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Decision XXIX/10
• Requests the TEAP “in relation to maintaining and/or
enhancing energy efficiency in the refrigeration, airconditioning and heat-pump (RACHP) sectors, including in
high-ambient temperature conditions, while phasing down
hydrofluorocarbons under the Kigali Amendment to the
Montreal Protocol in parties operating under paragraph 1 of
Article 5” to assess the following:
– Technology options and requirements including:
• Challenges for their uptake;
• Their long-term sustainable performance and viability; and
• Their environmental benefits in terms of CO2eq;
• Capacity-building and servicing sector requirements in the
refrigeration and air-conditioning and heat-pump sectors;
– Related costs including capital and operating costs;
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Decision XXIX/10 (cont.)
• Requests the TEAP to provide an overview of the activities
and funding provided by other relevant institutions, as well as
definitions, criteria and methodologies used in addressing
energy efficiency in the RACHP sectors in relation to
maintaining and/or enhancing energy efficiency in the RACHP
sectors while phasing down hydrofluorocarbons under the
Kigali Amendment to the Montreal Protocol, as well as those
related to low- and zero-GWP HFC alternatives including on
different financing modalities;
• Requests the TEAP to prepare a final report for consideration
at OEWG-40, and thereafter an updated final report to be
submitted to MOP-30 taking into consideration the outcome
of the workshop organised by the Secretariat
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Outline
Ch. 1 Introduction
Ch. 2 Technology options and requirements for EE in the
RACHP sectors
Ch. 3 Funding institutions related to EE in the RACHP
sector while phasing down HFCs
Ch. 4 References
Ch. 5 Glossary
ANNEX A: Sector-specific challenges to the uptake of
technologies
ANNEX B: Examples of projects
ANNEX C: Outcome of the workshop
ANNEX D: Additional guidance to TEAP as addressed in
updated final report
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Decision XXIX/10 Updated Final Report
• Updates to May 2018 final report highlighted
– Addresses as far as possible both the additional guidance
and interventions from parties at OEWG-40
– TEAP looks forward to future opportunities to engage more
fully in specific regions and countries on these topics

• Annex A: Additional sector and technologies discussion
• Annex C: New summary of workshop on EE
• Annex D contains additional guidance from OEWG-40
contact group
– Indicates report section(s) where comments are addressed

• This presentation highlights significant new
information
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Request: Discuss EE in the context of refrigerant
transition
• “Reformulate TEAP’s response to decision
XXIX/10 to put in the context of refrigerant
transition”
• “Elaborate in a comprehensive way and provide
clear comparison between HCFCs, HFCs and
HFC alternatives with respect to performance,
safety and costs”

Response (Ch. 2.1)
• The Kigali Amendment to the Montreal protocol describes a
timeline to phase down high GWP HFCs, which will avoid up to
0.5°C of total global warming by 2100
• If HFC phase down took place with:
– less energy-efficient equipment – the direct benefits from
the reduction in use of high-GWP refrigerants during the
phasedown might be offset
– more energy-efficient equipment - the total reductions in
GHG emissions both from direct and indirect sources,
could as much as double the climate benefits of the
phasedown

Response (Ch. 2.1) - 2
• Low GWP refrigerants themselves are only expected to have a
minor impact on the system efficiency, likely within 5% of
the energy performance of baseline refrigerant(s)
• Refrigerant blends can enable system optimisation balancing
between coefficient of performance (COP), volumetric
capacity, flammability, and GWP
• The large majority of any improvement in EE of RACHP
systems can be achieved through the optimisation and use of
new and advanced components, particularly compressor, heat
exchanger and controls

Request: Lessons learned from previous
transitions – domestic refrigeration
Response (Ch. 2.1 and 2.2.9):
• The Montreal Protocol has considered EE alongside the phaseout of ODS
• In domestic refrigeration, CFC-12 was phased out to either
hydrocarbon HC-600a or HFC-134a
– HC-600a became dominant
– HFC-134a with higher GWP favoured in regions where concern
about flammability was a significant market barrier for HC
– Industry made great efforts to improve EE when transitioning
from CFC-12, mainly through better compressor and system
designs.

Lessons learned: Room AC
• Non-A5 markets initially adapted to the phase-out of HCFC-22
with R-407C, and then R-410A with better energy
performance
• Currently, global markets are adapting to medium- and lowGWP options to replace HCFCs and high-GWP HFCs in air
conditioners including HFC-32, HC-290, and others under
development
• Room ACs performance can be optimised with improved
compressor, refrigerant charge, and size of the heat
exchanger
• In the absence of enabling EE policy, EE values for AC are
generally lower in A5 compared to non-A5 countries

HAT Challenges and Design of RACHP units
• Request: “Look at measures taken at other regions (such as the
EU) in recent years and address the particular challenges faced
by HAT countries.”
• Request: “Report on what R&D is occurring, and its progress and
outcomes, to address HAT challenges.”
• Request: “Elaborate more on the design and criteria of RACHP
units in particular with respect to safety, performance and the
consequences of increasing the capacity of those units.”
• Request: “Focus on the energy efficiency of the equipment in
the RACHP, avoiding duplication of work undertaken under other
international entities such as the IPCC.”

Request: Look at measures taken at other regions
in recent years and address the particular
challenges faced by HAT countries
• Studies indicate worldwide demand for cooling energy in
2100 is predicted to increase dramatically due to climate
change and income growth, with most demand occurring in
the tropical regions
– Need for increased space cooling due to climate change at HAT
conditions is projected to be 10–30% in 2100

• MEPS and labels have proved to be cost-effective policy
tools, reducing energy consumption without reducing
consumer choice or triggering sustained price increases
– EU Ecodesign ACs are expected to save 11 TWh and nearly 5
million tonnes of CO2 emissions annually by 2020
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Request: Report on what R&D is occurring, and its
progress and outcomes, to address HAT challenges
Response (Ch. 2.4.5): Since 2012, four collective research projects have
been launched working with various refrigerant alternatives to test units
for performance and EE at HAT conditions:

1. “Promoting low GWP Refrigerants for AC Sectors in HAT Countries”
(PRAHA). Phase-I testing 5 alternatives to HCFC-22 and R-410A in custombuilt window units, mini-splits, ducted units and packaged units.
2. “Egyptian Project for Refrigerant Alternatives” (EGYPRA). Launched in
2015, the project tests units with 8 alternatives to HCFC-22 and R-410A.
3. Oak Ridge National Laboratory (ORNL) “HAT Evaluation Program for LowGWP Refrigerants”. Phase I and Phase II in 2015 and 2016 used mini splits
and roof tops units for testing 8 alternatives to HCFC-22 and 6 alternatives
to R-410A as drop in and soft optimized.
4. The AHRI Low GWP “Alternative Refrigerants Evaluation Program” (AREP)
Phases I and II evaluated 40 alternatives to HCFC-22, R-410A, R-404A, R407C, and R-134a as drop-in or soft-optimized including HAT conditions

Design of RACHP Units
Response covered in various sections (Ch. 2.2.2, 2.4.2, 2.4.3)
Study
2.4.4):
Capacity difference
Efficiency difference
AHRI AREP, HCFC-22
AHRI AREP, R-410A
US DOE, mini split,
HCFC-22

(Q-Qbaseline)/ Qbaseline

(COP-COPbaseline)/COPbaseline

-20% to - 5%
±15%
Fluorinated @35°C: -3% to -14%
Fluorinated @55°C: -3% to -14%
HC-290 @35°C: -7%
HC-290 @55°C: -10%

±10%
±15%
Fluorinated @35°C: -11% to -16%
Fluorinated @55°C: -7% to -15%
HC-290 @35°C: 7%
HC-290 @55°C: 8%

US DOE, mini split,
Fluorinated @35°C: -14% to 5%
Fluorinated @35°C: ±5%
R-410A
Fluorinated @55°C: -3% to 13%
Fluorinated @55°C: up to 6%
PRAHA Window unit, Fluorinated @35°C: -8% to 10%
Fluorinated @35°C: -4% to -9%
HCFC-22
Fluorinated @50°C: -10% to 12%
Fluorinated @50°C: -6 to -10%
PRAHA Ducted Splits, Fluorinated @35°C: -18% to -8% Fluorinated @35°C: down to -12%
HCFC-22
Fluorinated @50°C: -18% to -5% Fluorinated @50°C: down to -10%

Results in terms of Cooling Capacity and EE from studies on alternative refrigerants

Request: Information on additional gains from
improved servicing
Response (Ch. 2.6.2): The benefits of high quality service and
maintenance are several:
• Reduced energy costs;
• Reduced refrigerant leaks;
• Improved safety by eliminating risks;
• Better temperature control and thermal comfort for
occupants;
• Improved occupant productivity by maintaining a high quality
indoor environment;
• Deferred capital expenditure for replacement and repair cost
by extending the useful life of equipment.

Request: Provide more information on specific
economic benefits in terms of savings to
consumers, power plants, payback periods
Response (Ch. 2.8.1 and Figure 2.8):
• The economic benefits of EE vary by equipment type,
application, weather, time and by local factors such as
discount rates, hours of use, electricity prices, transmission
losses, etc.

Request: Provide more information on specific
economic benefits in terms of savings to consumers,
power plants, payback periods - 2
Response (Ch. 2.8.1)
• EE measures for Mexico housing offered payback periods of 4-6 yrs
• EE improvement of India room ACs had payback periods of 1-3 yrs
• Estimated that the global reduction of peak load by an
improvement in EE of 30% for room AC alone would abolish the
need for around 1400 peak load power plants of 500MW capacity
by 2030 and around 2200 peak load power plants by 2050
• In addition, there is avoided morbidity and mortality caused by
energy poverty, reduced days of illness, improved comfort, reduced
pollution (SOx, NOx and particulate matter), and avoided CO2
emissions. It has been estimated that these co-benefits can provide
an additional 75%-350% to the direct energy-savings benefits of EE

Request: Provide a matrix of technical
interventions to EE and associated costs

Response (Ch. 2.8.1):
Equipment
type
All
All

Room AC

Baseline
Technical interventions
components
Evaporating Optimize evaporating
temperature temperature

Energy efficiency
Improvement, %
Each 1°C increase
result in 2 – 4%

Associated
costs
Low

Controls

Improved controls

10 – 50%

Low - Med

Heat
exchangers

Increase heat exchanger size,
or use advanced designs
(small tubes or MCHX)

9 – 29 %.

Low Medium

Two-stage rotary compr.,
high eff. scroll with DC mot.

5 – 19%

Medium

AC, AC/DC or DC inverter
driven compressors

20 – 30%

Medium

5 – 9%

Low

2%

Low

Compressors

Expansion
Thermostatic or electronic
valve
expansion valve
TEA
P
Standby load Reduced standby
loads

Request: Explore the possibility of district
cooling, green buildings code and hydrocarbons
in commercial applications to be options for EE
(as is demonstrated in UAE)

Response:
• District cooling systems may reduce power demand by 55 to
62% in comparison to conventional air conditioning systems
and may consume 40 to 50% less energy
• Not-in-Kind technologies are being designed for district cooling
projects

– For example, absorption chillers use heat as their primary energy
instead of electrical power as is the case for conventional
compression chillers
– Electrical power consumption is dramatically reduced and primary
energy is used more efficiently
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Funding Institutions
• Request: “Elaborate on the criteria and
methodologies of the relevant funding institutions
noted in Decision XXIX/10.”
• Request: “Tabular presentation of funding
sources.”
• Request: “Provide further information on the
following takeaway messages from the EE
workshop on -Availability of funds that are,
however, not easily flowing.”
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Request: Elaborate on the criteria and
methodologies of the relevant funding
institutions
• The May 2018 report elaborated on criteria and methodologies
for a number of relevant funding institutions : K-CEP, The GEF,
GCF, WB, GIZ, Horizon 2020 and The Global Energy Efficiency
and Renewable Energy Fund (GEEREF)
• This report elaborated on other institutions, with programmes
which may be relevant to the RACHP sector, as follows: The
Climate Investment Fund, four Regional Development Banks African Development Bank (AfDB), The Asian Development Bank
(ADB), the European Bank for Reconstruction and Development
(EBRD), and the Inter-American Development Bank (IDB), the EU
Investment Bank, and two main bilateral programmes (USAID,
and Canada’s CIDA)
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Request: Tabular presentation of funding sources
(linked to EE to Support HFC Phasedown)
• Due to lack of specific information in the web sites, the Task Force
Performed a search (supported by K-CEP) of the Organization for
Economic Cooperation and Development (OECD) database of funding
covering Official Development Assistance (ODA).
o Keywords used were related to the RACHP sector and tagged to
climate mitigation
o As a snap shot, the Task Force looked at funded projects in 20142015 for institutions other than the MLF, to illustrate the types and
scale of funding for the cooling and refrigeration sectors for EE
• Known philanthropic funding was included
• Institutions that started funding projects related to EE in the RACHP
sectors after 2015 (and therefore not shown in the charts), including
GCF, Climate Investment Funds, and K-CEP were also included
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ODA Funding for Cooling: 2014-2015
Refrigeration and
Air Conditioning is a
very small percent
of development aid

Non-RACHP
99.9%

$19 million for RACHP
mitigation excluding
Multilateral Fund,
half is principally mitigation

RACHP
0.1%

Significant
46%
Principal
50%

Not assessed 4%
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Table 3.2 Funding sources for mitigation-focused cooling
projects
Funding

Examples from

# of projects /year,

2014-15

avg 2014-15

Bilateral institutions and providers not all linked to RACHP/HFCs: Canadian
International Development Agency (CIDA, now merged with Department of Foreign
Affairs), Germany's GIZ, BMU (Fed’l ministry for the environment, nature conservation,
and nuclear safety), and BMZ (fed’l ministro for economic cooperation and
development) has funded several projects in RACHP sector; USAID, PROPARCO
(Groupe Agence Francaise de Development), Other bilaterals include Finland, Italy,
Norway, Switzerland, Spain, UK DFID, and Austria.

~33% cold chain, ~20% refrigeration, ~16%
HFC phase out, ~12% general cooling,
~10% chillers, ~6% solar/renewable cooling

30.5 grants, 6 loans

$17.8 M (0.2
unknown)

CEC (Conference of European Churches),
EDF (European Development Fund), GEEREF (EU’s Global Energy Efficiency and
Renewable Energy Fund), HORIZON 2020 (EU fund)

~73% room AC, ~25% HFC phase out,
~2% refrigeration

3.5 grants

$0.6 M

United Nations Bodies

Specialized United Nations Bodies and other multilateral Organizations (climate specific
inflows): UNICEF, UN Environment, UNDP, Clean Energy Ministerial, International
Partnership for Energy Efficiency

~100% cold chain

2 grants

$0.5 M (0.5
unknown)

Multilateral Development Banks and
multilateral organizations

Multilateral Development Banks (concessional and non-concessional): The World Bank
Group pledged US$ 1 billion to promote urban EE, includes HFCs. European Investment
Bank, Regional Development Banks (Asian Development Bank, Arab Bank/Econ
Development Africa), International Development Association, OPEC Fund for
International Development

~62% district cooling, ~23% refrigeration,
~10% room AC, ~6% general cooling

3 grants, 11 loans

$0.3 M (0.01
unknown)

Global Environment Facility and 5 main funds: 1000 climate mitigation projects/over
200 projects in EE mainly financed by the GEF Trust Fund/ several market
transformation for EE in building sector with links to the RACHP sector

~62% refrigeration, ~38% industrial cooling

2.5 grants

$0.2 M

Climate and Clean Air Coalition

HFC surveys and technologies
demonstration projects

Name

Bilaterals (non-MLF)

EU Institutions/ Programmes

Global Environment Facility
Multilateral Coalition
Green Climate Fund (new)

Overview

summary, avg
2014-15

na

Engaged in 5 EE projects (one $42M project in 2018, unclear amount for cooling).
Around since 2016 (strategic plan). ~$140 million in 2018 for all GCF work.

na

Climate Investment Funds (new)

Clean Technology Fund ($770 million, or 14% of $5.5B fund, for EE) has engaged in
clean technology and EE programs, EE work covers municipal, household, and industry.
EE aims to save 3,178 GW/year.

Countries: Algeria, Chile, Colombia, Egypt,
India, Indonesia, Jordan, Kazakhstan,
Libya, Mexico, Middle East and North
Africa Region, Morocco, Nigeria,
Philippines, South Africa, Thailand,
Tunisia, Turkey, Ukraine, Vietnam

Foundations 2014-15

Children's Investment Fund Foundation, ClimateWorks, Central Indiana Community
Foundation, Energy Foundation (US), KR Foundation, Climate and Land Use Alliance,
Gates Foundation (e.g., River Energy Networks micro-hydro to power vaccine
refrigerators), and others

Global focus (HFC phase down and
Montreal Protocol), cooling, green roof, and
room AC. Other geographies: US, China,
India, EU, and Brazil

Philanthropy (new)

Recently Philanthropy increased funding for cooling (~$8M/year in 2016-17). Overall
spending on cooling still represents 0.04% of total USA foundation spending. New
funding includes Kigali-Cooling Efficiency Project ($52 million in total supporting a
large number of projects focus on EE in cooling)

HFC phase down primary focus, smaller
projects for green roofs or room ACs, recent
Kigali CEP focus

na

~20 grants/ year

$4.5 M

na
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Request: “Provide further information on the following
takeaway messages from the EE workshop on:
Availability of funds that are, however, not easily
flowing”
• The EE Workshop held prior to the 2018 OEWG stated “ it is
generally held that, while sufficient funds are available to
support EE measures, these do not flow effectively”
• The EETF has provided a compilation of funding
sources/opportunities
• The EETF considers that this compilation exercise is
insufficient alone
• The EETF suggests that there needs to be consideration of
potential options for a new financial architecture, by which
resources for EE could flow more certainly and effectively
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Funding Institutions: Summary
• Less than one-thousandth of ODA (in 2014 and 2015) are focusing
on RACHP, indicating there is extremely low international focus on
RACHP relative to other development topics.
• Funding from multilateral sources have a key role in providing grant
funding to fill gaps in public finance.
• The majority of large multilateral climate funds operate in sectors
other than RACHP, such as infrastructure, energy access, renewable
energy transmissions and other related projects.
• In spite of the low level of ODA funding focusing on RACHP sectors,
there are numerous financial resources for project implementation
in the field of EE in general.
o Barriers need to be addressed in coordination with existing
financial organisations (e.g. The GEF, GCF, CIF etc.).
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Parties may wish to consider:
• Developing appropriate liaison
with the main funding institutions
with shared objectives to:
o Increase funding flow to RACHP
o Develop or streamline processes
to enable timely access to
funding

• Investigating novel funding
architectures with clear rules,
regulations, and governance
structures to most effectively
bridge to other financial
resources

Non-RACHP
99.9%

RACHP
0.1%

ODA Funding for Cooling:
2014-2015
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