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Meeting Summary
Background:
Over the next few decades, increases in hydrofluorocarbon (HFC) emissions could offset a fraction of the
climate benefits achieved by reductions in ozone‐depleting substance (ODS) emissions.1 In many sectors,
such as foam insulation, refrigeration, and air conditioning, zero‐ to lower‐ global warming potential
(GWP) options are available or in various stages of development. While there is no “one‐size fits all”
solution, 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. Considerable work is being done to
identify alternatives that preserve or enhance energy efficiency, cost‐effectiveness, safety, and
performance.2 These existing and emerging options allow enterprises and countries to take the next
steps in the phase‐out of ozone‐depleting chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons
(HCFCs) while limiting the climate contribution of high‐GWP HFCs.
To address these issues, the industry and government‐sponsored conference “Advancing Ozone &
Climate Protection Technologies: Next Steps” was held in Bangkok, Thailand, in the United Nations
Conference Center on July 21 ‐22, 2012, immediately preceding the 32nd Meeting of the Open‐Ended
Working Group of the Parties to the Montreal Protocol.
The conference sponsors were the United Nations Environment Programme, the United States
Government, the United Nations Development Programme, the Climate and Clean Air Coalition on
Short‐Lived Climate Pollutants and The Alliance for Responsible Atmospheric Policy. The European
Commission was a conference supporter.
Overview:
The conference and concurrent technology exhibition attracted over 400 participants including industry,
policymakers, environmental organizations, and academia. The conference objective was to share
information and expertise on various alternatives and approaches to ensure that the phase‐out of CFCs
and HCFCs is done in such as way as to limit the climate contribution of high‐GWP HFCs.
The day and a half conference included presentations covering policy and technical aspects of this
transition in the refrigeration, air‐conditioning and foams sectors. Technical presentations explored both
non‐fluorinated and fluorinated alternatives, including potential timelines and challenges for application
of alternatives. Presenters provided information on the latest alternatives and where these are being
deployed including: new low‐GWP fluorinated foam blowing agents; mini‐split air conditioners with
hydrocarbon refrigerants; and motor vehicle air conditioners using hydrofluoro olefin (HFO)‐1234yf
entering the market. Participants also learned of emission reduction approaches including: reducing
charge sizes through advanced technology design – such as supermarkets going from hundreds of
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UNEP 2011, HFCs: A Critical Link in Protecting Climate and the Ozone Layer – A UNEP Synthesis Report.
UNEP 2011, Report of the Refrigeration, Air Conditioning and Heat Pumps Technical Options Committee 2010
Assessment; Report of the Rigid and Flexible Foams Technical Options Committee 2010 Assessment.
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kilograms to using less than 45 kilograms of refrigerant; minimizing leaks through better design; and
corporate responsibility and sustainability.
Conference participants actively discussed various policies tools for reducing the use and emissions of
high‐GWP HFCs, including those that could be considered nationally, regionally, and at the international
level by the Montreal Protocol. Policies as diverse as the new carbon price for synthetic GHGs in
Australia, voluntary partnerships, bans on certain types HFC equipment, and policies that enable low‐
GWP technologies were presented. The new Climate and Clean Air Coalition was highlighted as a
mechanism for enabling technologies.
Concurrent with the conference, a technology exhibition was arranged with exhibitors from over 25
companies and organizations. The exhibition showcased various air‐conditioning, refrigeration, foams,
and fire suppression technologies as well as destruction technologies for ODS and HFCs. Many of the
exhibits included equipment available today.
A final agenda, list of exhibitors, and summary of presentations are attached.
Participation:
International Organizations:

15% = 62 (including Multilateral Fund and Ozone Secretariats)

Government Representatives: 34% = 141 (85 Developing Countries, 56 Developed Countries)
Industry Representatives:

47% = 195

NGOs/Civil Society:
4% = 18
_______________________________________________________________________________
Total # of Participants:

100% = 416 (29% Female, 71% Male)

Attachments:
1) Final Agenda
2) List of Exhibitors
3) Summary of Presentations
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ATTACHMENT 1: FINAL AGENDA

Final

ADVANCING OZONE AND CLIMATE PROTECTION TECHNOLOGIES – NEXT STEPS
21-22 July 2012, United Nations Convention Center, Bangkok
AGENDA

SATURDAY, 21 JULY 2012
TIME
07:30

AGENDA TOPIC

SPEAKER/AFFILIATION

Registration of participants
Opening Session

Dr. Rathin Roy, UNDP
Dr. Young Woo Park, UNEP
Introduction of sessions and organization of work
UNDP/UNEP
Session-I: Policy Drivers (Moderated by Dr. A. Duraisamy, India)
Balanced approach: Industry’s actions to responsibly meet society’s needs Kevin Fay, Alliance
Applying a carbon price to synthetic GHGs – the Australian approach
Patrick McInerney, Australian Government
Philip Owen, European Commission
8:50 to Revision of EU regulation on fluorinated greenhouse gases
10:20 Policy and regulatory initiatives from Indonesia
Sulistyowati, KLH Indonesia
Policies and regulations for ozone protection – experiences from China
Zhou Xiaofang, FECO/MEP, China
US approaches on domestic and international policy/regulatory drivers
Cindy Newberg, USEPA
Discussions/Q&A (20 min)
All participants
Tea/Coffee Break
Session-II: The Search for Alternatives (Moderated by Mr. Agustin Sanchez, Mexico)
New low-GWP refrigerants
Tom Morris, Honeywell, USA
Next generation low-GWP refrigerants
Rick Zhou, Arkema, France
10:50 to
Zero-ODP, low-GWP refrigerant technology options
Tae-Sung Kim, DuPont, USA
12:05
Current research on refrigerants
Steve Yurek, President, AHRI, USA
Alternatives and the market
Barbara Gschrey, OkoRecherche, Germany
Discussions/Q&A (20 min)
All participants
Lunch Break
Session-III: Refrigeration (Moderated by Mr. Jim Curlin, UNEP)
Standalone refrigeration systems
Reinhold Resch, AHT, Austria
Global solutions for industrial refrigeration with natural refrigerants
Motobumi Ono, Mayekawa, Japan
Advances in system design for supermarket refrigeration
Scott Martin, Hill-Phoenix, USA
Jiang Shaoming, Yantai Moon Group, China
13:30 to Ammonia/CO2 freezing systems
15:30 Efficiency & refrigerant evolution in sustainable container refrigeration
Kartik Kumar, Carrier Transicold, USA
Role of blowing agents in domestic refrigeration
Shantanu Dasgupta, Whirlpool, USA
Sustainable refrigeration with high efficiency
Dieter Mosemann, GEA Refrigeration, Germany
Ammonia/CO2 refrigeration systems – case study
Jean-Claude Logel, Axima Refrigeration, France
Discussions/Q&A (20 min)
All participants
8:30 to
8:50

Welcome

Tea/Coffee Break
Session-IV: Foams (Moderated by Mr. Dave Stirpe, Alliance)
Foam expansion agents
Helen Walter-Terrinoni, DuPont, USA
Next generation blowing agents for various applications
Dave Williams, Honeywell, USA
Non-flammable low-GWP blowing agents
Matt Ritter, Arkema, France
16:00 to
Methyl Formate (EcoMate) technology for foams
John Murphy, Foam Supplies, Inc., USA
17:45
Alternative technologies in rigid foams in transportation
Felipe Crestani, Folle/Bantech-Randon, Brazil
Developing country experiences from systems houses
Samir Arora, Industrial Foams, India
Use of pentanes in foaming equipment
Andy Tay, Hennecke, Germany
Discussions/Q&A (20 min)
All participants
Close of Day One
18:30 Reception hosted by European Commission (ground level of UNCC)

SUNDAY, 22 JULY 2012
Session-V: Stationary Air Conditioning (Moderated by Mr. Nandan Chirmulay, UNDP)
Alternative refrigerant R-32 in air conditioning
Mark Stanga, Daikin Industries, Japan
Alternatives for new air conditioning equipment
Bill McQuade, Johnson Controls, USA
R-32 technology for commercial air-source heat pumps/chillers
Li Minyang, Tsinghua Tong Fang, China
R-32/Hydrocarbon technologies in commercial air-conditioning
Iwan Chandra, PT. Geeta Mandiri Technik
08:00 to
Low-GWP alternatives for unitary and commercial systems
Rajan Rajendran, Emerson, USA
10:15
HC technology for room air-conditioners
Dilip Rajadhyaksha, Godrej, India
Application of HC refrigerant in room air-conditioners
Zheng Yanqun, Gree Electric Appliances, China
Low-GWP refrigerant R-32 in air conditioning
Akira Fujitaka, Panasonic, Japan
Research on rotary compressors based on R-290 technology
Chen Zhenhua, Guangdong Meizhi, China
Discussions/Q&A (20 min)
All participants
Tea/Coffee Break
Session-VI: Standards and Regulatory Initiatives (Moderated by Mr. Leslie Smith, Grenada)
Use of flammable refrigerants in HVAC&R equipment
Bridge Xue, Underwriters Laboratories, USA
Zhang Zhaohui, CRAA, China
10:45 to Updates on standards in China
11:45 European and international standards for low-GWP refrigerants
Daniel Colbourne, GIZ Germany
Standards and regulations covering natural refrigerants
Marc Chasserot, Shecco, Belgium
Session-VII: Civil Society, Government and Corporate Commitments (Moderated by Mr. Abdul-Kazeem Bayero, Nigeria)
Climate & Clean Air Coalition to reduce short-lived climate pollutants John Thompson, US Dept. of State
11:45 to
I’d like to teach the world to sing…about Natural Refrigeration!
Bryan Jacob, Coca-Cola, USA
12:30
Opportunities for cooperative action to protect ozone and climate
David Doniger, NRDC, USA
Discussions/Q&A for sessions VI and VII (20 min)
All participants
Wrap-up and thanks
Cindy Newberg, USEPA
Closure of workshop
Lunch hosted by UNEP with concurrent multimedia presentation on sustainable buildings: “The Manipulation
13:00 of Air: Innovation, Institution and Respect of Earth’s vital element” by Mr. Karan Grover (ground level of the
UNCC)

ATTACHMENT 2: LIST OF EXHIBITORS

ALTERNATIVE TECHNOLOGIES EXHIBITION
21‐24 July 2012, UN Conference Centre, Bangkok
Exhibitor Name
3M
ABRAVA
Bitzer
Blupura Srl.
Broad Air Conditioning
CHEAA
CRAA
Daikin
DuPont
Foam Supplies, Inc.
GEA Refrigeration
GIZ
Green Earth
Guangdong Meizhi
Haier
Honeywell
Industrial Foams
Mayekawa
Midwest Refrigerants
Purcom
Birla Aircon
Refrigerants Naturally!
Shecco
Tsinghua Tongfang
Yantai Moon Group

Country
USA
Brazil
Germany
Italy
China
China
China
USA/Japan
USA
USA
Germany
Germany
China
China
China
USA
India
Japan
USA
Brazil
India
Global
Belgium
China
China

Product(s)/Services
Chemicals
Industry association (R&AC)
Compressor
Water‐coolers
Absorption Chillers
Industry association (Home appliances)
Industry association (R&AC)
Air Conditioning, refrigerants
Blowing agents, refrigerants
Polyurethane foam systems
Compressors, Refrigeration
International cooperation agency
Polyurethane foam equipment
HC Compressors
R&AC appliances
Blowing agents, refrigerants
Foams Systems House
Refrigeration compressors and systems
Refrigerants
Polyurethane foam system house
Water‐cooler manufacturer
Natural refrigerants advocacy coalition
Natural refrigerants advocacy organization
Air‐source chillers/heat‐pumps
Refrigerating and freezing systems

Informational Booths
The Alliance for Responsible Atmospheric Policy (Alliance)
United Nations Development Programme (UNDP)
United Nations Environment Programme (UNEP)
United States Environmental Protection Agency (U.S. EPA)
European Commission
Climate and Clean Air Coalition on Short‐Lived Climate Pollutants (CCAC)
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ATTACHMENT 3: SUMMARY OF PRESENTATIONS

OPENING SESSION
Dr. Rathin Roy, Director and Regional Manager at Asia Pacific Regional Centre of UNDP, and Dr. Young
Woo Park, Regional Director of UNEP ROAP, welcomed workshop participants and expressed the
importance of the timing and location of this conference taking place on the cusp of the HCFC phaseout
in Asia Pacific, and the challenges of transitioning while considering climate and other environmental
impacts. Dr. Roy urged the organizers to bring the visibility of such issues and events, particularly the
energy use element in these sectors to the attention of economic decision‐makers in governments.
Atul Bagai, Senior Regional Coordinator of UNEP Regional Office for Asia and the Pacific (ROAP), served
as the emcee for the conference. He introduced each of the panels as well as the Opening Session’s
participants.
SESSION I: POLICY DRIVERS moderated by Dr. Arumugam Duraisamy, India
Balanced Approach: Industry’s Action to Responsibly Meet Society’s Needs; Kevin Fay, The Alliance for
Responsible Atmospheric Policy, United States
The Montreal Protocol uses a science‐based policy approach, with a strong focus on technology
solutions.
 Industry has continuously improved technologies across all ODS sectors, and future technologies
must strike a balance to answer energy efficiency and other environmental goals, as well as
consumer needs.
 The Alliance supports a planned, orderly HFC phasedown with the uptake of refrigerant alternative,
equipment design (energy efficiency, charge and leak reduction), and best practices (e.g., reducing
fugitive emissions, recovery and reuse, and destruction at equipment end‐of‐life).
 Progress has already been remarkable with ODS emissions reduction of 99% and greenhouse gas
emission reductions of 90%.
When enacting policies, a balanced approach is needed that considers availability of safe, energy
efficient, and cost‐effective technologies. He also underscored the importance of considering the full
environmental impacts of alternative refrigerants and technologies.
Applying a Carbon Price to Synthetic GHGs: the Australian Approach Australia’s Application of an
Equivalent Carbon Price to Synthetic Greenhouse Gases; Patrick McInerney, Department of
Sustainability, Environment, Water, Population and Communities, Australia
Australia’s Clean Energy Future Plan and its application of a carbon price on HFCs and other synthetic
greenhouse gases have recently been implemented. The Clean Energy Future Plan applies an equivalent
carbon price on HFCs and other gases starting 1 July 2012, is intended to:
 increase recycling,
 improve servicing/reduce leakage, and
 promote technology innovation and conversion to low‐GWP equipment.
The carbon price that will be added to the cost of HFCs has a three‐year fixed price period, starting at
$23/ton CO2eq. in 2012 and rising to $25.40 by 2014; based on GWP values from the IPCC Second
Assessment Report, this translates to roughly $30/kg of HFC‐134a and $75/kg of R‐404A in 2012, for
example. The carbon price applies to imports of HFCs in bulk and in pre‐charged equipment, with a
refund provided for exports. Exemptions are provided for foams and metered dose inhalers (MDIs). A
complementary destruction program to start July 2013 is being designed.
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Revision of the EU Regulation on Fluorinated Greenhouse Gases; Philip Owen, European Commission
The European Union’s (EU) regulations on fluorinated greenhouse gases have been in place since 2006
and covers stationary equipment and mobile air conditioners (MACs). The regulation for stationary
equipment includes containment measures and a few use/placing on the market bans on HFCs and
other fluorinated greenhouse gases. The MAC Directive bans refrigerants above a GWP of 150 in new
motor vehicle models and in all new cars from 2017. Current legislation would stabilize emissions at
today’s level despite growth, but more is needed for the EU to achieve its 2050 GHG emission reduction
goals. The European Commission is considering options to further reduce fluorinated greenhouse gases
emissions through:
 better containment,
 voluntary actions,
 an HFC phasedown, and/or
 certain use and marketing prohibitions for new equipment/products containing fluorinated
greenhouse gases, in particular HCFs.
Policy options are currently being reviewed, with proposed legislation expected by the end of 2012.
Policy and Regulatory Initiatives from Indonesia; Sulistyowati Hanafi, Ministry of Environment,
Indonesia
Indonesia’s Stage I HCFC Phaseout Management Plan (HPMP) includes a licensing system, import
quotas, and conversion plan to low‐GWP technologies. The Stage I HPMP is focused on the Foams, Air
conditioning and Refrigeration sectors. Key elements include a prohibition on HCFC‐141b blowing agent
in various foam uses and prohibition of HCFC‐22 in air‐conditioning and refrigeration equipment starting
2015
Policies and Regulations for Ozone Protection ‐ Experiences from China; Xiaofang Zhou, Ministry of
Environmental Protection, China
In China, both the Law on Air Pollution Prevention and Control and the Regulation of ODS Management
are used to manage the ODS phaseout. The ODS management regulations are based on lifecycle
management of (e.g., recovery, reuse, reclamation and destruction). China’s Stage I HPMP includes
climate‐friendly alternatives. To the extent possible, China intends to adopt climate friendly
technologies such as hydrocarbons (HCs), ammonia (NH3), carbon dioxide (CO2), water, and low‐GWP
HFCs to achieve maximum environmental benefits through implementation of its HPMP.
U.S. Approaches: Domestic and International Drivers; Cindy Newberg, U.S. Environmental Protection
Agency, United States
In the United States, safer alternatives are listed by the Significant New Alternatives Policy (SNAP)
Program. SNAP has assessed over 400 substitutes, using a balanced approach to assess impacts on
human health and the environment.
 In 2011, SNAP approved nine alternatives across various ODS sectors—including HFO‐1234yf for use
in motor vehicle air conditioners and HCs in domestic refrigerators and stand‐alone commercial
freezers—and found complete a petition to reconsider the listing for HFC‐134a for motor vehicle AC.
 In 2012, SNAP approved CO2 for motor vehicle AC, and was completing another notice with
additional alternatives listed as acceptable at the time of the conference. SNAP has over 20 other
alternatives being reviewed (e.g., HFC‐32, HFOs, HCs, CO2, etc.).
 The U.S. also manages refrigerant use and has voluntary partnership programs that go beyond
regulations (e.g., GreenChill).
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The United States, with its North American partners, Canada and Mexico, support amending the
Montreal Protocol to phasedown HFCs. The amendment could garner 96 GtCO2eq by 2050. Momentum
for addressing HFCs under the Montreal Protocol is growing, with 108 Parties already having signed a
declaration and the outcome from the Rio+20 meeting in June.
DISCUSSIONS/Q&A
During the question and answer period, the following points were clarified:
 Mr. McInerney explained that the Australian government has provided incentives for destruction
and future incentives are being discussed. Mr. McInerney noted that the existing industry‐operated
destruction program is working well, it was originally voluntary; but starting in 2003‐2004, the
government provided a regulatory backing to it. He also noted the government’s prohibition on
preventable emission and the licensing systems. Many of these elements will likely be incorporated
into the future regulation.
 Ms. Newberg put the number of nations favoring discussions of HFCs under the Montreal Protocol
into perspective. 108 Parties that signed the declaration favoring addressing HFCs under Montreal
Protocol, there are 197 parties in total and roughly 140 parties attended the Meeting of Parties in
November 2011. She added that Indonesia, which hosted the 2011 Meeting, had 97 countries sign
on to their declaration that is even more forward leaning.
SESSION II: THE SEARCH FOR ALTERNATIVES moderated by Augustin Sanchez, Mexico
New Low‐GWP Refrigerants; Thomas Morris, Honeywell International, United States
Developing new chemicals is about a 10‐year process. Key considerations for selecting chemical
candidates include environmental impacts, performance, safety, and cost‐to‐serve. Honeywell’s HFOs
and HFO blends include HFO‐1234yf, HFO‐1234ze, and HFO‐1234zd, as well as N‐series and L‐series
blends (i.e., N‐13, N‐20, N‐40, L‐2‐, L‐40, and L‐41). While some of the HFO/HFO blends are non‐
flammable (ASHRAE A1), many are mildly flammable (ASHRAE A2L). These new refrigerants have the
potential to replace HFC‐134a, HCFC‐22, R‐404A, and R‐410A in diverse applications, including MVACs,
vending machines, refrigerators, chillers, commercial refrigeration, and stationary AC. GWPs range from
4 to <500 ‐ lower GWPs than the HCFCs or HFCs that they are designed to replace. Many may also
improve energy efficiency while ensuring safety and cost‐effectiveness.
Non Flammable Low‐GWP Fluorochemical Refrigerants in Stationary Applications; Rick Zhou, Arkema
Inc., France
Transition is now towards fourth generation low‐GWP substitutes. For fluid selection, factors include
environmental impacts, performance, safety, properties, availability, and durability. Two key
alternatives under development by Arkema are ARM‐J8 and ARC‐1. ARM‐J8 has a GWP of <300, is non‐
flammable, and has potential as a substitute for HFC‐134a and HCFC‐22 (including hot water heat
pumps). ARC‐1 has a GWP of <15, is also non‐flammable, and performs like HCFC‐123 (i.e., applications
for commercial AC/liquid chillers). These refrigerants have energy efficiency similar to or better than
their predecessors.
Zero‐ODP, Low‐GWP Refrigerant Technology Options for Stationary Air Conditioning & Refrigeration;
Tae‐Sung Kim, DuPont, United States
Low‐GWP refrigerant selection for emerging markets includes consideration of safety; sustainability,
performance, and total cost to use/of ownership are the key criteria. Regulations in developed countries
as well as increasing pressure to limit HFC growth globally are leading to development of low‐GWP
refrigerant options worldwide. DuPont’s new HFO refrigerants—include HFO‐1234yf (GWP of 4), DR‐7
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(GWP ‐ 250), DR‐5 (GWP ‐500), DR‐3 (GWP ‐150), and DR‐2 (GWP ‐10). These refrigerants are mildly
flammable except for DR‐2, which is non‐flammable. Combined, these new refrigerants have potential
to replace HFC‐134a, R‐404A, R‐410A, HCFC‐22, and HCFC‐123. New, large‐scale production plants for
these chemicals are expected to come online in 2015 or later.
An Overview of AHRI Research Efforts on Low‐GWP Refrigerants; Steve Yurek, Air‐Conditioning,
Heating, and Refrigeration Institute, United States
The Air‐Conditioning, Heating, and Refrigeration Institute’s (AHRI’s) refrigerant research efforts include:
 Low‐GWP Alternative Refrigerants Evaluation Program (Low‐GWP AREP) which began in March 2011
to identify suitable alternatives to high GWP refrigerant alternatives. Through this program,
compressor calorimeter, drop‐in, and soft‐optimization tests are being conducted on 73 candidates
and 84 products, and a final report will be available in November 2012.
 AHRI’s Materials Compatibility and Lubricants Research (MCLR) for Low GWP Alternative
Refrigerants Phase I is focusing on the thermal and chemical stability of low‐GWP refrigerants, while
Phase II (to start later this year) will focus on materials compatibility.
 AHRI’s risk assessment of residential heat pump systems using A2L low GWP refrigerants is assessing
HFC‐32, HFO‐1234yf, and HFO‐1234ze in ducted split heat pumps.
 AHRI’s Life Cycle Climate Performance (LCCP) Model for residential heat pumps, is an Excel‐based
tool available on AHRI’s website free of charge.
Potential of Alternative Technologies Substituting ODS and HFCs; Barbara Gschrey, Oko‐Recherche,
Germany
The results of an analysis conducted for the European Commission to review the replacement of HFC
technologies in the EU to identify how maximum HFC reductions can be achieved at the least cost
through 2030. The study aimed to ascertain: which technologies are available, when, and at what cost?
Looking at a combination of alternatives for each sector based on maximum emission reductions at
minimum costs, the study found that in all subsectors except for industrial refrigeration and fishing
vessels, the penetration mix of abatement options is 100% in 2030 or before. Based on marginal
abatement cost (MAC) curves, the analysis found that Article 5 countries could reduce HFC consumption
by roughly 2,500 MTCO2eq by 2030 at a cost of roughly ‐46€ (US$ 56) to 48€ (US$ 58) per MTCO2eq,
depending on application and alternative selected; Article 2 countries could reduce about 1,000
MTCO2eq at a cost of roughly ‐42€ (US$ 51) to 48€ (US$ 58) per MTCO2eq.
DISCUSSIONS/Q&A
During the question and answer period, the following points were clarified:
 Asked whether they are confident that their products will not lead to an increase in TFA, and to
whether there are concerns with HFO blends when they breakdown ‐ Mr. Morris explained that
TFA is an important issue, and that based on studies to date, it should not cause alarm based on
projections.
 One participant noted monopolistic concerns over some of the new refrigerants and their
commercial availability under fair conditions. He questioned use of theoretic emission rates in LCCP
analyses in the range of 1%, which is lower than leak rates observed in the field of roughly 10‐20%.
Mr. Kim explained that two manufacturers are currently producing HFO‐1234yf to supply the EU
market in response to the MAC Directive over the next few years and that larger supplies are
planned beyond 2015; while these two manufacturers have patents on HFO‐1234yf, it can be
manufactured using different pathways, so other producers may emerge.
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One participant noted that in Denmark rules have been in place for the last 10 years using the
options described in the presentations, which has resulted in a HFC consumption reduction of two‐
thirds and asked how the refrigeration/AC industry has reacted to these regulations.
One participant asked about the health and safety aspects of refrigerant flammability, about the
definition of “low GWP,” and about the costs and efficiencies of the low GWP alternatives described
by the presenters.
o Mr. Morris explained that “low GWP” cannot be defined universally—that if you set a
threshold of 20, for example, you limit yourself and could suffer EE penalties. Thus, if there
were to be a GWP cut‐off, it should be application specific, based on consideration of the
feasible alternatives that exist for each one.
o Ms. Gschrey noted that her study did not use the term “low GWP,” but simply targeted the
implementation of the lowest GWP options.
o Mr. Yurek responded to the issue of safety/flammability, noting that not only the choice of
refrigerants need to be considered in this respect but also how they are installed, used, and
maintained in equipment—i.e., both commercial and technical viability must be considered.
o Mr. Kim maintained that R‐290 has good performance and a very low GWP, but because of
flammability, there’s a limit for charge size, which means that other options must be
considered.

SESSION III: REFRIGERATION moderated by Jim Curlin, UNEP, France
Stand Alone Refrigeration Systems; Reinhold Resch, AHT Cooling Systems, Austria
AHT Rottenmann and AHT Group are refrigeration system manufacturers with factories in Austria and
China and supply diverse supermarket refrigeration equipment using R‐290 including plug‐in units and
ice cream cabinets. Germany and the Republic of Korea are their largest markets and some units are also
installed in Thailand, the United States, and South Africa. AHT has a service network (Coolpoint) of
technicians trained on HC units that can provide quick response for their customer needs. AHT’s HC
cabinets first entered the market in 1995 in Germany; today, roughly 0.5 million HC cabinets use
worldwide, with high customer satisfaction and improved energy efficiency (by up to 50%) over HCFC‐22
systems. The presentation covered engineering and safety aspects of the HC systems.
Global Solutions for Industrial Refrigeration with “Natural Refrigerants”; Motobumi Ono,
Mayekawa/Mycom Research Institute, Japan
Mayekawa offers high‐efficiency products using non‐fluorinated refrigerants in use in Japan. The first
technology highlighted was a low‐charge, semi‐hermetic ammonia compressor with IPM motor with CO2
as secondary fluid system, which resulted in CO2 emissions reductions of roughly 30% in a distribution
center. Mayekawa also has CO2 heat pumps (air to water and water to water), found to reduce CO2
emissions by 62%; adsorption chiller using solar energy, which achieved CO2 reductions of 64% in a
shopping mall; HC refrigeration chillers (using butane, propane, and HC blends), which achieved 14%
CO2 reductions; and an air cycle refrigeration system for low and ultralow temperatures, which reduced
CO2 emissions by 54% in a tuna cold storage facility. Based on these technological capabilities,
Mayekawa supports promotion of these refrigerants in industrial markets and the introduction in some
commercial and consumer markets.
Advances in System Design for Supermarket Refrigeration; Scott Martin, Hill PHOENIX‐USA, United
States
Hill PHOENIX’s technology options for reducing HFC emissions in large supermarket refrigeration
systems in use in the United States include:
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secondary glycol and CO2 systems using HFC as the primary refrigerant, which reduce HFC charge by
roughly 50%;
CO2 cascade “hybrid” systems using HFC as the primary refrigerant, which reduce HFC charge by
roughly 70%; and
CO2 “booster” systems which use zero HFCs. Mr. Martin briefly explained these systems and
estimated the climate benefits associated with each one based on a typical U.S. supermarket.

Ammonia/CO2 Freezing Systems; Jiang Shaoming, Yantai Moon Group, China
Yantai Moon Group manufactures screw compressors and low‐temperature refrigeration and freezing
equipment. The results of a UNDP demonstration project in China to convert two‐stage HCFC‐22 –based
system for cold storage and freezing applications to NH3/CO2 cascade technology made Yantai Moon
the first enterprise in China to undertake technical research and application on CO2 systems. The project
began in May 2011 and found that the COP of the NH3/CO2 screw cascade refrigeration system was over
8% higher than the HCFC‐22 two‐stage refrigeration system. Additional technical information about
these systems and the project, now being marketed was included.
Efficient and Sustainable Container Refrigeration Applications Using CO2; Kartik Kumar, Carrier
Transicold, United States
The presentation covered use of CO2 in container systems, beginning with a brief history of CO2
technology evolution and containerization. There has been continuous evolution of efficiency in
container refrigeration machinery and the new CO2 technology developed for these applications, which
can minimize environmental impact and improve energy efficiency. Expanded sea trials were conducted
in 2012. There is need for original equipment manufacturers (OEMs) to combine the best components in
a carefully designed system to maximize environmental stewardship.
Role of Blowing Agents for Domestic Refrigeration – Balancing Energy Efficiency & Environmental
Performance; Shantanu Desgupta, Whirlpool Corporation, United States
When Whirlpool selects blowing agents, they must consider ODP, GWP, energy efficiency, and system
cost. Based on these considerations, HFO/HFO blends are the superior choice for Whirlpool given they
provide the lowest system cost for an optimized cabinet system, can provide environmental
performance that is at par if not superior to C‐pentane, and are not volatile organic compounds (VOCs).
Alternative blowing agents must achieve the four following criteria: they must offer similar performance
to HCFCs; be environmentally friendly on all key parameters; be compliant with standards and
specifications of performance and safety laid down by governments; and be commercially viable for use
in both developed and emerging economies.
Sustainable Refrigeration with High Efficiency – Ammonia for Air Conditioning & Industrial Cooling;
Dieter Mosemann, GEA Refrigeration Technologies, Germany
The use of ammonia for industrial AC and cooling provides an option particularly when looking at the
characteristics of ammonia and material requirements, governmental and industrial drivers for adopting
such systems. GEA has more than 2,000 ammonia chillers installed in Europe since 1992. The
presentation included quantified the environmental benefits associated with the use of ammonia
systems and technical information on GEA’s new compact, low charge, and high efficient ammonia
systems. There are market barriers and the presentation described some activities to overcome these.
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Refrigeration and Gas Compression Specialties – CO2/NH3 Case Studies; Jean Claude Logel, AXIMA
Refrigeration GDF SUEZ, France
GDF SUEZ has its core business in industrial and commercial refrigeration. Axima Refrigeration’s
experience in using CO2 and ammonia has been in France, the United Kingdom, Thailand, and various
countries in Africa. These systems are highly energy efficient and the presentation provided additional
technical information.
DISCUSSIONS/Q&A
During the question and answer period, the following points were raised or clarified:
 One participant asked which natural refrigerants can achieve energy efficiency gains.
o Mr. Kumar responded by explaining that energy efficiency gains vary by application, as there
is no one size fits all; he further noted that where the technology has already been proven—
such as for container refrigeration—we should take the step to transition.
o Mr. Resch added that, in some cases where energy savings can be achieved, there is still a
need to change mindsets in order to accelerate the transition; he noted that this is the case
for non‐open glass supermarket refrigeration systems.
 Another question concerned when these types of technologies will be available in countries with
high ambient temperatures.
o Mr. Mosemann replied that ammonia systems can be used in places with ambient
temperatures of up to 81°C.
o Mr. Kumar noted that for containers, the technical barriers have been largely overcome in
containers in high ambient temperatures, but it will take time to gain market share and
make systems more cost competitive.
 One participant asked what technologies are recommended for Article 5 Countries.
o Mr. Mosemann explained that the answer will depend on the specific application.
SESSION IV: FOAMS moderated by Dave Stirpe, The Alliance for Responsible Atmospheric Policy,
United States
Low GWP Foam Expansion Agent Alternatives Update; Helen Walter‐Terrinoni, DuPont, United States
There is no single solution to replace HCFC‐141b in every foams application, and the transition cost will
depend on the size of operation, specific application, compatibility, and energy consumption. The
presentation covered technical information on DuPont’s next generation blowing agent solution, FEA‐
1100 (HFO‐1336mzz) for potential use in polyurethane foams. FEA‐1100 has a GWP of 8.9 and is non‐
flammable so does not require special safety equipment. This blowing agent has lower thermal
conductivity than other low‐GWP alternatives, performs better than HCFC‐141b at higher temperatures
for insulation, and has no or low capital investment costs. The sale of FEA‐1100 has been approved in
Japan and has been submitted for review by the U.S. EPA’s SNAP program.
Solstice Blowing Agents – Low Impact, High Energy Efficiency; Dave Williams, Honeywell, United
States
Honeywell has two new generation foam blowing agents—Solstice Liquid Blowing Agent (LBA) (also
known as HBA‐2) for use in PU foams and GBA (also known as HBA1) for use extruded polystyrene (XPS).
These products are olefins, which can also be used as solvents and aerosol propellants. Solstice LBA has
a GWP <5, which can be blended with water, and has high energy performance relative to cyclopentane
and HFC‐245fa in refrigerator, spray, and panel foams. Its cost effectiveness varies by application, and is
in many cases the best low‐GWP solution (e.g., cheaper than HCs in domestic appliances when
12

considering both capital and operating costs). This blowing agent is approved for sale in Japan and the
EU, while it is under review in the United States, China, and the Republic of Korea. Regarding Solstice
GBA, it has a GWP <6 and requires very little equipment modification if plants are configured for HFC‐
134a. It is exempted from VOC status and has an energy performance similar to HFC‐134a and better
than CO2. Its cost can also be reasonable depending on the energy efficiency standards that must be
met. This blowing agent has been commercial since 2008, with sales so far in Europe and Japan (and
expected soon in the US, given the 2011 sale approval). Honeywell is actively pursuing sales of this agent
in the one‐component foam industry as well.
Non‐Flammable Low GWP Blowing Agents with Improved Performance in PU Foam; Matt Ritter,
Arkema Inc., France
Arkema’s new low‐GWP foam blowing agent, AFA‐L1 is for use in PU rigid (PUR) foams. This next
generation liquid blowing agent has a GWP of less than 15, is non‐flammable, and can be used as a
suitable replacement for HFC‐245fa. It can be used for pour‐in place applications (e.g., for refrigerator
insulation), where its insulation value is comparable to HCFC‐141b and better than HFC‐245fa and
pentanes. AFA‐L1 use in domestic refrigerators leads to 25% reduction in emissions relative to HFC‐
245fa/HFC‐134a. The blowing agent can also be used for spray foam applications, where it also has
superior performance than HFC‐245fa as well as improved fire performance.
Methyl Formate (Ecomate) Cost Effective Blowing Agent for Polyurethane Foam Applications; John
Murphy, Foam Supplies, Inc., United States
Ecomate is a liquid blowing agent with a zero GWP and an alternative for HCFC‐141b for use in rigid and
flexible applications. Ecomate can be used pure or in blends. Due to its molecular weight, only half as
much agent is required compared to HCFC‐ 141b. While pure Ecomate is flammable, it is considered
combustible in blended systems, similar to HCFC141b‐blown systems. This alternative is cost efficient,
given the lower quantity of agent required, and has been commercially viable since 2002. Current
markets include pour in place rigid insulating foams (e.g., commercial foodservice equipment, industrial
and transport refrigeration, continuous and block foam), spray foams (e.g., industrial and residential
buildings), integral skin foams, flexible molded foams, slabstock foams, and XPS. The presentation
included case studies of Ecomate based on third‐party testing and a UNDP validation report, all of which
demonstrated Ecomate’s safe and effective use. The product is acceptable under U.S. EPA’s SNAP
program and available worldwide, including in Africa, Asia, Australia, China, Europe, and the Americas.
However, the agent is not yet a household name, with 10 years less market experience than HCs. Also,
there are no corrosion problems, contrary to some stories.
Alternative Technologies in Rigid Foam for Transportation: The Folle Conversion Case; Felipe Crestani,
Folle/Bantech‐Randon, Brazil
Folle/Bantech‐Randon is the largest manufacturer of trailers in Brazil. The presentation covered the
company’s transition to methyl formate (Ecomate) blowing agents in rigid foam for transportation
applications, including insulated doors, PU blocks for lateral closings, as well as walls and floors (which
use discontinuous panels and pour in place foams, respectively). The company evaluated HCs and
Ecomate, and chose Ecomate. The conversion was completed within 3 years (by 2011), and has resulted
in an increase in the productivity of the lines and reduced operational costs compared to HFC‐134a.
Ecomate has also offered safe and effective handling and transportation.
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Developing Country Experiences from System Houses – India Perspective; Samir Arora, Industrial
Foams PVT Ltd, India
Industrial Foams was the first company in India to stop using CFC‐based foams in the early 2000s. HCFCs
have become the dominant technology and the sector continues to grow with HCFC consumption rising
by 10% or more per year in India’s foam sector. There are challenges in phasing out HCFC foams in India,
including the fact that actual consumption of HCFC is nearly four times higher than the CFC consumption
baseline, and that small and medium‐sized enterprises (SMEs) account for 91% of the industry. There is
a need for incentives and policies to be adopted to ensure a transition to low GWP and zero ODP
alternatives in system houses to help these SMEs
Usage of Pentanes in PU Foam Processing – PUR(e) Fascination; Andy Tay, Hennecke Polyurethane
Technology, Germany
Hennecke’s experience in using pentane in PU foam processing industry includes the company’s pentane
metering machines, processing features, and new concepts—including those related to Polyol‐Pentane
pumps, tank station design, ventilation system, gas sensors, leakage control systems, safety features,
etc. He then explained the pentane process and provided relevant technical information.
DISCUSSIONS/Q&A
During the question and answer period, the following points were raised or clarified:
 One participant asked about reported corrosion problem associated with methyl formate and
whether this agent is suitable for domestic refrigeration.
o Mr. Murphy responded by saying that there is no corrosion problem, nor is there a need to
use stainless steel equipment. He said that corrosion problems were identified only once,
when the customer overheated his pump. Further, he noted that Ecomate does not require
additional transportation safety requirements, and its electrical conductivity is higher than
water, so it can be handled without using straps and the like. He noted that due diligence is
of course required. Ecomate is suitable for use in domestic refrigeration, although inroads
have not yet been made into that market.
 One participant asked if alternatives still require further evaluation, or whether the transition away
from HCFCs can be decided.
o Mr. Tay replied that there is no single clear alternative; rather, the appropriate alternative
will depend on specific sectors and will vary by SME. He noted that many of the low GWP
alternatives are not readily available yet.
o In India, UNDP is working on a strategy for SMEs, although much work is still needed.
o Ms. Walter‐Terrinoni added that many countries are implementing a two‐phased approach
for their HCFCs phaseout in the foams sectors; e.g., first replacing HCFCs in domestic
refrigeration with HCs and addressing the more difficult applications later. She also
recommended looking at the Foams Technical Options Committee (FTOC) reports for
information on the best alternatives by application.
 When asked if there are any concerns with supply of alternatives and if they are available in ASEAN
countries:
o Mr. Williams said that Honeywell intends to have global availability of their next generation
products once they are commercialized; he explained that, although production sites
haven’t been disclosed, Honeywell intents to make it available globally, wherever there is
demand.
o Mr. Murphy said that Ecomate is available in China and India.
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When asked if new blowing agents will be commercially available in Latin America and at what price
per kg:
o Mr. Williams replied that Solstice is already available globally, and that the liquid blowing
agent will be available sometime next year (only developmental quantities are available
now). Honeywell is working on registration worldwide. Regarding costs, he said that needs
to be discussed on an individual basis.
o Mr. Ritter added that Arkema intends to make its alternatives available in 2014.
When asked if Ecomate can be used to replace methyl chloride in the flexible foam sector:
o Mr. Murphy replied that yes, it can be used in this subsector, and that it is already being
used in this application in the United States and Brazil.
One participant asked whether the alternatives will be available in time for the Article 5 transition
away from HCFCs and about their costs.
o Ms. Walter‐Terrinoni said that many Article 5 countries will transition to HCs and water
whenever possible, as these alternatives are cheaper than fluorinated compounds; as for
the other alternatives, every effort will be made to make sufficient supply available.
Conversely, the fluorinated alternatives will be used during Phase II of HPMPs—such as for
spray foams, where non‐flammable solutions are key, and for domestic refrigeration with
improved energy efficiency. Regarding costs, she said it is difficult to estimate but that the
fluorinated compounds are more costly to produce. She suggested seeing the FTOC report
for more information about estimated prices and timing for commercial availability by
alternative.
o Mr. Williams added that that the foams market will be fragmented, with Honeywell’s
products expected to be adopted where high performance and/or non‐flammable blowing
agents are required, and other options being adopted elsewhere. He also noted that
mixtures/blends will be adopted.
o Moderator Dave Stirpe explained that publicly available information on prices can be noted.
Otherwise, competitors needed to refrain from discussing prices in this forum. However,
pricing can be discussed by individual producers and manufacturers privately.
One participant asked if it makes sense to look for a single solution or if multiple solutions isn’t
better – allowing countries and companies to then make choices
o Mr. Arora replied by saying that the selection of alternatives is indeed a very significant
concern for SMEs due to a number of important considerations, such as energy,
environment, insulation value, cost, etc. For the first phase of HPMPs, when countries are
dealing with the largest producers, this won’t be a problem; however, it will become an
issue in Phase II. He emphasized that there is no single alternative, and that in India,
demonstration projects are key.
o Mr. Murphy added that Ecomate uses many different types of polyols and that blowing
agents will be blended in the future to take the best properties from each compound; this
will allow SMEs to do what the large producers do.
When asked about the feedstocks and the use of HFOs, and whether there is a need to keep
producing such feedstocks; Mr. Stirpe responded that producers must talk about this offline, due to
competitiveness issues. One participant asked about the long‐term insulation efficiency of the
alternatives and whether the degradation of products have been compared over the life of products
to test how they perform over a 10‐15 year period.
o Mr. Williams answered that Honeywell has not had sufficient time to completely test the
new blowing agents” Testing has been done, and is not yet complete.; however, they do
have foam aging data that goes back to 2008, and based on those tests, the aging rate is
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about the same as existing HFCs and pentane. Therefore, there is not a significant
difference in the rate of aging of the fluorinated alternatives.
Mr. Murphy added that for Ecomate, the aging seen so far is in line with HC and HFC‐245fa
materials. Aging is an important consideration but it’s not an issue.

SESSION V: STATIONARY AIR CONDITIONING moderated by Nandan Chirmulay, UNDP
Alternative Refrigerant R‐32 in Air Conditioning; Mark Stanga, DAIKIN Industries, Ltd., Japan
Daikin’s evaluation and roll‐out plan for its next generation of residential and commercial AC systems is
underway and is based on R‐32. R‐32 is slightly flammable (class 2L, same as HFO‐1234yf and ammonia)
but can be used safely. Moreover, because its GWP is much lower than the refrigerants used in AC
equipment today and because its charge ratio is 70% of HCFC‐22, its effective GWP is 75% of R‐410A. R‐
32 is more efficient than R‐22, R‐410A, and R‐1234yf (with only a 2% efficiency loss under high ambient
temperatures), which makes this refrigerant the most favorable based on LCCP analysis. Further, R‐32
has increased performance, with greater potential refrigeration capacity than R‐410A and the potential
to downsize equipment (i.e., compressor, pipes, etc.) by up to 15%‐‐which will result in the use of less
materials and greater cost‐effectiveness. The market barriers at play relate to distribution, service
infrastructure, and local regulations. These barriers will be overcome through the product launch in
India. Daikin is releasing the basic patent for operating R‐32 AC systems in developing countries (without
a royalty fee), and has already done so in China. In 2013, Daikin will be selling R‐32 units in Japan and
India. The Stage I HPMPs for Algeria, China, Thailand, and Indonesia also include transition to R‐32 AC
systems.
Alternatives for New Stationary Air Conditioning Equipment; William F. McQuade, Johnson Controls,
Inc., United States
It is important to assess both direct and indirect impacts of alternatives and reviewing the multiple
tradeoffs that equipment manufacturers must consider when selecting alternatives. While GWP should
always be minimized, he noted that some applications may require GWP gains in order to provide a
margin of safety or improve energy efficiency—and in such cases, it is best to focus on end‐of‐life
practices to minimize emissions than to use an alternative with a lower GWP. There is a need for
regulatory flexibility for manufacturers to choose what alternatives are best. In terms of future trends,
air cooled HC chillers are starting to enter the EU market, and that most unitary and rooftop equipment
can tolerate mildly flammable refrigerants (e.g., HFO‐1234yf and HFC‐32) since they’re located outside,
but synthetic refrigerants (HFCs, HFO, and their blends) will serve an important role in larger AC systems
and other applications where efficiency and safety are a primary concern. Transition will take time, as
HFO‐based alternatives are just getting started on testing, and that while HFC‐32 is the most promising
option for high pressure AC applications, it will require safety code changes that will take time. Finally,
cost and availability will pace the adoption of low GWP alternatives.
Conversion from HCFC‐22 Technology to HFC‐32 Technology in the Manufacture of Small‐Sized
Commercial Air‐Source Chillers/Heat Pumps; Minyang Li, Tsinghua Tongfang, China
The Multilateral Fund funded a demonstration project on the conversion of HCFC‐22 to HFC‐32
technology in the manufacture of small‐sized commercial air‐source chillers/heat pumps in China. The
project involved for units that are 13 kW, 30 kW, and 60 kW cooling capacity with compressors provided
by Danfoss and Emerson. The project found that the R‐32 units resulted in a 40% charge size reduction
and energy efficiency gains of 15‐20% beyond the current HCFC‐22 based systems.
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Low GWP Refrigerants in Air‐Conditioning Systems; Rajan Rajendran, Emerson Climate Technologies,
United States
Emerson manufactures the full spectrum of refrigeration and AC equipment, including units with
ammonia, CO2, propane, and many types of HFCs. In selecting refrigerants, Emerson considers Life Cycle
Climate Performance (LCCP), safety, and total cost, and this leads to different solutions for different
applications and regions. Equipment and component manufacturers must be ready for the many types
of lower GWP refrigerant candidates that are becoming available, and that the AHRI study assessing
refrigerants (expected in December 2012) will be important in this regard. The presentation included an
overview comparison of the many refrigerant alternatives across different applications, explaining that
all are neutral to positive (except for CO2 in a basic stationary refrigeration system, which is negative).
The results of some compressor drop‐in tests; HFC‐32 tested in R‐410A compressors revealed that the
efficiency of R‐32 can exceed that of R‐410A; for unitary AC/heat pump systems, all new refrigerant
blends (like DR5 and L41) tested were found to be able to perform equal to or better than R‐410A with
similar LCCPs (once the equipment will be optimized). It is important to consider not just annual energy
consumption but also peak energy consumption for Asian countries, and that LCCP results can vary
greatly by region, based on the energy source used. Safety and building code standards are key and
cost/affordability will be the driver.
Hydrocarbons in Air‐Conditioners – The Godrej Experience; Dilip Rajadhyaksha, Godrej & Boyce Mfg.
Co. Ltd, India
This presentation covered Godrej’s experience with HC room air conditioners. The company
manufactures refrigerators, AC units, and washing machines. The R&D effort for R‐290 in HC units was
funded by GIZ and included drop‐in testing. Relative to HCFC‐22, these tests revealed lower cooling
capacity (by 6%), higher COP (by 14%), reduce power consumption (by about 18%), and reduced charge
(by 50% by weight, with an average charge of 575 grams). However, the main concern was charge size,
since it exceeded the maximum HC limits set by EN 378 of 361 g. While the company considered use of
smaller diameter condenser tubes, market availability was an issue; instead, the company opted for
micro channel heat exchangers, which reduced charge by 46%‐‐to an average of 360 g. He then
described the manufacturing project to set up the facility for an annual output of 180,000 split and
window AC units—including the safety measures used on the manufacturing line and in the product
itself, product installation and servicing programs, and risk analysis/mitigation.
Application of HC Refrigerant in Package Portable Room Air Conditioners and Dehumidifiers;
Stephanie Zheng, GREE Electric Appliances, Inc., China
This presentation concerned GREE’s experience with R‐290 in packaged portable room AC and
dehumidifiers by starting off with an overview of the company, which is the largest AC enterprise in
China. GREE’s portable AC unit, which has a 2.6 kW capacity and an R‐290 charge of 150 g, has improved
efficiency by 10% relative to R410A systems. The size and cost of the compressor is higher, but the cost
of the refrigerant is lower; as are the costs of other components, resulting in a reduction in net cost.
Similarly, the R‐290 dehumidifiers, which have charge sizes of 60‐70 g, also boast capacity and efficiency
improvements over HFC‐134a, although their overall cost is higher. GREE sees limited applicability of
HCs in wall mounted and split systems, due to safety concerns.
Lower GWP Refrigerant R‐32 for Air Conditioner; Akira Fujitaka, Panasonic, Japan
Panasonic’s selection of R‐32 in AC equipment is due to the refrigerants superior performance over
HCFC‐22 and improved LCCP. The worldwide demand of 80 million room AC units per year is growing
strongest in China and Asia, and R‐32 is the preferred option in developing countries since improving
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energy efficiency is so important. The NEDO project and the JRAIA Low Flammable Refrigerant
Evaluation Working Group in Japan is assessing risk during the lifetime of AC systems using mildly
flammable refrigerants and developing guideline accordingly. Panasonic will introduce R‐32 in
developing countries, and noted that safety infrastructure will be needed.
Research on Rotary Compressors Based on R‐290 Technology; Chen Zhenhua, Guangdong Meizhi
Compressor Ltd, China
The GMCC R&D Center’s research on rotary compressors is based on R‐290 technology. Specifically, it is
focused on the technical characteristics of the GMCC’s R‐290 rotary compressors and recommendations
for their application, noting that a higher superheat in R‐290 cycle system is highly recommended.
DISCUSSIONS/Q&A
During the question and answer period, the following points were raised or clarified:
 One participant asked about the efficiency of R‐290 in stationary air‐conditioners. Mr. Rajadhyaksha
replied that the use of natural refrigerants has resulted in significant improvement in COP.
 Another participant noted that the use of LCCP analysis is recommended by the speakers, but the
LCCP analyses reported on today have assumed leak rates of 1% to 4%, which is much lower than
actual leak rates we’ve seen in the field, which are about 10% for HFC air conditioning equipment,
regardless of equipment size and in spite of technician training. Likewise, he noted that the LCCP
analyses described in the stationary refrigeration sector during the previous day’s workshop should
be using leak rates of 15% to 20%. He asked why these low leak rates are being used, and reminded
people that, in addition to using realistic leak rates, consideration to different geographic regions is
also important in LCCP analyses.
o Dr. Rajendran said that 1‐2% was the leak rate used in chiller applications, which is realistic,
whereas 4%‐5% was used in residential AC applications; he added that if a 10% leak rate is
used, the results will be the same for countries that rely on fossil fuels.
o Mr. McQuade reiterated that 1‐2% was the leak rate used for chillers in developed countries
with good maintenance, which is supported by Johnson Controls’ data based on field service
organizations; however, actual leak rates will vary by equipment and country.
 One question concerned when commercial sales of R‐290 based stationary air‐conditioners are
expected.
o Mr. Rajadhyaksha replied that Godrej has already installed about 2,000 HC‐based AC units
for field testing.
o Ms. Yanqun added that GREE is currently marketing its HC portable AC and dehumidifiers in
preparation for product launches.
 One participant noted that it is apparent that breakthroughs in technologies have occurred and
asked if this information can be shared with manufacturers around the world so that they too may
apply these breakthroughs. He also asked how long it will be before HC AC units are available in the
United States.
o Mr. Rajadhyaksha replied that all of Godrej’s drop‐in tests were conducted with standard
components available in the market, not with their own technology per se.
o Ms. Yanqun added that that there is a need for apples to apples comparisons of products,
noting that GREE only has a 3‐speed product design available, which is different from many
other manufacturers.
 Another participant commented that the GWP values used in the LCCP analyses are based on the
100‐year GWPs, not the 20‐year GWPs, maintaining that the 20 year GWP values are more
appropriate in analyses given the short lifetimes of some the new fluorinated chemicals. He pointed
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out that the 20‐year GWP for R‐32 is 2,330. In addition, he asked what independent risk
assessments are being conducted on the new fluorinated chemicals.
o Mr. Stanga of Daikin responded by saying that R‐32 persists in the atmosphere longer and
this topic was discussed at the last Open Ended Working Group (OEWG) in August, where
the use of a 20‐year GWP was rejected; therefore, Daikin does not believe that using these
alternative GWP values is appropriate. Regarding the risk assessments, Mr. Stanga explained
that there are some ongoing in Japan, China, and by AHRI in the United States.
One question concerned how many R‐290 AC units have been sold by GREE. Ms. Yanqun replied
that 100 R‐290 AC units were sold to the Maldives last year and that GREE is now looking to identify
markets for their portables and dehumidifiers.
One participant asked Daikin about health and safety issues associated with R‐32 and whether the
units will be cheaper than current units available on the market.
o Mr. Stanga said that Daikin is making preparations to address the health and safety concerns
of R‐32 due to its mild flammability. He noted that Daikin understands this is a significant
issue so they are developing comprehensive training programs in India for 2013 and they
will be hosting seminars across the country for installation and servicing personnel. This
training will also lead to improved installation so there will be less leakage overall. Regarding
price, Mr. Stanga said he expects the units to be competitive once they are offered in 2013;
this will be possible given that the R‐32 equipment is smaller with relatively simple design.
o With regarding to advice on selecting alternatives, Dr. Rajendran added that there are many
different answers, and no silver bullet. He noted that the refrigeration/AC industry has
never had a single refrigerant and this will continue to be true into the future. Further, he
stated that because data are not completely available yet for all refrigerants, more time is
needed before they can all be evaluated across all applications—and that the AHRI study
will be very helpful in this regard.

SESSION VI: STANDARDS AND REGULATORY INITIATIVES moderated by Leslie Smith, Grenada
Uses of Flammable Refrigerants in HVAC/R Equipment; Bridge Xue, Underwriters Laboratories Inc.,
United States
The presentation included an overview of the different flammability designations in ASHRAE 34 and the
status of the UL Safety standards regarding the use of flammable refrigerants. Moving forward, key
challenges include:
 development standards for recovery/recycling equipment for flammable refrigerants (with UL 1963
revisions underway);
 revision of the 57 gram limit for HC household refrigerators
o standards for larger refrigeration systems (ASHRAE 15);
o other types of equipment, such as ice makers, ice cream makers, etc.;
 ammonia requirements; and
 potentially revising carbon dioxide pressure requirements.
The Progress of ODS Phase‐out in China Industrial and Commercial Refrigeration and Air‐Conditioning
(ICR) Industry; Zhaohui Zhang, China Refrigeration and Air‐Conditioning Industry Association (CRAA),
China
In China, the Stage I HPMP and demonstration projects to convert HCFC‐22 to HFC‐32 and ammonia/CO2
technologies created the need for new requirements on the design, manufacturing, transportation,
installation, servicing and use of new refrigerants and technologies. Within this context, the first stage of
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China’s HPMP includes plans to draft and update 15 national and industrial standards, including the
production and safety standards. Research is underway for R‐32 to support the establishment and
amendment of standards, and should be completed by June 2013.
European and International Safety Standards for Low GWP Refrigerants; Daniel Colbourne, GIZ,
Germany
This presentation gave an overview of some standards relevant to low‐GWP refrigerants and their
importance. The presenter stated that standards are seldom mandatory but rather are best practices
that are intended to provide a safety net. Key standardization bodies include ISO (international), IEC
(international), CEN (European), and CENELEC (European). All standardization bodies are independent,
self‐standing entities, although there is some coordination among organizations. Those for RAC safety
standards vary more often among different refrigerants. For example, there is a maximum amount of
refrigerant permissible in occupied space: there is no limit for CO2 or R22 because they are non‐
flammable; however, for others, it ranges from 1‐ 25 kg. There is ongoing development for the future
and some are subject to commercial biases and that standards are becoming more complex as new
alternatives emerge. This causes the complexity of the standards to increase and makes some fear that
the standards will become less accessible and more difficult to understand.
Opportunities of Standards & Regulations Covering Natural Refrigerants; Marc Chasserot, Shecco,
Belgium
This presentation covered opportunities to cover natural refrigerants in standards and regulations
discussing the example of Australia’s recent carbon pricing tax for the synthetic gases in the UNFCCC’s
basket of gases and Denmark and the EU decisions to authorize the continuation of a ban on HFCs. The
presentation highlighted the recent decisions in the United States under EPA’s SNAP program on HCs in
domestic refrigeration and plug‐in commercial refrigeration units. It also noted China’s changes to their
safety standard for flammable refrigerants to allow R‐290 to be sold and that China is also expected to
release another standard for cold storage for ammonia in 2012. The presentation suggests the need for
global cooperation between standard setting bodies and highlighted the time it takes to approve new
refrigerants under the SNAP and the lack of a timeline under the EU. The presentation concludes by
stating that there is a need for timelines that are certain or else BAU activities will continue so
companies know if natural refrigerants can be taken up by market.
SESSION VII: CIVIL SOCIETY, GOVERNMENT AND CORPORATE COMMITMENTS moderated by Abdul‐
Karzeem Bayero of Nigeria
Climate and Clean Air Coalition to Reduce Short‐Lived Climate Pollutants; John Thompson, U.S.
Department of State, United States
The Climate and Clean Air Coalition on Short‐Lived Climate Pollutants (CCAC) is a new, voluntary
partnership. The science is not new; UNEP and U.S. EPA have historically prepared studies on methane,
black carbon and HFCs. U.S. EPA promotes low‐GWP alternatives and the Global Methane Initiative has
been in place over the last decade. Over the past few years, countries have explored cooperating to
address specific short‐lived climate pollutants. For example, in Mexico City a Ministerial meeting took
place in September 2011. CCAC was launched in February 2012 in Washington, DC and the coalition’s
first ministerial meeting was in Stockholm in April 2012. The focus areas of the coalition include
methane, black carbon, and HFCs and the partners agree to several initial focal areas. For HFCs, the work
will consider ways to spur technology innovation and consider modernizing standards through capacity
building (e.g., this conference); demonstration projects; and other areas the partners agree to. Some key
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sectors may include MVACs, commercial refrigeration and foams. This is a voluntary approach to bring
governments, industry and civil society together. It is separate from the Montreal Protocol and UNFCCC.
I’d like to teach the world to sing… about natural refrigeration! Bryan Jacob, The Coca‐Cola Company,
United States
Coca‐Cola is committed to adopting natural refrigerants in its equipment, putting their efforts in context
with broader industry efforts under Refrigerants, Naturally! and the Consumer Goods Forum (CGF). The
company purchased 266,000 new non‐HFC units last year, representing 24% of their new units; by 2015,
100% of their new units will be non‐HFC. The presentation included a video highlighting the company’s
climate‐friendly refrigerant initiatives, which states that 540,000 non‐HFC Coca‐Cola refrigeration units
were in use globally as of the end of 2011. The non‐HFC systems are cost‐effective and efficient, and the
company’s recent SNAP application for CO2 vending machines received a positive preliminary
determination.
Environmental NGOs Welcome Control of HFCs under the Montreal Protocol; David Doniger, Natural
Resources Defense Council, United States
This presentation gave Natural Resources Defense Council’s (NRDC’s) perspective on opportunities to
protect ozone and climate, noting that the greenhouse gas reductions achieved through the Montreal
Protocol were 10 to 11 times greater than those achieved under the Kyoto Protocol in 2010. In thinking
about the low‐GWP alternatives for HCFCs, one analogy is of a cancer patient’s treatment options; there
are many options available, but the right treatment will vary by type of cancer and the specific needs of
each patient. NRDC believes that the HFC phasedown should be handled under the Montreal Protocol,
arguing that “we created the problem, so we should solve it.” This position was agreed on at Rio +20,
where it was acknowledged that there should be an HFC consumption and production phasedown and
that the Montreal Protocol has the tools to best deal with it. Further, developed countries must lead on
the transition to low‐GWP alternatives, and there is a need for flexibility—by setting a limit on GWP that
declines over time. If we don’t act together through the Montreal Protocol, there will be fragmentation.
We know more about HFC alternatives now than we did about CFC alternatives 20 years ago; we don’t
need perfect knowledge of where we’re going, just an outline of the solution.
DISCUSSIONS/Q&A
During the question and answer period, the following points were raised or clarified:
 One participant commented that it is difficult to develop a simple standard for refrigerants but that
we first need to cut subsidies to non‐clean technologies; beyond that, we can support a standard
once new alternatives are available. Further, he maintained that we need to know the costs of the
substances, technologies, and ultimately, the cost of servicing and installation. In addition, he asked
if Coca Cola is promoting the recovery and destruction of its old equipment.
o Mr. Jacob replied by saying yes, refrigerant recovery infrastructure is in place.
o Mr. Chasserot responded by saying that standards are very time consuming to develop, but
suggested that they meet with experts to help Mexico on these issues and to impart best
practices.
 Noting a preponderance of vested interest on standards committee, one participant asked what the
consequences of charge size limits on the use of HCs in equipment.
o Dr. Colbourne responded that standards tend to lag behind technical development, but said
that much research and development (R&D) has recently been underway on HCs, such as
that conducted by Godrej, which has produced good results. As these studies continue,
more reasonable requirements can be incorporated into standards.
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Mr. Chasserot added that the individuals who participate in standards bodies largely include
those who produce equipment using fluorinated refrigerants so there is a need for those
involved in the natural refrigerants industry to get involved and join the process.
One participant asked that if natural refrigerants are available for the Middle East where ambient
temperatures are high and how can countries can join the CCAC. He also asked Coca Cola if there is
an international standard for the terminology they use—i.e., footprint, handprint, and blueprint.
o Mr. Chasserot responded by suggesting that Shecco host an event in the Middle East on this
topic of alternatives available for high ambient temperatures.
o Mr. Jacob said that the World Resources Institute (WRI) and the World Business Council for
Sustainable Development (WBCSD) have protocols for measuring “footprints” based on
carbon lifecycles for products, but there are no standards for the other terms.
o Finally, regarding the joining of CCAC, Mr. Thompson explained that a high level letter sent
to UNEP is needed to demonstrate countries’ commitment and agreed to follow up off line.
Countries may choose which focal areas they would like to engage in.
o



WRAP UP AND THANKS
Cindy Newberg of the US EPA thanked all workshop partners: The Alliance for Responsible Atmospheric
Policy, UNDP, UNEP, the European Commission, the Climate and Clean Air Coalition and her own
Government of the United States; as well as speakers, moderators, exhibitors, organizers, and
participants. She said that much useful information had been exchanged on alternatives, lessons
learned, and other key topics that we will consider in moving forward in the transition to low‐GWP
alternatives. Referring back to a moderator’s remark when he opened the first session, she noted first
we do the welcoming, then the speaking, then the thanking, and follow with the thinking. It was her
pleasure to do the thanking, and now it is time for us all to do the thinking.
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