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ABSTRACT

We propose that the Group of Twenty (G20) enhance voluntary collaboration on cool-
ing. International cooperation for energy-efficient and sustainable cooling requires
enhanced G20 joint leadership that strengthens existing initiatives, helps develop
synergies, and addresses the new cooling challenges presented by the COVID-19 pan-
demic. Safer air conditioning systems and cold chains for vaccines are urgently need-
ed. Stimulus measures can retrofit old buildings and equipment to boost efficient
cooling while phasing out harmful refrigerants and promoting a circular economy.
To be led by countries with the greatest interest, enhanced collaboration can pool
together experiences and expertise enabling more effective policy coordination and
impact.
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CHALLENGE

Why does the Group of Twenty (G20) need enhanced cooperation on cooling?
Higher temperatures, populations, and incomes have increased human reliance on
cooling, making it one of the top drivers of global electricity demand (IEA 2018). The
Group of Twenty (G20) countries are primarily responsible for this growth, where 1,773
TWh of energy was consumed for cooling buildings in 2018—a 139% increase from
742 TWh in 2000 or a compound average growth rate of 4.95% per year (see Figure
1). This G20 demand accounts for 82% of the global air-conditioner (AC) demand. The
US, China, and Saudi Arabia alone account for 70% of the G20 AC electricity demand
(see Figure 2) (Enerdata 2019).
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Figure 1: G20 AC electricity consumption 2000-2018

Source: Enerdata EnerDemand database (www.enerdata.net)

The AC demand in Figure 1does not include energy for refrigeration or mobile cooling
used in transport within the “cold chain.” Mobile cooling, which is vital for the medical
and food supply industries, consumes almost 2 million barrels of oil per day (IEA 2019).

The majority of cooling equipment sold today relies on HFC refrigerants, which are
industrial chemicals thousands of times more powerful per unit of mass than CO2 in
terms of their global warming potential. Regarding cooling-related greenhouse gas
(GHG) emissions, around 71% relate to energy and 29% to refrigerants (UNEP 2018).

TASK FORCE 2. CLIMATE CHANGE AND ENVIRONMENT



CHALLENGE

Over the next 30 years, the overall demand for cooling is projected to triple, as an
extra 6 billion cooling appliances are added to the existing stock of 3.6 billion. Such an
increase would be the equivalent of the current combined electrical capacity of the
US and Germany. This growth could lead to HFCs accounting for 20% of total GHG
emissions by 2050 (Enerdata 2019; Kigali Cooling Efficiency Program 2020).

Cities such as New Delhi (Abhyankar et al. 2017) and Beijing (IEA 2018) already use half
their electricity to run ACs during the summer. Even in France, the demand for ACs in
2018 grew by almost 200% from 2017 (IEA 2018). In India, AC ownership increased from
2 to 14 million units between 2006 and 2016; it is forecasted to reach 200 million by
2030 (Natural Resources Defense Council 2013). Saudi Arabia, which hosted the G20
in 2020, has a special interest in cooling. Studies suggest that 66-70% of household
electricity consumption is attributed to ACs, therefore accounting for the highest
share of household electrical consumption in the world (Howarth et al. 2020; Krarti,
Aldubyan, and Williams 2020).
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Figure 2: G20 AC energy demand in 2018 by country share (1,773 TWh)

Source: Enerdata EnerDemand database (www.enerdata.net); accessed March 29, 2020
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Figure 3: Electricity demand growth for cooling in G20 countries 2000-2018
Source: Enerdata EnerDemand database (www.enerdata.net).
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Figure 4: G20 cooling electricity demand; CAGR 2000-2018

Source: Enerdata EnerDemand database (www.enerdata.net).
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The need for universal access to cooling is not a luxury, but an issue of equity and a
servicethat must be provided to unlock development. According tothe UN Sustainable
Energy for All (2019), 1.05 billion people lack access to cooling and a further 2.2 billion
have inefficient cooling. The World Bank estimates that the lack of cold storage and
refrigerated transport contributes to 1.5 million vaccine-preventable deaths each year.
Simply halving food loss through better refrigeration and cold chains in food supply
would feed 1 billion undernourished people annually (World Bank 2019a; 2019b).

By combining energy efficiency improvements with the transition away from super-
polluting refrigerants, the world could avoid cumulative GHG emissions of up to 210-
460 gigatons of CO2-equivalent over the next four decades. This would be roughly
equivalent to four to eight years of total annual global GHG emissions, based on 2018
levels (IEA 2020a).

The strategic importance of cooling is clearly evidenced by long-term temperature
trends and shifts in temperature extremes. The three hottest major G20 cities are
Jakarta, Riyadh, and New Delhi, where the mean annual temperature is between 25
and 27 °C. Although Jakarta is the warmest city, its average summer temperature
(26.7 °C) is lower than that of Riyadh (36.6 °C) and New Delhi (31.3 °C).

Summer average temperatures are also increasing faster than yearly temperatures
in 9 of the 19 major G20 cities. The highest rate of summmer warming is in Rome (+3.0
°C), Riyadh (+2.8 °C), Berlin (+2.5 °C), Paris (+2.4 °C), and Istanbul (+2.3 °C) (Figure 5).
In Rome, Berlin, and Paris, the daily maximum average temperature during June—
August has increased by more than 3°C in the past four decades (Figure ©).
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Figure 5: Yearly and summer mean temperatures in OC in key G20 cities over 1979-2019 pe-
riod
Source: ERA5 ECMWEF dataset

Temperaturesarealsorising much fasterin citiesthantheaverage surfacetemperature
of the planet (Figure 7). This puts international targets that aim to limit global average
temperature change to 1.5 °C or 2 °C into perspective. For example, 2 °C of global
warming may mean a further 6-10 °C of warming for Riyadh in the summer, pushing
the limits of humans’ capabilities to adapt to the weather. The fastest annual warming
isin Riyadh (+2.3 °C), Shanghai (+2.1 °C), Moscow (+2.1°C), Berlin (+2.0 °C), and Paris (+1.9
°C).
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CHALLENGE
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Figure 6: Average summer daily maximum change in key G20 cities, 1979-2019
Source: ERA5 ECMWEF dataset
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Riyadh

Shanghai
Moscow
Berlin
Rome

Paris

London

Istanbul

Tokyo

Johannesburg

Washington DC

Seoul

Global Land Surface

Jakarta

Sao Paulo

Mexico

Toronto

Sydney

Global Planet Surface

Buenos Aires

New Delhi

o

0.5 1 15 2 25

AT °C

Figure 7: Yearly mean temperature change in key G20 cities, 1979-2019
Source: ERA5 ECMWEF dataset (Copernicus Climate Change Service 2017; GISTEMP 2019)
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PROPOSAL

Enhancing voluntary cooperation on cooling in the G20

There are few countries in the world where cooling is more essential to life than in
Saudi Arabia. Because of its fundamental importance to development and wellbeing,
the Kingdom'’s 2020 G20 Presidency is an ideal opportunity to elevate cooling as a
global strategic priority.

It is essential that any enhanced cooperation on cooling at the G20 level recognizes
and does not duplicate existing G20 and other international efforts. Such international
agreements and initiatives have been delivering important results for governments.
Nevertheless, they could all benefit from enhanced collaboration from G20 countries
in order to broaden membership, increase resourcing and commitment, and to better
coordinate and learn from best practices, especially given the emerging policy needs
presented by COVID-19.

Energy efficiency is already a major priority for G20 cooperation, and cooling and air
conditioning is an essential element of this objective. Cooperation has been key to the
G20 Energy Efficiency Leading Program and associated task groups that have been
led by smaller groups of countries. These include the G20 Buildings Energy Efficiency
Task Group, G20 Super-Efficient Equipment and Appliance Deployment Initiative,
Clean Energy Ministerial's Advanced Cooling Challenge, and G20 Task Group on
District Energy Systems.

This G20 work is supported and complemented by other international agreements
and initiatives. A major one among these is the important international agreement to

phase down HFCs through the Kigali Amendment to the Montreal Protocol (Appendix
A). Other initiatives include:

- The Biarritz G7 Pledge for Fast Action on Efficient Cooling (Appendix B)

- The Climate and Clean Air Coalition's programs on Efficient Cooling and HFCs
- The Cool Coalition

- The Kigali Efficiency Program and Principles for National Cooling Plans

- The World Bank’s Efficient Clean Cooling Program

- The Sustainable Energy for All Cooling for All Program

T20 SAUDI ARABIA
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- The Rocky Mountain Institute Global Cooling Prize

- The European Partnership for Energy and the Environment’s Count on Cooling

- The Green Climate Fund's Green Cooling Initiative

- United Nations Environment Programme’s (UNEP) Refrigerant Driving License

- COP 26 - UK Government support for cooling

- The International Energy Agency's (IEA) Technology Collaboration Program on
Energy Efficient End Use Equipment

- UNEP’s United for Efficiency Program and model AC regulation guidelines

+ UNEP's District Cooling Initiative

- Collaborative Labeling and Appliance Standards Program’s (CLASP) Cooling and
Energy Efficiency programs

-The Energy and Resources Institute’s Alliance for Sustainable Habitat, Energy
Efficiency and Thermal Comfort for All

- UN Basel Agency for Sustainable Energy’s Cooling as a Service Initiative

- UNEP’s Global Alliance for Building and Construction

- The University of Oxford's Future of Cooling Program

Enhanced collaboration on cooling at the G20 level is urgently needed in order to:

- draw on the experience and the lessons learned from the role cooling systems can
play in reducing the spread of COVID-19 indoors,

-achieve greater impact across international cooling agreements and initiatives
through broadening membership and more effectively using scarce resources
through improved collaboration, and

TASK FORCE 2. CLIMATE CHANGE AND ENVIRONMENT
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- provide a strong G20 statement on cooling similar to the Biarritz Pledge to reinforce
efforts and attract greater resources to the cooling challenge.

For example, the work program of the G20 Task Group on District Energy Systems
co-led by Saudi Arabia, Russia, and China is still to report on progress, despite
several years since initiation. This Task Group could be reinvigorated through closer
cooperation with the UNEP’s District Cooling Initiative and with technical support
through institutions such as the IEA, King Abdullah Petroleum Studies and Research
Center, and King Abdullah University of Science and Technology.

While the ultimate scope for enhanced collaboration should be determined such
that it best meets the G20 countries’ needs, the review and consultation process
conducted in preparing this policy brief has helped identify 11 priority areas for “cool
collaboration,” which could lead to immediate and strong benefits in addressing the
cooling challenge.

Priority areas for cool collaboration at the G20 level

1. Accelerated ratification and implementation of the Kigali Amendment

In 2016, 197 countries agreed, through the Kigali Amendment to the Montreal
Protocol, to phase down the production and use of HFCs. As of July 2020, more than 98
countries have ratified the Kigali Amendment. The status of G20 country ratification
is summarized in Appendix A. Nine G20 countries—China, India, Indonesia, Turkey,
Saudi Arabia, United States, Brazil, Russia, and Italy—are yet to ratify the agreement.
We recommend that the G20 call for its fast ratification and establish a process
whereby member countries can be mutually accountable.

2. Pooling experiences on the role of cooling in containing the spread of COVID-19
The COVID-19 pandemic is creating higher demand for indoor air quality. Thus,
changes are needed to establish better design, natural and hybrid ventilation,
“heating, ventilation, and air conditioning” equipment configuration, and air filtration
systems. Specific recommmendations may have to be updated frequently in response
to the evolving nature of the pandemic (Hazma-Goodachre 2020).

There is an urgent need to develop incentives for technologies suitable to sterilize
air in order to destroy COVID-19 and other viruses in cooling and heating systems,
and, thus, make buildings and public transport systems, including aviation, safer.
For example, cold plasma is a low-GWP technology that could have significant and
beneficial impact (Shi et al. 2019).

T20 SAUDI ARABIA

12



Once a vaccine is developed, there will be a race to produce and dispatch doses
globally. Vaccines, to be effective and safe for use, need to be stored in a specific
temperature range, typically 2-8 °C. Thus, cold chains need to be established where
they currently do not exist.

3. Adoption of a G20 Pledge on Efficient and Safe Cooling

In 2019, international leaders adopted the Biarritz G7 Pledge for Fast Action on Efficient
Cooling, which included a mandate to “recruit other heads of state and government
and private sector leaders to join in these efforts in order to gain political momentum
and encourage the mobilization of additional financial resources from public and
private actors” (Appendix B). Adapting the Biarritz Pledge for Fast Action on Efficient
Cooling at the G20 level offers governments a quick win using an existing and holistic
framework.

4. Enhance voluntary collaboration to help achieve greater impact of existing
initiatives

There is an opportunity to position “Energy Efficiency in Cooling” as an overarching
theme covering a wide spectrum within the G20. This includes the market
transformation for energy efficient equipment, integration of passive cooling design,
urban planning, cold chain management, leveraging of digitalization, and facilitating
financing models. A holistic approach is also critical to achieving the Biarritz Pledge.
One solution to ensure synergy would be to house the secretariat for a new voluntary
platform in one of the existing programs or coalitions, such as the Cool Coalition, IEA
Energy Efficiency Hub, or the Climate and Clean Air Coalition. Besides increasing
effectiveness through enhanced cooperation, a voluntary G20 cooling platform could
help avoid duplication and increase synergies.

TASK FORCE 2. CLIMATE CHANGE AND ENVIRONMENT
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5.1dentify a coordinated schedule for phasing out the mostinefficienttechnologies
and acceleratingthe adoption ofthe bestavailable technologies

Minimum energy performance standards (MEPS) are one of the most important and
proven tools to raise the efficiency of ACs. While around 82 countries have MEPS in
place, MEPS still fall far below the best practices, leaving a large gap between what is
sold in the market and what is technically possible (Figure 8).
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Figure 8: Market distribution of AC units sold by available energy efficiency rating

Source: IEA (2020b)

While the concept of aligning the MEPS at the global level may be appealing at
first glance, national and regional differences should never be underestimated.
Nevertheless, the |IEA estimates that the cumulative investment and running costs
of power generation could be reduced by $3 trillion between now and 2050 through
stronger MEPS for cooling (IEA 2020a).

Enhanced cooperation at the G20 level could identify the most inefficient AC units for
staged phase-outs, such as window units and non-inverter AC technologies, which
are already effectively banned in most countries (Figure 9). This goal could follow the
successful global phase-out of inefficient lighting.

Notably, efficiency and refrigerant standards interact. For example, efficiency
requirements are closely related to the refrigerant charge size. In the case of
flammable refrigerants, the charge size may be limited because of safety reasons,
which “caps” the achievable efficiency with certain refrigerant types. G20 action in

T20 SAUDI ARABIA
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this area could help achieve more joined up thinking in the relationship between
phasing out harmful refrigerants and increasing energy efficiency.

6. Support research and development into next-generation super-efficient,
COVID-19-safe, and low GWP AC appliances and other cooling equipment, and
make them available worldwide at affordable prices

While improving the MEPS and linking them more strongly to best available
technologies can deliver large immediate gains, there is still a considerable research
andinnovationgaptoidentify commercially viable high efficiency, low GWP refrigerant
units. The International Finance Corporation's (IFC) TechEmerge Sustainable Cooling
Program is one important initiative, and the Rocky Mountain Global Cooling Prize
is encouraging a residential cooling solution that will have at least five times less
climate impact than standard residential room AC units in the market today. Within
Saudi Arabia, King Abdullah City for Atomic and Renewable Energy’'s renewable
energy program sponsors innovative projects that integrate renewable energy with
cooling. King Abdullah University of Science and Technology's program on the future
of cooling has also involved developing innovative solutions (Choon et al. 2019). Along
with funding for research and development, sponsoring prizes can be an effective way
to find innovative solutions, especially for safe COVID-19 filtration systems. Stronger
mechanisms are also needed to link such initiatives to regulators in setting dynamic
MEPS and best available technology standards.

Introduce phased ban Innovation gap

] |

[ \ Future system [ ]

A \
Current system

AC units sold

Market transformation

N\

Minimum Energy Best Available Technology
Performance Standards

Figure 9: A transformation in energy efficient cooling

Source: Authors
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7. Enhance trade and technology transfer in high-efficiency products and support
the design of anti-dumping policies in developing countries to prohibit the import
of inefficient and obsolete technologies—new and used—from G20 countries

In less developed nations, preventing the import of obsolete and low-efficiency
cooling equipment requires urgent attention. For example, environment ministers of
African nations highlighted this during the 17th Conference of African Environment
Ministers Conference in November 2019. A recent CLASP report finds that very low-
efficiency room ACs make up 35% of the overall room AC sales in developing countries
(CLASP 2020). In manufacturing countries, such products are not sold.

8. Encourage greater adoption of digital and non-AC cooling solutions such as
smart systems, building design, and sustainable urban design and green spaces
“Cooling for all” does not necessitate an AC or refrigerator in every home. Building
designs for cooling include the use of shading and high albedo paints for cool roofs,
smart surfaces, building orientation, thermal mass, and increased use of green
spaces. These solutions can be coupled with the use of digital control systems for AC
management and thermostats that only cool buildings when occupants need them.
Heat pumps can be effective in providing warmth in winter and cooling in summer.
For example, the UNEP’s Global Alliance for Buildings and Construction, co-chaired
by the World Business Council for Sustainable Development and France, is mobilizing
the building, construction, and real estate value chain based primarily on energy
efficiency and building designs (Global Alliance for Buildings and Construction 2020).

9. Financing and utility regulation to overcome behavioral market failures

Highly efficient cooling products using low-GWP HFCs, or other climate friendly
alternatives, often reach the market with higher up-front costs. Most often, purchasing
decisions are driven by the initial purchase price of the AC unit than the life-cycle cost
of operating it to deliver the cooling service. Innovative financing mechanisms under
the G20 Energy Efficiency Financing Task Group can be directly applied to cooling.

10. Achieving better efficiency at lower costs through public sector purchasing
and private “buyer clubs”

In most countries, governments are large customers for cooling equipment. Energy-
efficient cooling can achieve large life cycle savings for public budgets. For example,
public procurement strategies have been successfully deployed in India through the
government agency Energy Efficiency Services Limited. This approach was initiated
with the promotion of LED bulbs, which helped lower the price of an LED bulb from
$5 to 60 cents in only two years. This made LED bulbs the preferred lighting option in
India (Kamat, Khosla, and Narayanamurti 2020).

T20 SAUDI ARABIA
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In 2017, India issued its first public procurement of super-efficient air conditioners with
a $68 million bulk purchase, with a 30% price reduction for the most energy-efficient
room AC available. In 2019, a bulk procurement for room ACs resulted in equipment
that was 40% more efficient with a 30% reduction in price.

Private procurement, or “buyer clubs,” are being organized in Morocco for lower-GWP
room ACs, and in Brazil by manufacturers for purchasing inverter/motor/compressor
components used in the most efficient ACs. Other examples include the US's Federal
Energy Management Program and the energy efficiency work of the World Bank in
Saudi Arabia.

11. Support global food security through reliable and efficient cold food chains
The International Institute of Refrigeration estimates that more than 200 million
tons of perishable foods could be preserved if developing countries had the same
level of cold chains as found in the developed world. More than 1,600 million tons of
food are wasted every year, with 63% of food losses occurring in developing countries.
With an expected increase of 40% in global food demands by 2030, dire shortages
are foreseen in food supply, especially in India and East Asia, if action is not taken
(Birmingham Energy Institute 2014). Improving cold chains could potentially feed 950
million people yearly (Food and Agriculture Organization 2018).

Key Recommendations

Led by countries with the greatest interest, we recommend that the Group of
Twenty (G20) enhance international collaboration on sustainable cooling by pooling
experiences and expertise on urgent issues, especially in the context of the COVID-19
pandemic. Our recommendations include:

- Encourage fast implementation of the 2016 Kigali Amendment of the Montreal
Protocol to phase down hydrofluorocarbons (HFCs), which is signed by 197 countries,
ratified by 98 countries, and pending ratification by 9 G20 countries.

- Make a strong declaration similar to the G7's Biarritz Pledge for Fast Action on
Efficient Cooling.

- Combine knowledge on solutions, policies, and best practices for safe ventilation
and filtering of air in order to prevent the indoor spread of COVID-19 and other
viruses.

TASK FORCE 2. CLIMATE CHANGE AND ENVIRONMENT
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- Support global access to vaccines though reliant and efficient medical cold chains.

- Collaborate for stronger impact on cooling through initiatives such as the G20
Energy Efficiency Leading Program and Task Group on District Energy Systemes.

- Phase out the most inefficient technologies and accelerate the adoption of the
best available technologies, with regular updates in response to each product's
innovation cycle.

- Encourage higher adoption of digital and non-air conditioning (AC) cooling
solutions such as smart grids, building design, urban planning, and green spaces.

- Boost funding for next-generation high-efficiency, safe, low global warming
potential (GWP) ACs and other cooling equipment that would effectively control
COVID-19 transmission, without aggravating climate change.

- Enhance trade of and technology transfer in high energy efficiency products and
design of anti-dumping policies in developing countries in order to prohibit the

import of both new and used obsolete technologies.

- Support global food security through reliable and efficient cold chains

T20 SAUDI ARABIA
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APPENDIX A

Ratification of the Kigali Amendment in G20 countries

Non-AS5 early Non-AS5 late A5 Group 1 A5 Group 2
China NOT RATIFIED
India NOT RATIFIED
Indonesia NOT RATIFIED
Turkey NOT RATIFIED
Saudi Arabia NOT RATIFIED

Argentina

South Korea

Mexico

us NOT RATIFIED

Brazil NOT RATIFIED

Canada

Australia

Russia NOT RATIFIED

Japan

South Africa RATIFIED

Italy NOT RATIFIED

France

Germany

UK

European Union

Source: Authors (June 11, 2020).
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Biarritz Pledge for Fast Action on Efficient Cooling
(22 August 2019)

Aware that the accelerating speed of climate change presents a risk that requires
strong political leadership to deliver fast action on a scale capable of protecting the
planet, its people, its biodiversity and ecosystem services;

Recognizing that the Kigali Amendment to the Montreal Protocol could prevent
up to 0.4°C of warming by the end of the century, and that coordinated efforts to
improve the energy efficiency of air conditioners and other cooling equipment will
have additional environmental benefits, including the reduction of emissions, public
health and food security;

Aware of the cost of using inefficient cooling equipment, which results in wastage
of the energy needed for development, increases air pollution, raises consumers’
operating costs, and requires additional capital for ensuring energy security;

Recognizing the importance of good servicing practices in maintaining the rated
energy efficiency of cooling equipment and in reducing refrigerant leakage from the
equipment, that also contribute to the reduction of both direct and indirect emissions
of the cooling equipment throughout their life cycle;

We, Heads of State and Government, hereby agree to undertake immediate
actions to improve efficiency in the cooling sector while phasing down HFC
refrigerants as per the Kigali Amendment to the Montreal Protocol, including:

1. To undertake ambitious measures to improve energy efficiency in the cooling
sector while phasing out HCFC and phasing down HFC refrigerants, such as
developing national cooling plans based on domestic circumstances, using energy
performance standards (MEPS) and labelling, and promoting use of good servicing
practices; and to undertake efforts that the related GHG emissions reductions are
reflected in the Nationally Determined Contributions to the Paris Agreement as per
country priorities;

2. To use the state’s bulk purchasing power and relevant measures to support the
phase down of HFCs and improvements in the energy efficiency of the cooling
sector beginning in 2020, while encouraging the private sector to do the same;
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3. To facilitate market access for highly efficient and affordable cooling technologies
using low- or zero-global-warming-potential (CWP) refrigerants;

4. To call on support from relevant financial institutions and funds to mobilize
additional financing for improvements in energy efficiency in the cooling sector
for activities beyond those covered under the Montreal Protocol and its Kigali
Amendment;

5. To support the Efficient Cooling Initiative of the Climate and Clean Air Coalition and
related initiatives;

6. To recruit other Heads of State and Government and private sector leaders to join in
these efforts in order to gain political momentum and encourage the mobilization
of additional financial resources from public and private actors.

This pledge will contribute to cooling commmitments made at the UN Climate Action
Summit, and progress toward its realization reported at other meetings of Heads of
State and Government.
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