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UPDATE ON THE HFC PHASE-DOWN IN MOBILE AIR CONDITIONING
GLOBAL AUTOMAKERS MOVING TO HFO-1234YF,
EXCEPT SOME GERMAN AUTOMAKERS WAITING FOR CO, SYSTEMS
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BACKGROUND ON HFCs IN THE MOBILE AIR CONDITIONING (MAC) SECTOR

From the introduction of the first mobile air conditioner in 1939 until about 1955, air conditioning used a variety of
refrigerants, including hydrochlorofluorocarbon (HCFC)-22, chlorofluorocarbon (CFC)-11, and CFC-12; but from
about 1955 until 1990 all MACs worldwide used CFC-12 (Andersen et al., 2013; Zaelke et al, 2012).

In 1974, Mario Molina and F. Sherwood Rowland warned that CFCs could destroy the stratospheric ozone layer that
protects Earth from harmful ultraviolet radiation (Molina & Rowland, 1974). One year later, Dr. Veerabhadran
Ramanathan confirmed that CFCs are also powerful greenhouse gases, adding significantly to the scientific
justification to control CFCs (Ramanathan, 1974). In the decade after, scientists confirmed the ozone science and
guantified the adverse effects, which motivated the public and policymakers to take action. In 1987, 24 nations plus the
European Community signed the Montreal Protocol. The Montreal Protocol now has universal membership with all
UN countries participating as Parties.

HFC-134a is an ozone-safe refrigerant with a global warming potential (GWP) of 1430, which is considerably lower
than the GWP of 10,900 for the CFC-12 refrigerant it replaced. It was identified around 1930 by the same General
Motors research team that invented CFCs, but was not commercialized at the time because it was more expensive and
because the impacts on stratospheric ozone depletion and climate change were not anticipated. In response to the
Molina & Rowland and Ramanathan warnings, Harrison Radiator and Allied Chemicals evaluated HFC-134a in 1977
and tested a MAC system in a wind tunnel in 1978. After the Montreal Protocol was signed, the automobile industry
moved quickly to select HFC-134a in 1990. The transition from CFC-12 to HFC-134a was completed quickly in
developed countries by about 1994 and in developing countries in 2003 (Andersen et al., 2013b).

MAC CONTRIBUTION TO GLOBAL HFC EMISSIONS

Today, HFC-134a emissions from MACs account for about 30% to 50% of GWP-weighted HFC emissions, and such
emissions are growing rapidly as increasing incomes in developing countries make automobile ownership possible
(CEEW et al., 2013). MACs consume between 3% of motor fuel in mild climates with little air conditioning for either
comfort or demisting and up to 20% in India and other countries with long, hot and humid air conditioning seasons and
traffic congestion (CEEW et al., 2013; Chaney et al., 2007; Rugh et al., 2004).

Many governments have proposed amending the Montreal Protocol to phase-down the HFCs that replaced ODSs and
replacing them with chemicals that have low global warming potentials (GWP) and are energy efficient. Phasing-
down HFCs under the Montreal Protocol would reduce HFC production and consumption 85-90%, providing climate
mitigation of 87-146 Gt CO»-eq. by 2050 (Velders et al., 2009; Molina et al., 2009; Velders et al., 2012; Zaelke et al.,
2012). Phasing down HFCs could avoid between 0.35°C and 0.5°C of warming and 13% of projected sea-level rise by
2100 (Xu et al., 2013; Hu et al., 2013). A significant portion of the climate benefits—30 to 50%— would result from
transition to a low GWP MAC refrigerant.

AVAILABILITY OF LOWER-IMPACT REFRIGERANTS FOR INDIAN MACS

Currently, nearly all automobile air conditioners produced or marketed in India use HFC-134a, which has a GWP of
1430 (Andersen et al., 2013b, CEEW et al., 2013; Chaney et al., 2007). However, there are three viable refrigerant
options to replace HFC-134a in automobiles: HFO-1234yf, HFC-152a, and CO, (CEEW et al., 2013; Andersen et al.,
2013). Two companies with a significant presence in India—TATA Motors and Maruti Suzuki—have designed
prototype HFO-1234yf systems for the vehicles they intend to export to Europe, but could also be marketed to
domestic consumers (CEEW et al., 2013). At least one system supplier is offering Indian automakers designs that can
be charged with HFC-134a today, but are “HFO-1234yf-ready” on very short notice for vehicles exported to the
European Union (CEEW et al., 2013).




The first European, Japanese, and North American vehicles with HFO-1234yf refrigerant have entered the global
market, including Cadillac, Chrysler, Dodge, Honda, Hyundai, Jeep, Kia, Lexus, Maserati, Mazda, Mitsubishi, Toyota,
and Subaru (Andersen, 2014, 2013a, 2013b.) Daimler introduced HFO-1234yf in Europe and North America, but later
announced that their engineers were unable to safely use this slightly flammable refrigerant and recalled and retrofitted
these cars to HFC-134a. Audi, Daimler, Porsche and Volkswagen have announced an intention to commercialize
MACs with CO; refrigerant but no timetable has been announced.

MAXIMIZING ENERGY EFFICIENCY GAINS WHEN TRANSITIONING TO NEW MAC REFRIGERANTS

Projects supported by both the United States (U.S.) EPA and the global automobile and air conditioning industries
have demonstrated technical options to increase energy efficiency of typical HFC-134a MACs by 30% or more
compared with standard HFC-134a systems. These energy efficiency design options can be applied to both HFO-
1234yf and HFC-152a MACs (US EPA, 2014 and Rugh, 2005)). In India’s hot and humid climate, operation of vehicle
air conditioners can account for up to 20% of fuel consumption, compared to about 3.2% in Europe, 3.5% in Japan,
and 5.5% in the U.S. Consequently, a 30 percentage improvement in air conditioners’ fuel consumption produces a
greater savings in India than in these other regions (US EPA, 2014).

REFERENCES

e Andersen, Stephen O. (2014). Media Reports of Market Penetration of HFO-1234yf in Mobile Air Conditioning (MACS),
Briefing to the California Air Resources Board (ARB), January 2014.

e Andersen, Stephen O., James Baker, Timothy Craig, and Sangeet Hari Kapoor, (2013). The New Business Case for Secondary
Loop Mobile AC Systems, 5th European Workshop on Mobile Air Conditioning and Vehicle Thermal Systems, Associazione
Tecnica Dell” Automobile (ATA), 5 December 2013.

e Andersen, Stephen O., Marcel L. Halberstadt, & Nathan Borgford-Parnell (2013b). Stratospheric ozone, Global Warming, and
the Principle of Unintended Consequences — An Ongoing Science and Policy Success Story, AIR & WASTE MANAGEMENT
ASSOCIATION 63(6).

e Chaney, Larry, Karen Thundiyil, Stephen. O. Andersen, Sridar Chidambaram, & Yash P. Abbi (2007). India Fuel Savings and
Emission Reductions from Next-Generation Mobile Air Conditioning Technology in India, U.S. Department of Energy
National Renewable Energy Laboratory: http://www.nrel.gov/docs/fy070sti/41154.pdf, accessed 6 February 2014.

e Council on Energy, Environment & Water (CEEW), Institute for Governance & Sustainable Development (IGSD), Natural
Resources Defense Council (NRDC), and The Energy and Resources Institute (TERI), in cooperation with the Confederation
of Indian Industry (2013). Authors: Stephen O. Andersen, P. Sridhar Chidambaram, Bhaskar Deol, David Doniger, Arunabha
Ghosh, Anjali Jaiswal, Rajeev Palakshappa, Jake Schmidt, and Girish Sethi, Cooling India with Less Warming: The Business
Case for Phasing Down HFCs in Room and Vehicle Air Conditioners.

e Hu, Aixue, Yangyang Xu, Claudia Tebaldi, Warren M. Washington, & Veerabhadran Ramanathan (2013). Mitigation of
short-lived climate pollutants slows sea-level rise, NATURE CLIMATE CHANGE 3:730-734.

e Molina, Mario J, and F. Sherwood Rowland (1974). Stratospheric Sink for Chlorofluoromethanes: Chlorine Atom-Catalyzed
Destruction of Ozone. NATURE 249(5460): 810-12.

e Ramanathan, Veerabhadran (1975). Greenhouse Effect Due to Chlorofluorocarbons: Climatic Implications, SCIENCE 190:50—
52.

¢ Rugh, John, Valarie Hovland, & Stephen O. Andersen (2004). Significant Fuel Savings and Emission Reductions by
Improving Vehicle Air Conditioning, Presentation at the 15th Annual Earth Technologies Forum and Mobile Air Conditioning
Summit, Washington, DC, April 15: http://www.nrel.gov/vehiclesandfuels/ancillary loads/pdfs/etf_ac_fuel use.pdf, accessed
6 February 2014.

e Rugh, John, (2005). SAE Improved Mobile Air Conditioning Cooperative Research Program: Improved HFC-134a
Refrigerant Systems, Presentation at the Mobile Air Conditioning Summit, Sacramento CA, 15-16 March:
http://www.nrel.gov/vehiclesandfuels/ancillary loads/pdfs/mac_2005.pdf, accessed 6 February 2014.

e United States Environmental Protection Agency (US EPA, 2014). Climate Protection Partnerships: Mobile Air Conditioning
(accessed 6 February 2014).

e Velders, Guus J. M., David W. Fahey, John S. Daniel, Mack McFarland, & Stephen O. Andersen (2009). The Large
Contribution of Projected HFC Emissions to Future Climate Forcing, PROCEEDINGS OF THE NATIONAL ACADEMY OF
SCIENCES OF THE UNITED STATES OF AMERICA USA 106:10949-54.

e Velders, Guus J. M., Akkihebbal R. Ravishankara, Melanie K. Miller, Mario J. Molina, Joseph Alcamo, John S. Daniel, David
W. Fahey, Stephen A. Montzka, & Stefan Reimann (2012) Preserving Montreal Protocol Climate Benefits by Limiting HFCs,
SCIENCE 335(6071):922-23.

e Xu, Yangyang, Durwood Zaelke, Guss J. M. Velders, & Veerabhadran Ramanathan (2013). The role of HFCs in Mitigating
21* Century Climate Change, ATMOS. CHEM. PHYS. 13:6083-6089.

e Zaelke, Durwood, Stephen O. Andersen, & Nathan Borgford-Parnell (2012). Strengthening ambition for Climate Mitigation:
The Role of the Montreal Protocol in Reducing Short-Lived Climate Pollutants, REVIEW OF EUROPEAN COMMUNITY AND
INTERNATIONAL ENVIRONMENTAL LAW 21(3):231-42.

March 2014


http://www.tandfonline.com/doi/abs/10.1080/10962247.2013.791349?journalCode=uawm20#.UctY9ztwr1E
http://www.tandfonline.com/doi/abs/10.1080/10962247.2013.791349?journalCode=uawm20#.UctY9ztwr1E
http://www.nrel.gov/docs/fy07osti/41154.pdf
https://www.google.com.co/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CDEQFjAA&url=http%3A%2F%2Fwww.igsd.org%2Fdocuments%2Fair-conditioner-efficiency-IP.pdf&ei=AjroUoGZE9SosAS_r4D4Aw&usg=AFQjCNGsgjV6ja4WP4ABs0gsGNKkMKnKDw&sig2=NfVarPlKPg5AceaYDUR04w&bvm=bv.60157871,d.cWc
https://www.google.com.co/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CDEQFjAA&url=http%3A%2F%2Fwww.igsd.org%2Fdocuments%2Fair-conditioner-efficiency-IP.pdf&ei=AjroUoGZE9SosAS_r4D4Aw&usg=AFQjCNGsgjV6ja4WP4ABs0gsGNKkMKnKDw&sig2=NfVarPlKPg5AceaYDUR04w&bvm=bv.60157871,d.cWc
http://www.nature.com/nclimate/journal/v3/n8/full/nclimate1869.html
http://www.nature.com/nclimate/journal/v3/n8/full/nclimate1869.html
http://www.sciencemag.org/content/190/4209/50.extract
http://www.nrel.gov/vehiclesandfuels/ancillary_loads/pdfs/etf_ac_fuel_use.pdf
http://www.nrel.gov/vehiclesandfuels/ancillary_loads/pdfs/mac_2005.pdf
http://www.epa.gov/cppd/mac/
https://www.google.com.co/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&ved=0CEUQFjAD&url=http%3A%2F%2Fozone.unep.org%2FPublications%2FThe_Large_Contribution.pdf&ei=VjroUoLlNMrlsAST6YCQAg&usg=AFQjCNHn4Bran7c1IwuQF8Tc31JL1Kz7WQ&sig2=EgwNVqSuSJuPg-mt9u4N1A&bvm=bv.60157871,d.cWc
https://www.google.com.co/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&ved=0CEUQFjAD&url=http%3A%2F%2Fozone.unep.org%2FPublications%2FThe_Large_Contribution.pdf&ei=VjroUoLlNMrlsAST6YCQAg&usg=AFQjCNHn4Bran7c1IwuQF8Tc31JL1Kz7WQ&sig2=EgwNVqSuSJuPg-mt9u4N1A&bvm=bv.60157871,d.cWc
https://www.google.com.co/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&ved=0CC8QFjAB&url=http%3A%2F%2Fwww.sciencemag.org%2Fcontent%2F335%2F6071%2F922&ei=cTroUqeZMuLjsATQ7IK4CA&usg=AFQjCNFAef8Y66xLjfkochar0_vAgFv5UA&sig2=wHXWlD-gRUAv3h-56WbgnQ&bvm=bv.60157871,d.cWc
http://www.atmos-chem-phys.net/13/6083/2013/acp-13-6083-2013.html
http://www.atmos-chem-phys.net/13/6083/2013/acp-13-6083-2013.html
http://onlinelibrary.wiley.com/doi/10.1111/reel.12010/full
http://onlinelibrary.wiley.com/doi/10.1111/reel.12010/full

