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COOLING INDIA WITH LESS WARMING
Highlighted Resources and Briefing Materials for a Global HFC Phasedown under the Montreal Protocol

Countries around the world are working towards a global
agreement under Montreal Protocol to phase down
hydrofluorocarbons (HFCs) – super-potent greenhouse gases.
All countries now support a global agreement. Developed
nations have also promised financial to support market
transitions. Building on the momentum of constructive
discussions since 2014, countries are working in good-faith
to achieve a strong amendment that fosters economic growth
while protecting the planet from the worst impact of climate
change.
HFCs – used mostly in air conditioning and refrigeration,
for making insulating foams, and in some aerosol products
– pack thousands of times the heat-trapping punch of
carbon dioxide. Though accounting for only 1-2 percent
of total warming now, HFCs are the fastest growing
climate pollutants because of the skyrocketing demand
for air conditioning in developing markets. According to

research by world-renowned scientists, HFCs could raise
global temperatures by as much as 0.5˚C by 2100 if growth
continues on its current course.
Addressing HFCs under Montreal Protocol is essential to
protecting the planet from climate change, and would work
toward global efforts to meet the 1.5˚C target in the Paris
Agreement. Early action on HFCs—phasing down their use
and replacing them with safer alternatives— is especially
crucial considering the devastating impacts of climate
change on vulnerable communities from massive flooding to
deadly heat waves in India and other nations.
In advance of the Montreal Protocol meetings, this fact
sheet provides key resources for the discussions. It provides
summaries and links to highlighted analysis, research papers,
issue briefs, factsheets and recent blog posts.

Business Case Analysis
Cooling India with Less Warming: The Business Case for Phasing Down HFCs in Room and
Vehicle Air Conditioners
https://www.nrdc.org/sites/default/files/air-conditioner-efficiency-IP.pdf
India’s rapid expansion in room and vehicle air
conditioning could strain the country’s electric
grid, require increased fuel import, and magnify
impacts of global warming as a consequence of
carbon dioxide and refrigerant greenhouse gas
emissions. Indian companies can turn impending
challenges into business advantages and national
opportunities while reducing climate change,
improving air quality, and making air conditioning
in India more energy efficient and cheaper to
operate.

This issue brief highlights the economic case for
Indian industry to “leapfrog” and phase down the
use HFCs. Indian room AC industry is phasing
out HCFCs and simultaneously upgrading energy
efficiency. Appliance manufacturers are currently
considering switching to R-410A, R-32 or R-290,
of which R-410A has the highest global warming
potential. Indian mobile ACs currently uses HFC134a, and an amendment will pave the way for
transition to HFO-1234yf. Indian automobile
manufacturers indicate their readiness to be able to
switch to low-GWP alternatives, but are looking for
lower long-term cost of supply of refrigerants.

Frequently Asked Questions: The Business Case for Phasing Down HFCs
https://www.nrdc.org/sites/default/files/air-conditioner-efficiency-FS.pdf
Markets around the world are shifting away from
potent heat-trapping HFCs with high global
warming potential (GWP) toward more climatefriendly alternatives such as the hydrocarbon
(HC), HC-290, and the hydrofluorocarbon (HFC),
HFC-32. Indian companies have an opportunity
to start adopting these more sustainable
alternatives now with financing from the Montreal
Protocol Multilateral Fund, avoid higher costs
of transitioning later and gain greater access to
domestic and foreign markets that are moving away
from high-GWP HFCs.

This factsheet seeks to answer the key most
frequently asked questions in making the business
case for Indian companies to phase down the use
of high GWP HFCs. The frequently asked questions
(FAQs) are based on several business, government,
and civil society discussions in India on an HFC
phase-down and their alternatives for room and
vehicle air conditioners. Shifting to lower-GWP
alternatives from high-GWP HFCs is an opportunity
to save energy through improved efficiency, reduce
emissions, and stay competitive with international
market trends, while potentially having the costs of
transition covered by the Multilateral Fund of the
Montreal Protocol.

Policy Analysis
Reducing Stress on India’s Energy Grid: The Power Sector Benefits of Transitioning to EnergyEfficient Lower Global Warming Potential Refrigerants in Room Air Conditioners
https://www.nrdc.org/sites/default/files/india-energy-grid-alternative-refrigerants-IB.pdf
India is one of the fastest growing major economies
in the world. Given the rising middle class and
increasing temperatures in an already hot and
humid climate, the commercial and residential
sectors are expanding the use of room air
conditioning (AC) units. This expansion stresses
the electricity grid and power sector, particularly
during peak hours for electricity demand. Energy
efficiency is also a low cost way to achieve the Modi
government’s goals to increase access.
A switch to lower-GWP room ACs with additional
energy efficiency improvements could offer an

immediate savings of up to 15%, contributing
to reductions of 31-38% in the global warming
footprint of India’s room AC sector. Studies
estimate that energy consumption from room ACs
in emerging economies, such as India, could be
significantly and cost effectively improved by up to
40% by enhancing efficiency. Making the switch to
more energy-efficient lower-GWP refrigerants could
help India realize energy savings in the amount
of 60 GW at peak demand by 2030, potentially
avoiding the construction of more than 100 midsized coal-fired power plants.

Amending the Montreal Protocol: Summary of Amendment Proposals
http://conf.montreal-protocol.org/meeting/oewg/oewg-35/pubs/Observer%20Publications/NRDC%20-%20Amending%20the%20
Montreal%20Protocol%20Lowres.pdf
Draft Discussion Paper

April 2015

AMENDING THE
MONTREAL PROTOCOL
SUMMARY OF AMENDMENT PROPOSALS AND
DISCUSSION OF KEY COMPONENTS TO PHASING DOWN HFCs
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The Montreal Protocol on Substances that Deplete
the Ozone Layer (Montreal Protocol) is a highly
eff ective treaty that can assist major emerging
economies such as India, China, Thailand and
Indonesia in transitioning to ozone safe, low global
warming potential, energy efficient alternatives to
HFCs. Amending the Montreal Protocol to include
a phase down of HFC emissions will benefit the
planet as well as the countries that produce and
consume products that use HFCs—this includes
the Protocol’s Article 5 Parties such as India, China,
Thailand, and others. Amending the Protocol
now would have the benefit of aligning a phase
down of HFCs with the accelerated phase out of
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hydrochlorofluorocarbons (HCFCs) currently
underway.
This paper discusses key aspects of proposed
amendments for phasing down HFCs under the
Montreal Protocol, including the North American
proposal, Micronesian proposal, and the European
Union discussion paper. It also discusses key
features that could be included in a proposal to
phase down HFCs under the Montreal Protocol,
including control measures, grace periods, financial
assistance from the Multilateral Fund, intellectual
property rights, and safety.
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Industry Analysis
Air Conditioners with Hydrocarbon Refrigerant: Saving Energy While Saving Money
http://ceew.in/pdf/ceew-nrdc-godrej-profile-5nov14.pdf
Air Conditioners with Hydrocarbon Refrigerant – Saving Energy while
Saving Money
A Profile of Energy-Efficient Propane (HC-290) Based Room Air Conditioners by Godrej &
Boyce
As living standards rise for tens of millions in
India, use of room air conditioners (ACs) is
rapidly growing, straining India’s electric grid.1
Because of their significant energy use as well
the climate-forcing effects of the refrigerants
used, today’s air conditioning units also
contribute to increasing greenhouse gas
pollution.2 Choices made by Indian consumers,
companies, and government authorities will
determine whether India can turn the challenge
posed by rapid growth in use of room air
conditioners into a business and environmental
opportunity. As India phases out ozonedepleting hydrochlorofluorocarbons (HCFCs) to
comply with the international Montreal Protocol
treaty, could replace high global warming
potential (GWP) refrigerants with climatefriendly refrigerants which can contribute to
reductions in India’s increasing energy demand
and combat climate change.

Figure 1: Godrej Hydrocarbon Air Conditioner

The R-290 models are price competitive with
other ACs of similar efficiency whether they use
R-410A or R-32, which are the two other
refrigerants that are scheduled to replace the
ozone-depleting R-22 refrigerant being phasedout in India. Company representatives report
that since the 1- and 1.5-tonne R-290 based air
conditioners were launched in the Indian
market, Godrej has sold over 100,000 units of
this AC. The company also reports that its
manufacturing facility near Pune in India can
produce 180,000 R-290 based ACs per year.3
Meanwhile, Chinese manufacturers are also
moving to R-290 based air-conditioners with the
support of the Chinese government.4

Commercially Viable Technology
One innovative approach that is rising to the
challenge is using a commonly available
hydrocarbon – propane (hydrocarbon 290, HC290, or R-290) – as the refrigerant. The
standard-bearer for this approach in India is
Godrej & Boyce, the Indian appliance
manufacturer which developed the R-290 AC
for India. The R-290 AC makes the case that
ACs in the Indian market can be built using
climate friendly refrigerant alternatives that
protect the ozone layer, and at the same time
make air conditioning more energy efficient and
less costly to operate.

There is a strong case for other AC companies
to follow Godrej’s lead and adopt R-290. R-290
is not protected by patents. In addition,
hydrocarbons are already used extensively in
domestic refrigerators and have reached a
penetration of 55% in industrialized countries.
India’s domestic chemical manufacturers should
be able to produce R-290. Liquid petroleum gas
(LPG) producers and refineries are often
capable of supplying refrigerant-grade R-290.5
Using Flammable Refrigerants Safely
R-290 is a flammable substance, but application
of this refrigerant in residential and commercial
refrigeration is safe if it meets European and
1

This profile highlights the commercially viable,
energy efficient propane (HC-290) based room air
conditioners manufactured and sold by Godrej &
Boyce in India. The R-290 AC makes the case that
ACs in the Indian market can be built using climate
friendly refrigerant alternatives that protect the ozone
layer, and at the same time make air conditioning
more energy efficient and less costly to operate.

Godrej has sold over 100,000 units of R290 ACs
making a strong case for hydrocarbons, that are
already used extensively in domestic refrigerators.
The Godrej R- 290 AC, developed in collaboration
with German development agency GIZ, and India’s
Ministry of Environment and Forests’ Ozone Cell,
complies with international safety standards and
safe for ACs with capacity less than 1.5 tonnes.

Efficient Air Conditioning for the Next Decade
http://ceew.in/pdf/ceew-nrdc-daikin-profile-5nov14.pdf
Efficient Air Conditioning for the Next Decade
A Profile of Energy-Efficient Room Air Conditioners That Use HFC-32
Rising prosperity and the expansion of the
electrical grid is resulting in an exponential
increase in use of room air conditioning in India.
AC use is already the largest component of
overall residential power consumption and the
largest peak demand use of electricity in many
Indian cities. Given low market penetration now,
experts expect that AC sales will continue to grow
at above 15% per year. With current AC stock of
about 4 million units, this means that, by 2030,
AC use will add 80-145 gigawatts to India’s peak
electricity demand.1

In India, Daikin reports sales of 150,000 HFC-32
units already since the products were launched in
March 2013.2 Daikin’s factory in Rajasthan – the
first to produce HFC-32-based room ACs in a
developing country – has the capacity to produce
up to one million units per year.3
Daikin reports that it is in the process of adopting
HFC-32 for its entire line of room ACs.4 Several
other companies – Mitsubishi, Fujitsu General,
Hitachi, Panasonic, Toshiba, and Sharp – are also
selling room ACs produced with R-32.5 Daikin
states that, as of May 2014, R-32 air conditioners
were on sale in 30 countries.6 Fujitsu General has
launched two models in India using HFC-32 this
year, 7 with other companies expected to follow.

Because of their significant energy use as well the
climate-forcing effects of the refrigerants used,
today’s air conditioning units contribute to
increasing greenhouse gas pollution. As India
phases out ozone-depleting
hydrochlorofluorocarbons (HCFCs) to comply
with the international Montreal Protocol treaty,
industry faces the challenge - and opportunity - of
replacing HCFCs with more climate-friendly
refrigerants with lower global warming potential
(GWP), which at the same time reduce India’s
increasing energy demand and combat climate
change. Luckily, such alternatives exist.

Basic patents for manufacturing HFC-32 have
long expired, guaranteeing competitive pricing
that makes wider adoption easier.8 In addition,
Daikin, which holds the HFC-32 air-

Commercially Viable Technology
One alternative available to the room AC segment
is hydrofluorocarbon-32 (HFC-32 or R-32), a
chemical with a GWP that is two-thirds lower
than the longer-established refrigerant option
HFC-410A. A top manufacturer of AC units,
Daikin, is leading the way, reporting sales of over
three million ACs using this refrigerant in Japan.

Figure 1: Outdoor unit of a Daikin R32 AC in New Delhi

conditioning patent, offers free access to its
“Basic Patent Indispensable for the Manufacture
and Sale of Air Conditioners Using R32 Single

1

This profile highlights energy efficient room air
conditioners that use HFC-32, a chemical with a
GWP of that is two-thirds lower than the longerestablished refrigerant option HFC-410A. Daikin,
reporting sales of over three million ACs in Japan,
and over a million in India, is in the process of
adopting HFC-32 for its entire line of room ACs.
Basic patents for manufacturing HFC-32 have long
expired, guaranteeing competitive pricing that
makes wider adoption easier.

Room AC’s using HFC-32 can provide significant
energy savings. Studies estimate that by 2050, a
switch could reduce greenhouse gas emissions
from room ACs in India’s residential sector by 31%,
of which 15% would result from energy efficiency
induced reduction in fossil fuels burned to generate
electricity, and the remainder from reduced global
warming caused by the direct emissions of the
refrigerant into the atmosphere.

International Analysis
Climate Benefits and Costs of Reducing Hydrofluorocarbons Under Dubai Pathway
http://conf.montreal-protocol.org/meeting/mop/mop-28/presession/Background%20Documents%20are%20available%20in%20English%20only/TEAP_ExIII-1_Report_Sept-2016.pdf

The TEAP analysis presents the climate benefits
and costs of phasing down HFCs under Montreal
Protocol for developed (Non-Article 5) and
developing (Article 5) countries up to 2050. The
analysis finds that earlier freeze dates combined
with adequate lower baseline values provide
larger climate benefits. It offers cost estimates
for manufacturing conversion, for servicing and
for HFC production phase-down. Although costs
are dependent on the baseline levels selected,

the report finds that they are lower the earlier the
freeze date sets in.
For non-Article 5, the four amendment proposals
yield a total reduction in HFC consumption in the
range of 10,000-12,500 Mt CO2-eq., compared to
BAU. For Article 5, it finds a total reduction in HFC
consumption varies widely from 26,000-76,000
Mt CO2-eq. The Indian proposal achieves the least
reduction, equivalent to only one-third the climate
benefit of the most aggressive proposal.

Primer on HFCs: Fast action under the Montreal Protocol can limit growth of hydrofluorocarbons (HFCs),
prevent 100 to 200 billion tonnes of CO2-eq by 2050, and avoid up to 0.5°C of warming by 2100
http://www.igsd.org/primers/hfc/

Primer on HFCs
Fast action under the Montreal Protocol can limit growth of
hydrofluorocarbons (HFCs), prevent 100 to 200 billion tonnes of
CO2-eq by 2050, and avoid up to 0.5°C of warming by 2100

Institute for Governance & Sustainable Development
IGSD Working Paper: 1 October 2016

In November 2015, the Dubai Meeting of Parties
to the Montreal Protocol agreed to a roadmap to
work to an amendment in 2016. In December 2015,
Parties to Climate Convention (COP21) meeting in
Paris agreed to an ambitious goal of limiting global
warming to “well below 2°C above pre-industrial
levels,” aiming for 1.5°C.
This Primer describes how the Montreal Protocol,
with further support from national and regional
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laws and institutions, will quickly phase down HFC
use. A fast phase down of HFCs under the Montreal
Protocol would prevent 100 to 200 billion tonnes
(Gt) of CO2-equivalent (CO2-eq) emissions by 2050,
and avoid up to 0.5°C warming by 2100, using a
treaty that requires developed countries to act first,
provides implementation assistance to developing
countries, and has the experience and expertise
to ensure that reductions are fast, effective, and
efficient.
NRDC Factsheet
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Status of Legal Challenges: Patents Related to the Use of HFO-1234yf in Auto Air Conditioning
http://www.c2es.org/docUploads/status-of-legal-challenges-07-2016.pdf
One of the challenges identified by Parties to the
Montreal Protocol, relates to intellectual property
rights. Because a large number of patents on low
GWP chemical substitutes for HFCs have been led
by a few transnational companies, a number of
developing countries (Article 5 Parties) have raised
concerns that these could impede their ability to
meet HFC reduction goals, significantly increase
the costs of doing so, or put their industries at a
competitive disadvantage.

Numerous patents have been granted for
methods for producing chemical substitutes (e.g.
hydrofluoroolefins or HFOs), and for
compositions
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http://eetd.lbl.gov/sites/all/files/lbnl-6674e.pdf
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ReeneRgizing india’s solaR eneRgy
MaRket thRough Financing

prepared by:
Council on energy, environment and Water
natural resources defense Council
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Electricity demand for room ACs is growing very
rapidly in emerging economies such as India.
The paper estimates the electricity demand
from room ACs in 2030 in India considering
factors such as weather and income growth
using market data on penetration of ACs in
different income classes and climatic regions.
The paper discusses the status of the current
standards, labels, and incentive programs to
improve the efficiency of room ACs in these
markets and assess the potential for further
large improvements in efficiency and find that

Solar panels at a nSM
commissioned power plant
at Jaisalmer, rajasthan

Supported in part by:

international: india

auguSt 2014

A Second W
Market: Fin
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iSSue paper

A Second Wind for indiA’S energy MArket:
Financing MechaniSMS to Support india’S
national Wind energy MiSSion
india is struggling with skyrocketing energy demands, declining energy supplies, and peak load blackouts and
shortages that limit energy access.1 the country’s recent economic growth has depended largely on fossil fuels,
resulting in greater energy security concerns, higher electricity pricing, and increased pollution. at the same time,
the Indian government recognizes that wind energy can be a significant clean energy resource. Supported by
initial government policies, India is already the fifth-largest wind energy producer, achieving 20 gigawatts (GW) of
installed wind power. Yet, much more can be achieved. India’s wind energy production can grow at least four to five
times its current level to achieve the country’s 100 gW wind energy potential.2 to achieve the higher potential, the
government announced plans in 2014 to launch a national Wind energy Mission. designing strong policies and
programs that attract investment is essential to scale wind power to reach 100 gW and to breathe new life into
india’s wind energy market.
India’s renewable energy capacity is nearly 13 percent
of total generation capacity. Of the total renewable energy
generation, wind energy currently makes up the majority
with nearly 70 percent. The country’s 100 GW wind energy
potential—almost half of India’s total electricity generation
capacity in 2013—reveals tremendous opportunities for
solving India’s energy crisis through a resurgence in wind

energy installations. Wind energy is also vital to diversifying
India’s energy mix and is a viable means to meet demands for
clean, affordable energy that creates jobs as discussed in the
12th Five-Year Plan.
Investments in the Indian wind market have fluctuated
as have government policies. Financiers invested more than
Rs 18,700 crore ($3.9 billion) in wind energy to add 3,200 MW
© bhaskar deol

Wind mills in Jath, Sangli district
in Maharashtra, india

Key Additional Resources & Blogs

www.nrdc.org/in
energy-wind-fina

Supported in part by:

Dr. Mario Molina & Dr. Patricia Espinoza: Time to Seize the Climate’s Low-Hanging Fruit; Sep 2016
http://www.japantimes.co.jp/opinion/2016/09/12/commentary/world-commentary/time-seize-climates-low-hanging-fruit/#.V_IyTJN97eQ

international: inDia

august 2014

report

Solar Power JobS:
exPloring the emPloyment Potential
in india’S grid-ConneCted Solar market

Dr. Ajay Mathur: Climate change: Here’s why India needs to be at the forefront of effort to phase out HFCs
http://www.financialexpress.com/fe-columnist/climate-change-heres-why-india-needs-to-be-at-the-forefront-of-effort-to-phase-out-hfcs/383796/
prepareD by:
Council on energy, environment and Water
natural resources Defense Council

© bhaskar Deol

Solar Power
Employment
Grid-Connec

www.nrdc.org/in
energy-solar-job

Anjali Jaiswal & Bhaskar Deol: India’s Role in Accelerating Strong Climate Action Through the Paris Agreement and Montreal Protocol
http://www.huffingtonpost.in/bhaskar-deol/indias-role-in-accelerating-strong-climate-action-through-the-p/
supporteD in part by:

Nehmat Kaur & Bhaskar Deol: India’s Initiative to Phase Out HFCs is a Step Toward Global Climate Leadership; Sep 2016
http://www.huffingtonpost.in/nehmat-kaur/indias-initiative-to-phase-out-hfcs-is-a-step-towards-global-cl/
Nehmat Kaur: Major HFCs Climate Opportunity Emerging for India; Sep 2016
https://www.nrdc.org/experts/nehmat-kaur/major-hfcs-climate-opportunity-emerging-india
David Doniger: Vienna HFC Talks: Progress, High Expectations, & Work Ahead; Jul 2016
https://www.nrdc.org/experts/david-doniger/vienna-hfc-talks-progress-high-expectations-work-ahead
Summary of Amendment Proposals; Jun 2015
https://www.nrdc.org/experts/david-doniger/progress-phasing-down-hfcs-countries-build-momentum-toward-deal-summary
Bhaskar Deol: From Paris to Montreal: The Year for Climate Action; Jan 2016
https://www.nrdc.org/experts/anjali-jaiswal/paris-montreal-year-climate-action
David Doniger: Countries Get Down to Business on Phasing Down HFCs; Apr 2016
https://www.nrdc.org/experts/david-doniger/countries-get-down-business-phasing-down-hfcs
Patents and the Role of the Multilateral Fund
http://www.c2es.org/publications/patents-role-multilateral-fund
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