and-trade or carbon tax mechanism. Since HFCs are so potent, a market-based 
mechanism could cause widely fluctuating prices for HFCs and create volatility in the market. 
There could be minimum impact for low-GWP HFCs, but the prices of alternatives could 
encourage people to use gases that are less energy efficient. A managed phase-down under the 
Montreal Protocol would be a better option to regulate HFCs, for the most efficient products to 
become available. 

 
One participant asked Hajime Yabase about the temperature limitation for absorption chillers systems, 
and the difference in price.  

¶ Mr. Yabase explained that absorption chillers in Japan typically operate in a maximum 35°C 
environment. Dry, desert countries would need to use a cooling tower with the appropriate 
operating temperature. These hybrid systems are simple to operate, and any major cost would 
be associated with working costs.  

¶ Mr. Calabrese of AHRI noted that AHRI has identified T3 (high ambient temperature) testing 
conditions as a prominent data gap in the Low-GWP AREP, and it will be one of the first testing 
conditions considered for the second round of testing.  

 
One participant requested additional information on the assumptions that were taken into account to 
calculate that direct emissions from AC leaks result in 10 percent of emissions and emissions from 
power generation account for 90 percent.  

¶ Mr. Thompson clarified that the estimate is on the higher end in terms of contribution of HFCs 
to emissions from AC systems. The heating, ventilation, and air conditioning (HVAC) industry as 
a whole achieves less than 2 to 5 percent annual leakage rates, and could be less than 0.5 
percent. Compared to CFC systems, there has been a significant decrease in GHG emissions from 
leakage.   

 
One participant requested clarification from Mike Thompson on how countries or end-users should 
eventually decide which refrigerant to use.  

¶ Mr. Thompson noted that AHRI would like future regulations to be flexible and less specific, so 
that the appropriate chemicals are used. If regulations are too specific, the prices of alternatives 
can be driven up. Flexibility allows for substitutes that span a range of GWPs, which can cover all 
applications safely and cost-effectively. Reports from the Montreal Protocol’s Technology and 
Economic Assessment Panel (TEAP) and other bodies can also provide additional advice on this 
issue.  

 
SESSION II: POLICY AND REGULATORY INITIATIVES  
moderated by Alessandro Peru, Italy 
 

Progress on the upcoming EU F-gas regulation 
Philip Owen, Directorate-General for Climate Action, European Commission 
 
The proposed revision to the European Union’s (EU) regulation on fluorinated greenhouse gases (F-
gases) covers HFCs, sulfurhexafluoride (SF6), and perfluorocarbons (PFCs) (with reporting requirements 
for hydrofluoroethers (HFEs) and HFOs) and includes the following features: 



¶ Maintain and improve containment measures; 

¶ Phase-down of HFC supply to 21 percent of current levels by 2030, with a freeze in 2015 and 
first reduction step in 2016. There will be a quota system for HFC supply, including free 
allocation to producers and importers based on reported data, with a reserve for new entrants; 
and 

¶ Bans on pre-charging equipment, certain new F-gas equipment/products, and using high-GWP 
HFCs for servicing of equipment 

Areas for final agreement include additional bans, producer responsibility schemes, a pre-charging ban 
for non-hermetically sealed equipment or tracking system, allocation of quotas, and actual phase-down 
steps. However, there is broad political consensus for a quick outcome. The European Commission (EC) 
believes this revision will spur innovation, demonstrate the availability of low-GWP alternatives, and 
reduce the costs of a global HFC phase-down.  
 

Promotion of further measures toward fluorinated gases: Outline of the amendment 
of Japan’s Fluorocarbons Recovery and Destruction Law 
Keiko Shindo and Hitomi Kimura, Ministry of Economy, Trade and Industry & 
Ministry of the Environment, Japan 
 
In Japan, a revision to the Fluorocarbon Recovery and Destruction Law was approved on June 5, 2013. 
By 2020, HFC emissions in Japan are estimated to be double the 2010 level under the business-as-usual 
scenario. Approximately 80 percent of these projected emissions will be from the AC sector. The low 
rate of recovery of used refrigerants (30 percent) and leakage from refrigeration and AC equipment are 
current issues in Japan. The revision of the Fluorocarbon Recovery and Destruction Law will address 
these issues through: 

¶ Phase-down of fluorinated gases – Harmonization with international agreements to increase 
dependence on low-GWP equipment and products and use of recovered HFCs; 

¶ Promotion of low-GWP equipment and products; 

¶ Containment from commercial equipment through mandatory leakage checks; and 

¶ Fillers and recyclers are required to be registered and approved by the government.  
 

Ozone and climate-friendly alternatives: successes and challenges, Mexico’s Case 
Augustín Sánchez Guevera, La Secretaría de Medio Ambiente y Recursos Naturales 

(SEMARNAT), Mexico 

Mexico’s HCFC Phaseout Management Plan (HPMP) schedule sets a 30 percent reduction goal by 2018 
and 35 percent by 2020. HCFC-141b represents a very large percentage of potential reductions. 
Challenges to phasing out HCFCs include the presence of existing stock of old equipment in poor 
condition with low efficiency, and the inclination of companies to continue to use existing chemicals and 
a hesitancy to switch to alternatives. In addition, Mexico would like to move away from production of 
HCFCs (e.g., HCFC-22) and to reduce their reliance on HCFCs and HFC, where feasible. For example, 
within the foams, commercial refrigeration, and domestic refrigeration sectors, Mexico has been moving 
toward hydrocarbons (e.g., methylal). The HPMP Second Stage includes an up to 60 percent reduction 
by 2020 and will target the remaining end-uses within the foam and aerosol sector, flushing services 
(i.e., phaseout of HCFC-141b applications), and the extruded polystyrene (XPS) sectors. The third stage 
of Mexico’s HPMP targets servicing, remaining manufacturing sectors, and the production sector. 
Throughout all of their HCFC-phase-out activities, Mexico will be targeting switching to non-HFC 
technologies, where feasible.  



 

Discussions/Q&A 
 
During the question and answer period for Session II, the following points were clarified: 
 
One participant asked whether standards could be made on an international scale, so countries that are 
evaluating multiple products can determine which are internationally recognized.  
 

¶ Mr. Owen responded that global standards would be ideal, and they would reduce 
administrative costs for multi-national suppliers. Mr. Owen also noted that the challenge will be 
in developing the political will to implement global standards, which the EU would support.  

¶ David Doniger from the National Resources Defense Council  (NRDC) followed up by noting that 
the NRDC and other organizations petitioned the United States Environmental Protection 
Agency (U.S. EPA) to change the way their Significant New Alternatives Policy (SNAP) program is 
used to address the removal of old alternatives by revoking their approval so that they can no 
longer be used.  

¶ Mr. Sánchez Guevera responded that an energy efficiency standard could be used to discontinue 
older equipment that would no longer meet those standards. In additional, local standards could 
help support a phase-down.  

 
One participant asked about the criteria used to determine the sectoral approach to the HFC phase-
down in Japan.  

¶ Ms. Shindo responded that the sectoral approach to the HFC phase-down in Japan targeted 
certain sectors with low-replacement costs and technical considerations, such as GWP, as 
appropriate.  

 
One participant noted that in Australia, there has been a remarkable uptake in “natural” refrigerants 
due to carbon pricing, and wondered if there was potential for the European Parliament to take a 
carbon market approach to their HFC allocations versus a commodities phase-down.  

¶ Mr. Owen noted that the EC did not include a fee in its allocation scheme in its proposed 
revision, but further review by The European Review and the EU Council may choose to consider 
fees in their mark-up of the legislation.   

 
One participant requested further elaboration on the free allocation of HFCs to producers and importers 
in the EU F-Gas regulation.  

¶ Mr. Owen explained that the EC proposed to allocate the quota of HFCs on the basis of historical 
quotas from 2008 to 2011 (which will likely be updated before finalization). Five percent of the 
overall quota will be reserved for new entrants, so they will not be excluded just because they 
are not part of the historical baseline. 

 
 

SESSION III: AIR CONDITIONING  
moderated by Lambert Kuijpers, Netherlands 
 

Development and handling hydrocarbon air-conditioners: the Godrej experience 
Dilip Rajadyaksha, Godrej, India 
 



Godrej & Boyce Manufacturing Company transitioned directly from CFCs to hydrocarbons (specifically 
propane, R-290) in their air-conditioners through a program with assistance from GIZ, the Deutsche 
Gesellschaft für Internationale Zusammenarbeit (German Society for International Cooperation). Godrej 
was already producing isobutane domestic refrigerators, and so their facility was generally able to safely 
handle hydrocarbons. Some lab modifications were required, including multi-point sensing gas 
detectors, auto exhaust systems, static electricity prevention equipment, and fire emergency devices, in 
order to test and produce R-290 air conditioners on a pilot scale. To maximize performance and 
minimize charge size, Godrej determined that the use of micro-channel condensers with smaller (5 mm 
or lower) diameter condenser tubes increased the COP by 16 percent, reduced power consumption by 
20 percent, and required a charge size of 360 grams, which complies with European Standard EN 378, 
for a typical 5 kilowatt (kW) AC unit (the maximum charge size for such equipment is 361 grams of R-290 
under EN 378). A tri-party agreement between the India Ozone Cell, GIZ, and Godrej began in December 
2010 to set-up a manufacturing facility that could produce 180,000 split and window-type R-290 AC 
units annually. Pilot production began in April 2012, and similar safety measures were taken in the 
manufacturing facility as those taken in the laboratory. More than 25,000 units have been manufactured 
and sold to date. No incidences with manufacture, transportation or installation have been reported, 
and Godrej has a service training program in place for technicians and engineers. At high ambient 
temperatures, cooling capacity of R-290 compared to R-22 is seven percent lower at rating conditions 
(35°C), and becomes marginally greater at higher temperatures (up to 52°C) by three percent. COP also 
begins to decline at higher temps. Godrej has plans to drive the charge quantity down even further by 
improving efficiency and using narrower condenser tubes.  
 
Mr. Rajadyaksha clarified the following points about the presentation in response to questions from 
participants: 

¶ The presentation referenced Kuwait’s Code of Practice for design heat loads to correlate charge 
size with room size. Only 75 percent of the charge can leak out.  

¶ Godrej’s R-290 units are 5-6 percent higher in price, but there is a payback period of about one 
year due to energy efficiency savings. 

¶ For a drop-in test, retrofitting an R-22 system for R-290 would have a seven to eight percent 
lower efficiency, so the compressor size is increased to account for that. 

 

Conversion to HCFC-free technologies in commercial air conditioning 
Iwan Chandra, PT Gita Mandiri Tehnik, Indonesia 
 
PT Gita Mandiri Tehnik (AICOOL) has three factories in Indonesia that produce refrigeration and air-
conditioning equipment for commercial and industrial applications. AICOOL has been seeking alternative 
technologies since 2010 for polyurethane (PU) sandwich foams and refrigeration and air-conditioning 
production for Indonesia’s HPMP. Rooftop, ducted split, and air cooled chillers (charge up to 80 kg) are 
produced using R-290. The challenges with producing R-290 AC units include finding high quality R-290, 
using the appropriate components for R-290 systems (warranty claim), finding skilled technicians, and 
addressing customer perceptions, particularly with exported units (e.g., addressing the fear of 
flammability, appreciating the energy efficiency of R-290 systems). Prototypes for air-cooled chillers, 
rooftop package and ducted-split ACs using R-32 should be available by April 2014. Cyclopentane is 
being used as a blowing agent in PU sandwich panel discontinuous foam production lines.  
 
Mr. Chandra clarified the following points about the presentation in response to questions from 
participants: 



¶ There have been many challenges in Indonesia with introducing R-290 into the market, so 
eventually R-32 will be the main refrigerant line.  

¶ Currently only one domestic AC manufacturer is producing R-32 AC units, and there are five 
other companies that produce commercial AC systems in Indonesia. The commercial units range 
between five and 30 horsepower (hp), and they are all transitioning to R-32.  

¶ R-32 units will be slightly more expensive than current R-22 units, but R-32 units would be much 
less expensive than R-290, because there are so many additional safety restrictions required 
during production of R-290 systems and for maintenance and servicing of these systems.  

¶ AICOOL will be producing the same size units for R-32 as R-22, and ducted split and rooftop 
systems will be 3 hp. For chillers, units will be up to 200 hp. 

 

Update on low-GWP refrigerants for air conditioning 
Lawrence Chin, Honeywell, Singapore 
 
Honeywell’s Solstice™ L- and N-series blends contain HFO-1234yf or HFO-1234ze and other products 
and are currently being evaluated under AHRI’s Low-GWP AREP (see earlier presentation by AHRI). 
Solstice™ HFOs are good for low- and medium-pressure applications. Solstice™ 1234yf (for applications 
including automobile AC, refrigerators, vending) is commercially in use by the auto industry, and 
Solstice™ 1234ze (chillers, carbon dioxide (CO2) cascades, refrigerators) and Solstice™-1233zd 
(centrifugal chillers) is under commercial development and will be available by Quarter 2 next year in 
the United States. A ductless mini-split AC system evaluated with Solstice™ L-41 has achieved higher 
efficiency for both heating and cooling at T1 (moderate) temperatures compared to R-410A. Capacity 
and efficiency results match R-410A performance with higher displacement compressor. Haier is 
producing the first Solstice™ L-41 AC system. At standard and high ambient temperatures, L-20 performs 
better than R-410A systems and it closely matches R-22’s performance, but users will still have to deal 
with issues such as high pressure. Solstice™ N-20 systems would need a larger compressor (25 percent) 
and heat exchanger (10 percent) to perform at high ambient temperatures. Honeywell has developed a 
family of low-GWP refrigerants available for testing at all temperature ranges. 
 
Mr. Chin clarified the following points about the presentation in response to questions from 
participants: 

¶ Solstice™ 1234ze is Honeywell’s intended replacement for HCFC-123, based on initial testing. 
For medium temperature applications, there would need to be a smaller diameter compressor 
to get the same efficiency.  

¶ Honeywell wants to provide consumers with a variety of choices based on their needs and does 
not have plans to eventually focus only on one type of Solstice™ blend.  

 

Insights into design and marketing challenges with low-GWP refrigerants 
Mike Thompson, Ingersoll Rand, United States 
 
There are many alternatives for AC systems, especially A2L (mildly flammable) refrigerants. A number of 
such substitutes, including HFO and HFO/HFC blends require that HFCs will continue to be used into the 
future. Many of these HFO and HFO/HFC blend options are also very energy efficient, and match well (or 
surpass) the efficiencies of HFCs they would be replacing. In most cases, these alternatives are not yet 
commercially available. Ensuring that the products being developed are available on the market requires 
legislative certainty (i.e., an HFC phase-down).  
 



Specifically, recognizing that refrigerant capacities can drop-off at high ambient temperatures, R-22 is 
the best performer and R-410A is the worst. Many of the HFO and HFO/HFC blend alternatives under 
development can be expected to perform well in high ambient temperature conditions, but without 
regulatory certainty, there is little incentive to develop alternatives to R-410A.  This will pose a direct 
threat to countries with high ambient temperatures that are required to phase out HCFCs.   
 
Mr. Thompson clarified the following points about the presentation in response to questions from 
participants: 

¶ There are currently publically available test results for refrigerant systems operating at high 
ambient temperatures. 

¶ Companies are not going to invest money to make products with the same efficiency as 
products available today, unless there is a regulatory push. The Montreal Protocol is the best 
body to give the market the push it needs to make alternatives commercially available, because 
the phase-down approach sends a message that alternatives can penetrate the market. 

¶ Next generation HFOs make very good low pressure refrigerants, pretty good medium pressure 
refrigerants, but not good high pressure refrigerants. Unitary AC, scroll, and reciprocating 
compressor systems tend to operate at high pressure because it makes them lighter, more cost-
effective.  

 

Experience with manufacturing R-290 air conditioners 
Tanun Sattarujawong, Haier, Thailand 
 
Haier Group has moved towards R-290 refrigerant, though it does have safety and performance 
limitations in certain applications. A new safety standard came into effect in China on May 2, 2013 
regarding flammable refrigerants to encourage low-GWP refrigerant development and production and 
accelerate the elimination of HCFC-22 in room air conditioners, which sped up the commercialization of 
R-290 AC systems. Safety evaluations concluded that R-290 might cause an AC fire or explosion, but 
there was a low probability. Product design controls, production and storage, transportation and 
installation training, worker personnel training, and servicing technician training are all necessary to 
limit the risk of fire and explosion. R-290 has a lower cooling capacity compared to R-22, but units over 5 
kW cannot use R-290 due to limitations set for by standard IEC 60335. Overall, total cost would increase 
around nine USD per unit. 9000 British thermal unit (BTU) and 12000 BTU cooling-only and heating-only 
units are finished and developed, but inverter models are still under development.  
 
Mr. Satturujawong clarified the following points about the presentation in response to questions from 
participants: 

¶ The price increase for R-290 units is six percent in USD.  

¶ Mr. Satturujawong does not believe that it will take long for other manufacturers to ramp up 
production of R-290 units, especially since the nine USD cost difference is not very significant.  

¶ Haier is planning to export these R-290 units, but they are not yet sure to which countries.  

¶ Haier relies on the government standards of acceptability when defining the “very low” risk of 
fire for their R-290 units. Having such standards in place is critical for commercializing product 
lines. 

 

Discussions/Q&A 
 
During the question and answer period for Session III (part 1), the following points were clarified: 



 
One participant asked if there is a higher risk of explosion for service facilities and whether there has 
been any examination of those risks.  

¶ Mr. Rajadyaksha from Godrej responded that there is a particular emphasis on training for 
service technicians. As far as the use and storage of these units, many homes in India use 
propane for cooking, and propane is transported in large quantities all over the world, so these 
types of concerns are already being addressed. In addition, the studies have examined the 
amounts of refrigerant that normally leak from the system and how much would leak under 
worst-case scenarios, in addition to the minimum room sizes where these units can be used. 
Godrej is also examining how to further lower the charge size. 

 
One participant asked if the environmental impacts of the alternatives have been fully examined.  

¶ Mr. Thompson responded that a wide range of environmental impacts have been studied. These 
alternatives are all better or the same in terms of ODP or GWP. These chemicals also have short 
atmospheric lifetimes, and there has been extensive testing on potential breakdown products as 
well.   

¶ Mr. Chin also noted that there had been extensive studies on environmental impacts, 
particularly in MAC systems, before HFO-1234yf was launched.  

 
One participant asked whether manufacturers from non-A5 countries would consider the standards and 
infrastructure of countries where they are importing their products, and what the plans are for these 
large, multi-national manufacturers. 

¶ Haier produces units to comply with Chinese standards. Units will be exported to countries that 
are aware of the risks and necessary safety measures for use of R-290 systems. 

¶ Godrej has focused on the domestic market so far, but they are looking to see whether there are 
regulations already in place in the countries where they intend to export. Godrej also does 
training for service technicians outside of India. 

¶ A very comprehensive study is available on the risks associated with R-290 by the Fire Institute. 
In ACs with R-290, the risk of fire is about 100 times less than with existing domestic 
refrigerators using isobutane (which are located in about 700 million households). 

 

Low-GWP alternatives in air-conditioning 
Paul de Larminat, Johnson Controls, France 
 
Johnson Controls’ chillers are used in comfort cooling applications and for industrial process cooling. 
Chillers are either water-cooled or air-cooled, and some units are using HFCs and “natural” refrigerants. 
There is a classic split between the different types of compressors; small units mostly use scroll 
compressors instead of reciprocating. For medium capacity (400 kW to 1/1.5 MW), screw compressors 
are used, and centrifugal compressors are used for the highest capacity units. For process cooling 
applications, natural refrigerants (NH3 and HCs) are preferred, but especially for air-cooled applications 
there is a growing transition/trust in “natural” refrigerants. Some HFC centrifugal technologies are 
gaining market shares in industrial applications, because they are highly efficient. Safety will remain a 
key issue for AC applications, and further studies will allow for more flexibility and to allow natural and 
A2L refrigerants to become more acceptable. Alternative candidates include R-32 for R-410A (scroll 
chillers mostly use R-410A) and R-1234ze or R-1233zd(E) for centrifugal chillers. Energy efficiency will 
remain a key factor in refrigerant choice, because chillers typically have high energy consumption. LCCP 
analysis for refrigerants is an important factor, and another similar analysis is TEWI (Total Equivalent 



Warming Impact), although some input factors (e.g. leakage and recovery losses) are controversial and 
comparing results is not easy.  
Mr. de Larminat clarified the following points about the presentation in response to questions from 
participants: 

¶ LCCP is a locally-evaluated factor that is dependent on the carbon intensity of the energy matrix 
of a specific country. Although the industry is leaning towards having more global solutions, at 
least having regional values (e.g., for Europe, where all the electrical grids are interconnected) 
will help consumers choose the refrigerant that is best for their area.  

¶ A too steep phase-down of HFCs could be dangerous, but it is not yet known how steep is “too 
steep.” Comparisons between technologies should be treated very carefully as it is very difficult 
to make comparisons against all refrigerants (e.g., HFCs, ammonia, and other “natural” 
refrigerants).   

 
Promising low-GWP options in air conditioning applications 
Rajan Rajendran, Emerson, United States 
 
The lower-GWP refrigerant landscape includes R-32, DR-5 (DuPont), and L-41 (Honeywell). For both 
cooling and heating applications, all three refrigerants fell within the zone of optimization for R-410A 
(within 3% of R-410A performance, or better). All three candidates show promise for cooling 
performance at high ambient conditions, as well. Through 2015, component and systems manufacturers 
should focus efforts on optimization, along with phased regional launches. 

¶ R-407A and R-407F are available today and could be good interim transitions instead of R-404A 
(R-407A and R-407F have about one-third the GWP of R-404A). 

¶ DR-7 similar/better capacity and efficiency in drop-in test with R-404A (very similar results for a 
walk-in cooler, as well). 

¶ Low temp supermarket lab test: N-40 shows about 3 percent lower energy consumption than R-
404A. 

¶ Medium temp supermarket lab test: N-40 shows 3 to 8 percent lower energy consumption than 
R-404A. 

¶ N-40 is a good non-flammable, near drop-in candidate for R-404A replacement and retrofit. 

¶ N-40/DR-33 can provide significant decrease in LCCP with minimal system changes. CO2 and L-
40/DR-7 benefits are greater with system architecture changes. Results are about the same for a 
climate similar to Bangkok.  

 
Update on R-32 air-conditioners and heat pumps manufacturing and sales 
Mark Stanga, Daikin, United States 
 
Daikin launched the first R-32 room air conditioners in November 2012 (4 models) into the Japanese 
market. Today, Daikin offers a total of 53 models using R-32 across the commercial and residential 
markets. These include seven model types, with up to ten capacity/size offerings, from basic to premium 
models. Because of R-32’s flammability status, all systems over three tons require special authorization 
(comparably, R-410A systems over 20 tons require authorization). This effort is supported by a risk 
assessment performed by the Japan Society of Refrigerating and Air Conditioning Engineers (JSRAE) on 
mildly flammable refrigerants in Japan. Over 100,000 units have been sold since November 2012. In 
India, sales began in March 2013 and thousands of units have already been sold. There has been service 
technician training for over 3,600 installers. Currently, R-32 is brought into India via one-ton cylinders 
from a Chinese manufacturing facility, but Daikin hopes to work with local manufacturers in the near 



future. Daikin will begin selling R-32 units in Autumn 2013 in Europe. Japanese manufacturers have 
shared technical knowledge with delegates from several Montreal Protocol Article 5 (A5) countries 
(Algeria, Bangladesh, Brazil, India, Indonesia, Laos, Malaysia, Philippines, and Viet Nam). Daikin plans to 
launch R-32 units in China in 2014. Challenges include continued support for research of risk 
assessment, new product development, support for adoption of A2L refrigerants in safety standards, 
capacity building, patent release, R-32 refrigerant supply, and support for HPMP development.  
 
Mr. Stanga clarified the following points about the presentation in response to questions from 
participants: 

¶ R-32 drop-in applications for R-410A are not recommended by Daikin because of flammability 
concerns and performance issues. It could be used for testing purposes, but would not be an 
appropriate practice otherwise. 

¶ Daikin is looking to introduce R-32 systems into Indonesia, but Mr. Stanga is not sure of the 
exact timeframe for introduction. Mr. Kuijpers noted that R-32 prototypes should be coming to 
Indonesia soon.  

¶ R-32 units are the only type of AC units that Daikin sells in Japan.  

¶ Daikin makes recommendations and offers technology that provides substantial energy 
efficiency. R-32’s GWP is no longer a factor for consideration, because Daikin has already 
decided to move forward with it.   

¶ R-32 is a commodity refrigerant in fairly plentiful supply because it is a component of many 
different refrigerant blends. It is also not costly, nor is it a blend, so it can be recycled much 
more easily.  

 

R&D R-290 AC in Midea 
Zhiyong Liu, Midea, China  
 
Midea’s R-290 AC units have passed strict testing and have received certification from TÜV. A one-HP 
system has a charge of 270 grams, compared to 800 grams for R-410A systems. Influences in product 
design include heat capacity, low temperature capacity, annual performance factor (APF), and 
defrosting (EPV system). Methods to further decrease charge size include decreasing the inner volume 
by using a more efficient system design (micro-channel heat exchanger, mix-tube HEX, wide-fin HEX), 
and safety design. Difficulties include manufacture efficiency, production cost, equipment investment, 
heat capacity, and higher APF system. 
In China, Standard GB4706 was published May 1, 2013, and a national standard of installation and 
maintenance is under review.  
 
Mr. Liu clarified the following points about the presentation in response to questions from participants: 

¶ Since the R-290 units have received certification from TÜV, production could begin within the 
next year.  

¶ Production is also on schedule to enter the European market. 
 

Component technologies for low-GWP refrigerants in A/C 
Torben Funder-Kristensen, Danfoss, Denmark 
 
The transition to “natural” refrigerants (especially with compressors for household appliances) began 
very early within Denmark. An important consideration in evaluating safety precautions is perceived 
versus actual risk, and what level of risk is acceptable. Safe systems can be built by ensuring that the 



design and service follow international standards. Danfoss is involved in international and regional 
standard development. There is still a lot of voluntary work, and much synchronization is still needed. 
There needs to be approval of the new ISO standard. Flammability will put restrictions on demands for 
systems and components, including higher classification grades for materials and limits to charge sizes. 
Heat exchangers are the key to minimizing refrigerant charge: 

¶ Micro-channel heat exchangers improve efficiency and reduce charge up to 70 percent. 

¶ Brazed plate heat exchangers improve efficiency and reduce charge up to 30 percent. 
R-290 is the obvious choice for smaller systems. R-32 can, for safety reasons, be a substitute on larger 
systems. R-1234ze has a high potential for becoming a future refrigerant for large chiller systems.  

 
Mr. Funder-Kristensen clarified the following points about the presentation in response to questions 
from participants: 

¶ R-32 and R-32 blends are both considered to be reasonable substitutes for larger systems.  

¶ It is possible for hydrocarbons to be a viable option for larger systems, but the additional costs 
of necessary safety features must be considered.  

 
Discussions/Q&A 
 
During the question and answer period for Session III (part 2), the following points were clarified: 
 
One participant asked whether an end-user would try to adopt LCCP numbers to their own region, or 
could they use the values provided by the manufacturer. 

¶ Mr. de Larminat responded that energy consumption is the most important value requested by 
customers; LCCP requires a lot of inputs and leakage rate assumptions tend to be overestimated 
and based on outdated units. 

¶ Mr. Rajendran responded that there is an effort underway to develop a standardized method of 
calculating LCCP. A pretty good calculation will estimate approximately 80-90 percent of what 
you need. Emerson is planning to make their LCCP tool available online so consumers can do the 
calculations on their own, because any LCCP analysis is better than ignoring it all together. 

¶ Mr. Funder-Kristensen responded that it is also important to recognize how systems are running 
in reality. Often, equipment is poorly run based on the location of the compressor (e.g., too far 
from the condenser or evaporator) or because of leakage, which may be the greatest 
contributor to poor energy efficiency. 

 
One participant asked what they could tell their stakeholders regarding when R-410A alternatives will be 
available or if there are any drop-in R-410A replacements (as opposed to throwing out R-410A units). 

¶ Mr. Stanga suggested that the participant broaden their outreach to suppliers to get more 
proposals on alternatives so they are not only locked into R-410A units, and it must be 
considered whether the right standards are in place to use mildly flammable refrigerants. No 
reputable manufacturers will advocate dropping a mildly flammable refrigerant into an R-410A 
system, even if there are energy efficiency benefits.  

¶ Mr. Rajendran responded that all transitions will be region-by-region and they will take time. 
Regarding currently used R-410A equipment, make sure units aren’t leaking and make sure 
refrigerant is recovered at disposal until other alternatives are available.  

o In a follow-up question, one participant pointed out that there is an additional concern 
in the Maldives because there is so much R-410A leaking from equipment.  



Á Mr. de Larminat noted that recovery of R-410A is not a significant issue, because 
it behaves like a pure compound and is fairly easy to recover, recycle, and reuse. 

Á Mr. Kuijpers noted that the crucial issue is training for service technicians. 
 
SESSION IV: STANDARDS  
moderated by Emmanuel Osae-Quansah, Ghana  
 
Standards needed to allow new alternatives to come into the market 
Kevin Lee, Heatcraft, Australia 
 
Standards can provide a minimum baseline for safety, environmental issues, and compliance; can be a 
direct instrument for regulatory compliance; a pathway or means of showing compliance; and serve as a 
way to minimize financial risk. The past focus of standards has primarily been safety, but today, 
environmental aspects are increasingly included. Many performance standards focus on energy 
efficiency, but a standard will not dictate the choice of one refrigerant over another – the end-user will 
still have to choose one refrigerant based on performance and applicability.  
 
The hierarchy of standards includes international (e.g. ISO, IEC), European (horizontal [CEN] and vertical 
[CENELEC]), national (e.g. Standards Australia, Japanese Standards Association), and Industry (e.g. 
ASHRAE, Underwriters Laboratories [UL]). Applicable standards for refrigerants include ARI700 
Specification for Fluorocarbon Refrigerants and ISO817 Refrigerants Designation and Safety 
Classification. These standards are relevant to refrigerant imports and reclamation, and these standards 
are applicable to fluorocarbons only. Applicable standards for systems, installation, and service: ISO 
5149: 1993, EN 378-4:2008+A1: 2012, and ANSI/ASHRAE 15:2010. Vertical Standards (product specific) 
include IEC 60335-1 Household Products. Standard FDIS 817 is currently under revision and will 
introduce new flammability classes (A2L & B2L mildly flammable). ISO 5149 is also undergoing revision 
and could be adopted as a national standard once approved. It currently only allows flammable 
refrigerants in laboratories or specific industrial applications. Generally, standards are becoming more 
complex, which is necessary as we move towards higher pressure, flammable, and/or toxic refrigerants.  
 

International safety standards (ISO & IEC) and flammable refrigerants 
Osami Kataoka, The Japan Refrigeration and Air Conditioning Industry Association 
(JRAIA), Japan 
 
Refrigerants with lower GWPs mean they are less stable or abundant in air, which makes them more 
flammable and/or toxic than high-GWP substitutes. Detailed flammability evaluations were not 
considered necessary for traditional refrigerants, which are more stable. As the GWP of refrigerants 
became a concern and substituted fluorocarbons were considered as alternatives, flammability became 
more of a concern.  In the flammability indices of ISO 817 FDIS, burning velocity was recently added to 
precisely address flammability, lower flammability limit (LFL) relative to volume is to ensure low 
probability of occurrence and consistency to EN 378, and heat of combustion is to ensure total energy to 
be released and consistency with ASHRAE 15. IEC 60335-2-40 includes a pooling effect calculation for 
flammable refrigerants that limits the charge amount to 20 to 25 percent of the LFL times the room 
volume. It is not possible to avoid flammable cloud formation completely with flammable substances. 
The most common cause of refrigerant release accidents in Japan was human error during servicing.  
The accident count for ammonia installations in Japan is slightly higher than with fluorocarbons.  The 2L 
classification for refrigerants is based on the flammability of ammonia. Compared to a Class 3 
refrigerant, A2L refrigerants dilute below the LFL quickly due to heavier molecules and high LFL. The 



flammability risk of A2L refrigerants is less than the toxicity risk of R-22. There have been ongoing risk 
studies for A2L refrigerants in Japan since 2011 for mini-split, variable refrigerant flow (VRF), and chillers 
(by JRAIA) and for motor vehicle AC during repair (by JAMA, the Japan Automobile Manufacturers 
Association, Inc.).  
 

Standards 
Torben Hansen, Johnson Controls, Denmark 
 
Standards provide maximum or minimum safety limit values for product design. Harmonized standards 
impose legal requirements (directives, regulations, decisions) with guidelines from the European 
Commission. Compliance to these standards is required with legal provisions, and there is a presumption 
of conformity in using a harmonized standard. Non-harmonized standards do not have overall 
regulatory requirements (i.e., no law to follow). For example, ISO standards are considered global best 
practice standards, but ISO is not involved in the certification of any of the standards it develops. To 
develop harmonization between standards, it is important to find the same charge limitations for the 
same placement and use in order to market the same product. There should be a focus on safety 
throughout the design, production, installation, and maintenance of the product. Harmonization 
worldwide would avoid approval of redundant standards. For example, revisions to ISO 5149 were 
recently rejected because the charge size limitations were not harmonized with EN 378-1 and the 
proposed definition of burning velocity was not accepted.  
 

Discussion/Q&A 
 
During the question and answer period for Session IV, the following points were clarified: 
 
One participant asked for additional elaboration on the standards committees with membership across 
multiple standardization bodies.  

¶ Mr. Lee responded that, in Australia, there is a charter for standards. One cannot develop a 
standard on your own, but one can adopt an ISO or IEC standard. If one adopts a standard, it is 
not permissible to make any changes since that would be a barrier to trade. Adjustments can be 
made for climatic reasons or adjusted according to regulatory restrictions. Regulatory bodies are 
also represented on the standards committee. Consensus agreement is required which allows 
for the development of very robust and strong standards. There is a good understanding 
between the industry and regulatory bodies at the highest level. 

 
One participant asked if there are existing standards for the types of alternative equipment presented at 
this conference.  

¶ Mr. Lee responded that ISO 5149 is being revised and covers the manufacture, design, 
installation, service, and commission of equipment. ISO 5149 is being harmonized with EN 378 
(which is in use in Europe right now). Available Australian standards did not cover CO2 systems 
at the time that these systems were being installed in Australia. At the time, as an industry 
group, the manufacturers and installing contractors decided to use EN 378 from Europe since 
the Australian standards were out of date. Industry came together with end-users and 
manufacturers to ensure that all equipment was installed safely according to EN 378. 

 
One participant asked whether there are any gaps between standards for manufacturing of new 
products and codes of good practice for servicing and installation. 



¶ Mr. Kataoka responded that standards are typically written according to the right procedures 
and actions, though it can be an issue to harmonize. New products are easier to control, as 
factory inspections can be done to ensure compliance. In the field, ensuring that equipment 
follows the standards can be more difficult. 

 
One participant asked how standards bodies ensure that standards are available and applicable to small 
developing countries that do not have representation in the standards process. 

¶ Mr. Lee responded that the process has begun to ensure that basic principles that are important 
for developing countries are addressed. UNEP had a meeting with 39 developing countries on 
the standards development process and how these developing countries can adopt the available 
standards.  

 
One participant asked whether developed countries are addressing the particular issues for hot and 
humid climates in developing countries, as many standards are based on temperate climates. 

¶ Mr. Lee responded that ISO and ASHRAE are working closely together on this issue. For example, 
they are working together on the effect of humidity on burning velocity. In addition, standards 
bodies are starting to look at different rating systems for different weather conditions, because 
even developed countries have humid and hot/dry climates that are not fully addressed by 
current standards. 

 
One participant asked for elaboration on burning velocity and whether the A2L classification is 
necessary.  

¶ Mr. Hansen responded that the United States does not want the A2L sub-class, because it is 
difficult to use. The value of burning velocity itself is not as important as the behavior of the 
refrigerant. There needs to be better understanding of what burning velocity is, and it needs to 
be implemented in other standards if it is going to be used.  

¶ Mr. Lee responded that burning velocity classifies how easily a substance can ignite. For 
refrigerants that have a low burning velocity, you won’t have complete combustion in a room 
because they are so hard to ignite, burn slow, and require a lot of energy. Burning velocity is 
based on ammonia, which is used as a boundary. For a refrigerant that has a burning velocity 
lower than ammonia, it should be safer because it is more difficult to ignite. There needs to be 
more marketing about this tool and how it can be used to develop products and ensure that 
they are safe. 

 
One participant asked for further explanation on the debate on charge size limitations for A2L 
refrigerants. 

¶ Mr. Lee responded that the charge limit for A2L refrigerants was increased in both EN 378 and 
ISO 5339 due to the behavior of the refrigerants. 

  
SESSION V: FOAMS  
moderated by Philippe Chemouny, Canada 
 

Low-GWP alternatives for the foams sector 
Helen Walter-Terrinoni, DuPont, United States 
 
The key uses of HCFC in foam include rigid polyurethane  and polyisocyanurate (PIR) insulating foams 
and extruded polystyrene (XPS) foam. Approximately two-thirds of solutions in non-A5 countries are 
hydrocarbons in non-spray foam applications used in medium and large enterprises, as they have lower 



energy efficiency requirements. There are different energy efficiency requirements depending on the 
type of foam and country. Additionally, there are fewer concerns about flammability with these non-
spray foams. However, flammability concerns exist for spray foams and their use in domestic appliances 
introduces high energy efficiency requirements. There is no single replacement alternative for all 
applications of HCFC-141b. HFCs, HFOs, hydrochlorofluoroolefins (HCFOs) or blends with HCs improve 
foam thermal performance, are environmentally preferable, and have low to medium conversion costs. 
However, their product cost is higher than HCs.  
 
Advantages of HCs, methyl formate, water (CO2), and methylal include low GWP and ODP, and lower 
product cost. Disadvantages include high volatile organic compound (VOC), physical property challenges, 
thermal performance and high conversion cost. The key criteria for new foam expanding agents (FEAs) 
include environmental sustainability, safety, performance and cost effectiveness. Formacel® 1100 (HFO-
1336mzz) is the only zero ODP option that also provides low GWP (8.6), non-VOC, low toxicity, non-
flammability, low thermal conductivity and suitable boiling point. Formacel® 1100 has a low conversion 
cost, ease of conversion, and has a similar pressure to HCFC-141b. A Dow-DuPont Appliance Trial 
demonstrated that this alternative has a 9.7 percent energy efficiency improvement over cyclopentane.  
A DuPont lab study demonstrated that cyclopentane and Formacel® 1100 blends improve thermal 
performance and lowers cost while Formacel® 1100 in blends with HCs or water can provide improved 
insulation performance. Formacel® 1100 is a viable FEA for various types of foam, improving 
performance compared to current options.  
 

Low-GWP impact, high efficiency blowing agents 
Eric Yang, Honeywell 
 
SolsticeTM Liquid Blowing Agent (LBA), used in foam applications, is a replacement for HCFCs, HFCs and 
HCs. This alternative has gone through appliance, spray, and panel commercial trials. SolsticeTM LBA has 
a GWP less than 5, is pending U.S. EPA VOC exemption, is non-flammable, and has zero ODP. This 
alternative replaces HFC-245fa, HFC-365mfc, HCFC-141b, and HCs, and has a very short atmospheric life 
time of 0.1 years. The major issue for SolsticeTM LBA is its high cost of production. In refrigerator trials, 
SolsticeTM LBA is 10 to 12 percent more efficient than cyclopentane, 2 to 4 percent more efficient than 
HFC-245fa in spray foam, and has similar performance for spray and other PU foams in trials conducted 
throughout the world.  
 
Changing the blowing agent is always the most cost-efficient way to transition because there is no 
sacrifice of performance. Commercialization of SolsticeTM LBA is in progress as Whirlpool North America 
started adoption in 2013 and numerous successful trials with original equipment manufacturers (OEMs) 
have been conducted globally. Commercial systems for spray foams are available in Japan, and have had 
successful trials in the Philippines. SolsticeTM LBA is on the U.S. EPA Premanufacture Notice (PMN) and 
SNAP approval list, has an established inventory, and can be sold commercially in Japan and South 
Korea. Registration for Solstice™ LBA is underway in Australia and New Zealand, and commercial sales 
are permitted up to 10 MT in China and the EU. With semi-commercial supply available in 2013 and 
commercial quantities available beginning in Quarter 2 of 2014, additional capacity will be built 
throughout 2015 and beyond as demand grows regionally.  
 
SolsticeTM  Gas Blowing Agent (GBA) used in XPS and Board applications replaces HCFC, HFC and HC 
including R-22, R-142b, HCs, R-141b, R-134a. This alternative has a GWP less than 6, is VOC exempt and 
non-flammable. In production scale for XPS, SolsticeTM GBA demonstrates a performance improvement 
of 20 to 25 percent compared to CO2, and performs similarly to HCFC-142b and HFC-134a. It also has the 



capability to extrude thick foam, unlike CO2. Jackson has been adopting SolsticeTM GBA since 2011 for 
building construction and industrial fabrication applications (motor homes, etc.). SolsticeTM GBA is 
registered in the U.S. (U.S. EPA PMN- and SNAP-listed), EU, Canada, Japan, China, Australia, and South 
Korea. With semi-commercial supply available in 2013 from pilot plant, a new plant is being built in 
Louisiana in 2014 that will supply R-1234ze globally. 
 

Cost effective alternatives in PU foam applications – International perspective 
development and trends 
Raul Dacomba, Foam Supplies, Inc., United States 
 
Foam Supplies, Inc. manufactures Ecomate®, which is a methyl formate liquid blowing agent with zero 
ODP and a GWP close to zero. Ecomate® performs similarly to HCFC-141b, has a nearly identical boiling 
point, and requires half the amount to blow the same density foam. Ecomate® has been on the market 
for the past ten years, and approximately 75 percent of Ecomate® is used in rigid foams, with the 
remainder used for flexible, integral skin, and XPS foams. Based on sales from 2012, use of Ecomate® 
instead of HCFC-141b has resulted in 300 ODP tons of savings. Many foam applications, including 
commercial refrigeration, discontinuous panels and blocks in refrigerated truck bodies, integral skins 
(e.g., in steering wheels and chairs), and spray foams, have successfully transitioned to using Ecomate®. 
Ecomate® is not a drop-in replacement for all systems, because it is slightly flammable. Potential issues 
at small and medium-sized enterprises (SMEs) can arise from unoptimized systems or improper use of 
equipment. Ecomate® is not corrosive, and it is cost effective. Compared to HCFC-141b, consumers save 
approximately 1 MT of CO2 equivalent per kilogram of Ecomate® used.  
 

Discussion/Q&A 
 
During the question and answer period for Session V, the following points were clarified: 
 
One participant requested additional information on the use of hydrocarbons in system houses. 

¶ Ms. Walter-Terrinoni responded that there is a challenge with HCs in SMEs with the phase-down 
of HCFC-141b. There isn’t a solution for using HCs in SMEs at this time, so non-flammable 
solutions might be the only option. 

¶ Mr. Dacomba responded that using hydrocarbons is also an expensive process, because of the 
cost of additional safety measures. 

 
One participant asked about the quality of foam product blown using water, and why this is not a 
commercially used option.  

¶ Ms. Walter-Terrinoni responded that water blown foam is used in the walls of houses in 
different parts of the world, but it produces a foam that has a lower density. This foam would be 
not appropriate for a roof, because it wouldn’t have the necessary compressive support. 

¶ Mr. Dacomba also added that water blown foam is not very thermally efficient. 
 

One participant asked whether methyl formate is toxic.  

¶ Mr. Dacomba responded that methyl formate is U.S. EPA SNAP approved, which considers 
toxicity in its review. 

 
One participant asked which alternatives can be used for panels.  



¶ Ms. Walter-Terrinoni responded that it depends on how the buildings are constructed. Some 
companies might spray foam onto panels (in which case HCs would not be a good solution), 
while other companies use HFCs. Alternatives will depend on the application process.  

 
One participant asked which chemical is Solstice™ LBA. 

¶ Mr. Yang responded that Solstice™ LBA is HFO-1233zd(E), which contains a double bond that is 
easy to break, resulting in the short atmospheric lifetime. 

 
One participant asked which chemical is Ecomate®. 

¶ Mr. Dacomba responded that Ecomate® is methyl formate, which is an ester. 
 
One participant inquired about the availability and pricing of Formacel® 1100.  

¶ Ms. Walter-Terrinoni could not provide specific pricing information, because competitors were 
in the room; however DuPont is currently running a pilot plant and samples are being run 
globally.  

 
One participant asked which modifications are needed to change from HFC-245fa to Solstice™ LBA. 

¶ Mr. Yang responded that no modifications are needed for HFC-245fa systems. For customers 
using HCFC-141b, some small equipment modifications may be necessary, but all necessary 
equipment would be available from equipment suppliers. 

 
One participant requested additional testing data on corrosion of Ecomate® in domestic appliances.  

¶ Mr. Dacomba responded that data can be provided. 
 
One participant asked what challenges do SMEs face to make spray and injection foams safe and 
environmentally friendly.  

¶ Mr. Dacomba responded that emissions are very low for Ecomate®, so the spray and injection 
foam processes are safe despite its mild flammability.  

 
One participant asked what the main concerns are for the small enterprises with regards to Ecomate®. 

¶ Mr. Dacomba responded that flammability is the main concern; however most LBAs are already 
flammable, so there should not be anything new to do (from a system house perspective). For 
SMEs, Ecomate® is not considered combustible.  

 
One participant asked whether there have been any studies on the impact of blends in the flammability 
of the foam.  

¶ Ms. Walter-Terrinoni noted that studies are being done. 

¶ Mr. Yang responded that it depends on the energy efficiency the customer wants to achieve, but 
typically the interested parties are those who were previously using hydrocarbons.  

¶ Mr. Ashford also added that there are a number of pilot projects tracking preblended 
hydrocarbon systems, though there aren’t any reports available yet. 

¶ Mr. Bagai added that testing is going on in Egypt for low-cost hydrocarbon and blend uses, and it 
will be shared with the Parties to the Montreal Protocol once finished. There is also an initial 
report that presents the basic principles of the project. Most options emerging from the project 
(cyclopentane, etc.) have been selected for an ODS phaseout project in Brazil and Egypt. These 
foams will likely be a viable alternative to HCFCs. Additional information will be presented at the 



Executive Committee of the Multilateral Fund for the Implementation of the Montreal Protocol 
meetings.  

 
SESSION VI: AEROSOLS, FIRE-EXTINGUISHING AND SOLVENTS SECTORS  
moderated by Ella Deocadiz, Philippines 
 

HCFC-141b solvent alternatives demonstration project in medical devises sector in 
China: Experience with HCFC phase-out in manufacturing of disposable medical 
devices 
Zhang Qiang, Zhejiang Kindly Medical Devices Co. Ltd., China 
 
Zhejiang Kindly Medical Devices is the largest manufacturer of one-off injection needles, and they were 
selected to conduct the demonstration project for the phase-out of HCFCs in the medical devices sub-
sector in China. Solvents are used to apply silicon oil thinner for silicification of medical devices 
(syringes, infusion sets, blood transfusion sets) and as a cleaning agent for silicification tooling. HCFC-
141b and KC-3000 are the two solvents widely used. Because the injection needle contacts human 
blood, it belongs to a category of high risk products, and biological compatibility is important. China 
needs to phase out 27.82 MT (3.06 ODP tonnes) of HCFC-141b between 2012 and 2013. The needle 
assembly line and silicification tooling cleaning line needed to be modified. Zhejiang Kindly Medical 
Devices assessed more than 15 solvents that are widely used in the medical devices sector globally. All 
alternatives had no GWP or ODP, but some had cost and/or flammability concerns. KC-6 solvent was 
found to perform better than HCFC-141b and KC-3000, which was evaluated by the indicators of 
puncture force of the needles. KC-6 was found to be safe and there is no absorption for drugs, but it is 
slightly flammable, has a higher boiling point, and a higher cost (twice the cost of HCFC-141b and KC-
3000). Given flammability, equipment modifications were needed and the silicification tank had to be 
closed instead of open, as with HCFC-141b/KC-3000 (less solvent volatilization, low safety risk). 
 

Re-evaluating Halon 1211 replacements 
Bradford Colton, American Pacific – Halotron Division, United States 
 
Certain compounds, including available HCFC blends, fill a significant role in clean agent fire protection 
while meeting environmental policy goals. In addition, there are many niche applications, so flexibility in 
policy decisions seems advisable. Practical considerations for alternatives include: ODP/GWP, cost, gross 
weight, stability, leaving no residue, agent toxicity and decomposition, ease of use, history of safe use, 
and history of extinguishing real world fires. Because of aviation cargo hazards (particularly an issue for 
aerosol products that now contain HC propellants and solvents instead of CFCs), alternatives must pass 
an exploding aerosol can test. HFC-125, FK-5-1-12, and BTP failed the exploding aerosol can test, and an 
HCFC-123 blend is the only alternative likely to pass the test (Halotron I, also known as HCFC Blend B, 
contains HCFC-123). Uses for Halon 1211 Streaming Agent Alternatives include: 

¶ Small portable fire extinguishers (HCFC Blend B, HFC-236fa, HFC-227ea) 

¶ Larger portable fire extinguishers (HCFC Blend B, HFC-236fa) 

¶ Wheeled extinguishers (HCFC Blend B) 

¶ ARFF Systems (airport crash trucks) (HCFC Blend B) 
For FK-5-1-12, it was difficult to obtain reasonable weight performance for handheld or wheeled 
extinguishers, and it was not able to replace HFC-227ea in military crew compartments due to HF 
generation, nor was it able to pass the U.S. Federal Aviation Administration (FAA) Exploding Aerosol Can 
test. A recent study by Dr. Donald Wuebbles evaluated HCFC-123 and revised its ODP from 0.02 to 



0.0098. If the entire installed base of HCFC Blend B was realized, 1800 MT would be released, and there 
would be a very small effect on chlorine loading. HCFC Blend B also received the South Korea Green 
Mark.  
 
SESSION VII: SUSTAINABLE REFRIGERANT MANAGEMENT  
moderated by Vika Rogers, Fiji 
 

Review of Life Cycle Climate Performance (LCCP) analysis 
Yunho Hwang, University of Maryland/International Institute of Refrigeration (IIR), 
United States 
 
The Life Cycle Climate Performance (LCCP) analysis is a rigorous approach to identifying and quantifying 
direct and indirect environmental impact of a refrigerant. There are three major contributions to 
environmental impact: 

¶ Refrigerant manufacturing (starting with raw materials – indirect and direct emissions); 

¶ Refrigerant use (emission factor, atmospheric degradation products); and 

¶ Refrigerant end-of-life. 
Direct emissions include regular emissions, irregular emissions, service, end-of-life emissions, and 
leakage during production and transport. Indirect emissions include the energy consumption of the 
system, the energy to make the system/components and refrigerant, the energy to transport, and the 
energy for the end-of-life, recycling/recovery of the system and refrigerant. A University of Maryland 
and Oak Ridge National Laboratory (ORNL) team developed a web-based interactive LCCP modeling 
program for supermarket refrigeration based on user inputs. Users choose from three systems and 4 
refrigerants; output gives total direct and indirect emissions. To evaluate LCCP, an emissions and 
weather database, system model, and load models are needed. The team hopes to develop the 
components as open-source. There are many more than 4 public LCCP models, and it is difficult to know 
which ones are accurate or giving the best estimates.  
 
The International Institute of Refrigeration (IIR) formed a working party to assess the merits of different 
methods for evaluating the environmental impact of refrigerants, and to produce implementation 
protocols for these methods. The working party developed a references database for each of the 
metrics (system info, geographic info, direct emission, and indirect emission). A website for the working 
party has been established. LCCP is an important tool in analyzing refrigerant systems and needs a 
globally harmonized approach, but the analysis must be region specific. Increased research and 
development of more efficient components and systems will aid in use of more flammable and/or toxic 
refrigerants, and additional safety measures will ensure low-GWP alternatives can be used effectively. 
 

Recovered refrigerant management – the installed bank as a transitioning resource 
Michael Bennett, Refrigerant Reclaim, Australia 
 
The amount of refrigerant reclaimed annually in Australia has grown from 50 to 500 megatonnes (MT). 
Refrigerant at end-of-life is either emitted or recovered; recovered refrigerant can be either filtered and 
recycled, or destroyed. The size of the refrigerant bank is approximately five times the amount of 
consumption (consumption is equal to manufacture + imports – exports). Much of the installed bank can 
become available for recycling or reuse, and every kilogram reused is one that does not need to be 
manufactured or imported. The bank is a resource that provides elasticity in the supply of refrigerant for 
industry, and it can extend the life of an installed plant as an option until newer technology becomes 



available. The bank is available to all industry members who have the proper skills, and there is a large 
opportunity at equipment end-of-life that is now being taken advantage of in many countries.  
 
Eighty percent of refrigerant in Australia is used by a small portion of very large companies. Encouraging 
smaller companies to recycle and recover refrigerant is more challenging, but represents a small portion 
of the refrigerant bank. The lowest cost refrigerant you can use should be the one you already own. 
Countries need to make new refrigerant have a higher cost than recovered refrigerant in order to 
incentivize recycling. Recovery, reuse, and disposal should be standard industry procedure. On-site 
decision making is important to determine if the system/plant is going to remain in operation, and if the 
refrigerant is of the right quality and can be reused, or if the refrigerant needs to be disposed of 
properly.  
 
There are various types of refrigerant identifiers and analyzers that test purity level. Use of low quality 
refrigerants could reduce performance and energy efficiency and cause higher maintenance costs or 
system failure. In Australia, new HFC-134a refrigerant  is $50-60 per kilogram, which drives recovery. In 
Australia, all refrigerant sold  must have 99.5 percent minimum purity, a standard which can be difficult 
to achieve.  Relatively inexpensive portable recovery and recycling units are available that provide a 
cleaner, reusable product. However, these units do not remove or separate other refrigerants, which 
must be done through a reclamation process. Cylinders can be used for holding refrigerant for a system, 
and recovery cylinders hold unusable refrigerant that is going to be sent for destruction. Cylinders must 
be internally clean to prevent transfer of contaminants. 
 

Opportunities for sustainable refrigerant management, especially in the context of 
the European F-Gas Regulation 
Andrea Voight, European Partnership for Energy and the Environment (EPEE), 
Belgium 
 
The European Partnership for Energy and the Environment (EPEE) represents the European 
refrigeration, air conditioning, and heat pump industry.  There are four main areas of requirements in 
the European F-gas regulation: containment and recovery, training and certification, reporting 
obligations, and labeling. The current regulations are anticipated to decrease F-gases by 28% by 2020 
and 44% by 2030. The key benefits of regulation are mitigation of F-gas environmental impacts, 
refrigerant options with higher efficiency, safety, and affordability, more training and education of the 
workforce, and innovation of new alternatives and technologies. In order for the EU to reach the 
proposed low carbon emissions targets, however, there needs to be more reliable data and a clearer 
focus on the refrigeration and air conditioning market. Two studies funded by EPEE showed that 
improved F-gas rules and a cap and phase-down of HFCs by 65 percent in 2030 could achieve EU F-gas 
emission reduction goals. The goals specific to the European Union are to maintain regular leakage 
checks, training, and certification, and to complete a phase-down to 37 percent by 2020 and 79 percent 
by 2030, and a ban on refrigerants with GWP above 2500. EPEE supports a phase-down of HFCs, which 
will stimulate sustainable innovation and improve market opportunities for alternatives. EPEE does not 
support HFC bans that would be counterproductive and expensive, and could affect the competitiveness 
and safety of the European market.  
 

Discussion/Q&A 
 
During the question and answer period for Session VII, the following points were clarified: 
 



One participant asked how the comprehensive LCCP analysis compared to the TEWI analysis, and 
whether there is a substantial difference.  

¶ Dr. Hwang responded that it depends upon the region and location, but there is a marginal 
difference. The region can have a minor impact on the estimates. We are trying to evaluate 
different LCCP programs to see if there are differences, or if some items within the estimate 
could be left out. 

One participant asked how much recovery occurs annually in Australia. 

¶ Mr. Bennett responded that after recovery, the refrigerant that is received is equal to about 500 
MT, of which 50% is R-22, 20% is R-125/R-143/R-32, 20% is R-134a, and the remainder is CFCs. 
There are no official estimates on how much is recycled and reused, but it is estimated to be 
500-1000 MT, annually. There is not a lot of reclamation going on in Australia (about 30 MT). 

 

¶ One participant noted that life cycle analysis (LCA) and LCCP are not very different.Dr. Hwang 
responded that his team reviews more sophisticated LCCP estimates by including all possible 
factors and then performs a sensitivity analysis of the inputs. If a factor has a less than 1 percent 
impact, then it can probably be discounted. There are attempts to harmonize the LCCP 
calculations, in the hope that a calculation can be developed that provides something between 
the LCA and the TEWI.  

 
One participant asked why region specific LCCP estimates are important. 

¶ Dr. Hwang responded that, for example, refrigerant emissions from commercial refrigeration 
applications can be between 5 and 30%, and vary by region.  Emissions from energy 
consumption also vary by region – so it is important to factor in as many variables as possible to 
develop a good LCCP estimate. 

 
One participant asked what the average life of the recycling cylinders used in Australia is, and how the 
cleaning process works. 

¶ Mr. Bennett responded that the cost of a cylinder is probably between $50-100, and the 
cylinders are expected to last a minimum of 10 years (up to 20 if they are maintained). Cleaning 
can be an expensive process. If the cylinders are all used for one type of refrigerant and there is 
confidence in the quality, then they could be cleaned with less frequency.  

 
One participant asked what problems and improvements have been made to the Australian recycling 
program. 

¶ Mr. Bennett responded that end-of-life recycling of consumer durables has not gone very well in 
Australia. Mid-level recyclers want to keep their costs at a minimum. The main difference in 
recovery of refrigerant between Australia and Japan is that Japan has better access to the 
refrigerant through their recycling programs, and Australia does not. The Australian government 
is planning a financial incentive for consumers/end-users to return equipment for destruction.  

 
SESSION VIII: CIVIL SOCIETY, GOVERNMENT AND CORPORATE INTIATIVES  
moderated by John Thompson, United States 
 

NGO perspective on adoption of low-GWP alternatives 
Clare Perry, Environmental Investigation Agency (EIA), United Kingdom 
 



Many policies and regulations discuss switching to low-GWP alternatives, but “low-GWP” has never 
been defined.  

¶ In the EU, the MAC Directive GWP threshold is 150. 

¶ In industry, low-GWP is defined as between 100-1000 (SKM Enviros Report) or less than 500 
(Honeywell). 

¶ TEAP has not defined low-GWP. 

¶ The EIA believes that “low-GWP” is as close to zero as possible, considering energy efficiency, 
but also energy costs. 

 

The Environmental Investigation Agency recommends that the 20-year GWP be used instead of the 100-
year GWP to measure the true impact of HFCs, particularly since many HFCs are short-lived. Commercial 
refrigeration sector claims that 90 percent of emissions are from energy use, but a study of two 
European-based global retailers showed that direct (refrigerant) emissions from equipment represented 
at least 40 percent of total emissions. The EU is considering a ban of refrigerants with a GWP above 
2500 by 2016 and on all HFCs for new equipment by 2020. The EU F-gas preparatory study stated that 
there is the potential to fill the market with alternatives by 2020, and a similar conclusion was found by 
the SKM Enviros RAC Sector Alternatives study. In 2008, only 14 grocery stores in the UK were using 
HFC-free refrigeration. Preliminary results from 6 major retailers indicates that there are now 525 HFC-
free stores in 2013 compared to 354 in 2012 (48% increase). EIA and other NGOs support an HFC phase-
down under the Montreal Protocol, because it is broadly supported by industry and increasing 
government commitments.  
 

Natural refrigerant market development trends – Global overview 
Marc Chasserot, Shecco, Belgium 
 
Shecco is a market development company for natural refrigerants that aims to accelerate the transition 
to the sustainable solutions in “natural” refrigerants. There is a 20-year patent cycle for synthetic 
refrigerants (CFCs, HCFCs, HFCs, low-GWP HFCs). Protocols, policies, and regulations are speeding this 
up, but there is still uncertainty in the market place regarding many alternatives. “Natural” refrigerants, 
which had been used in the early days of refrigeration, are being reintroduced into the market across 
the whole range of heating, cooling, and refrigeration applications, where refrigerants need to be cost-
effective and energy efficient. There has been a lot of innovation worldwide with regard to the use of 
“natural” refrigerants in the food retail chain, buildings, transport, and special applications. Hundreds of 
manufacturers are now developing solutions for “natural” refrigerant applications, which is bringing 
down cost and improving efficiencies in order to stay competitive. Companies within the Consumer 
Goods Forum (Major brands, including Coca-Cola, Walmart, and Unilever) are accelerating their use of 
“natural” refrigerants to save money, because “natural” refrigerants are more efficient and companies 
would be avoiding a potential HFC phasedown down the line.  

¶ In industrial refrigeration, about 90 percent of developed countries and 40 percent of 
developing countries use ammonia (NH3).  

¶ About 50 percent of new domestic refrigerators use HCs. 

¶ Approximately 2.5 million light-commercial units are HFC-free. 

¶ By the end of 2012, an estimated 1,600 CO2 transcritical supermarket systems will be in use: 
o In Japan, over 140 stores are using CO2 transcritical systems; 
o In Canada, there were 37 stores with transcritical CO2 systems in 2012; 
o One transcritical store in Hanover, Maine, and one opening in New York City; and 



o There are a minimum of 113 food retail brands using CO2 as of May 2013. 
 

Initiative to encourage uptake of low-GWP, energy efficient alternatives 
Claudia Becker, Refrigerants, Naturally!, Germany 
 
The focus of Refrigerants, Naturally! is for companies to replace F-gases with climate-friendly, “natural” 
refrigerants, such as ammonia, carbon dioxide, and hydrocarbons. The initiative is focused on point-of-
sale refrigeration equipment, such as bottle coolers and vending machines. The members of this global 
initiative include Coco-Cola, PepsiCo, Red Bull, and Unilever, and are supported by UNEP and 
Greenpeace. The initiative explores and showcases alternative technologies and attends conferences 
and technical meetings. Major achievements include installing more than 2.5 million HFC-free 
refrigeration units and avoiding more than 1 million tons of emissions in CO2 equivalent. Of the 2.5 
million units, PepsiCo is responsible for 200,000 HFC-free units, Coca-Cola for 800,000, Red Bull for 
313,000, and Unilever for 1.25 million HFC-free freezers. These units function by using various 
combinations of propane, isobutane (R-600a), and CO2 refrigerants, and these units have been found to 
be more energy efficient. Starting in 2015, Coca-Cola plans to purchase 100 percent HFC-free new cold 
drink equipment. The initiative calls for an immediate HFC phase-down under the Montreal Protocol and 
seeks to impact the decision of developed and developing countries to choose sustainable replacements 
for HCFCs in refrigerants. 

 
RAD Partnership: Ozone and climate benefits through responsible recycling 
Cindy Newberg, U.S. Environmental Protection Agency (U. S. EPA), United States 
 
The U.S. EPA’s Responsible Appliance Disposal (RAD) Partnership is a partnership between EPA and 
more than 50 retailers, utilities, and manufacturers to encourage responsible recycling of refrigerant-
containing appliances such as household refrigerators and ACs. Partners comply with appliance disposal 
laws (recover refrigerant for destruction or reclamation and properly manage and store universal 
waste), but also go above and beyond the law to recover appliance foam, promote recycling of durable 
goods, promote retirement of old, inefficient equipment to save energy, and participate in annual 
reporting. A typical refrigeration unit contains 0.5 pounds (lbs) of refrigerant (ODS and HFCs), one-lb of 
foam blowing agent (ODS and HFCs), and over 150 lbs of durable goods (e.g., metals, plastic, and glass) 
that, if recycled, would reduce the need for production of new materials. RAD partners recycle as much 
of the refrigeration unit as possible. Some regions of the United States need to reduce strain on the 
electric grid, so many utilities implement appliance recycling under their demand side management 
programs in order to remove older products that are less energy efficient from the grid. In 2011, RAD 
utility partners collected appliances that were on average greater than 20-years old, and saved 3.2 
billion kilowatt-hours  of energy consumption. The RAD Program helps partners achieve green goals and 
annual reporting allows partners to track environmental achievements.  
 

Leveraging ozone and climate opportunities: CCAC and other mechanisms 
Danielle Grabiel, Institute for Governance and Sustainable Development (IGSD), 
United States 
 
The Institute for Governance and Sustainable Development (IGSD) is a lead non-governmental 
organization (NGO) partner for the CCAC, which was launched in February 2012 to reduce short-lived 
climate pollutants (SLCPs). SLCPs affect human health and by reducing emissions of these compounds 
there are unique opportunities for realizing near-term climate benefits. In 2011, UNEP reported that 



reducing methane and black carbon (two of the SLCPs covered under the CCAC, in addition to HFCs) 
could prevent 2 million deaths and reduce global warming by 0.5°C. No technical breakthroughs are 
required to reduce SLCPs. Approved initiatives build on existing efforts and determine what is missing, 
and look to see how the Coalition (with their high level resources) can accelerate these efforts and 
catalyze actions. The CCAC provides a platform for cooperative activities between governments, private 
sector, stakeholders that promote climate-friendly alternatives to high-GWP HFCs. 
 
Discussion/Q&A 

During the question and answer period for Session VIII, the following points were clarified: 
 
One participant asked for the U.S. EPA’s reaction to the HFC component of President Obama’s Climate 
Announcement made on Tuesday, June 25, 2013.  

¶ Ms. Newberg responded that President Obama laid out a path forward on national and 
international  activities.  President Obama laid out a number of  items that related to reducing 
HFC emissions including under the Significant New Alternatives Policy program – including 
identifying climate-friendly alternatives  and reconsidering the most harmful chemicals, outliers.  
U.S. EPA will start by bringing stakeholders together..  

¶ Mr. Chasserot added that at the ATMOsphere America conference, Harrison Horning from 
Hanerford Brothers spoke on commercial refrigeration and commented on how testing is very 
important, so the implementation of CO2 transcritical systems in America (potentially in 
response to Obama’s announcement) may take a while, but over the next three-to-five years, 
we should see significant changes in the United States. 

 
One participant asked who funds the CCAC’s work. 

¶ Ms. Grabiel responded that, to date, CCAC work is funded through voluntary contributions by 
governments, but that may change in the future. 

 
One participant asked which standards the U.S. EPA refers to for reclaimed refrigerant purity.  

¶ Ms. Newberg responded that ASHRAE and AHRI standards for recycling are referenced, including 
ARI 700 and ARI 740.   

 
One participant asked how, as a layperson, we should understand the benefits of hydrocarbon 
refrigerants. 

¶ Mr. Chasserot responded that Coca-Cola is anxious to make hydrocarbons and other natural 
refrigerants more appealing to the public and will likely use advertisements to promote the 
benefits.  

 
One participant asked whether market or regulatory mechanisms are more effective. 

¶ Mr. Chasserot responded that an environmental committee of the European Parliament voted 
to make the EC proposal more restrictive and tougher. A simple phase-down will not fully 
incentivize the development of alternatives on the market. Within the next six months (i.e., 
between now and the decision regarding the F-gas revision proposal), there could be a lot more 
change in the market. In Europe, the European Parliament wants to make it tougher on HFCs to 
pave the way for other low-GWP alternatives. 

¶ Ms. Perry responded that companies will use what chemicals are available.  They currently use 
HFCs, and may not be willing to change unless they have a clear signal for investment and a clear 
timeline for change. 



¶ Mr. Chasserot added that the phase-down proposed in Europe was proposed by the chemical 
industry, so the European Parliament may make it stricter to pave the way for more innovation 
and make the market more competitive. 

 
 

WRAP-UP AND THANKS 
 
Philip Owen of the European Commission thanked all workshop partners:  UNEP, UNDP, the Climate and 
Clean Air Coalition, the United States government, and The Alliance for Responsible Atmospheric Policy; 
as well as speakers, moderators, exhibitors, facilitators, participants, OzonAction Network, and the 
United Nations Conference Center staff. In addition, special thanks were given to Nancy Akerman from 
U.S. EPA who helped organize this conference. Mr. Owen noted that we have learned a lot about new 
policy development alternatives, particularly within the refrigerant AC sector, and a lot of important 
messages have been given regarding the potential phase-down of HFCs and availability of alternatives 
now and in the future.  
 
 


