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The Montreal Protocol has evolved from focusing primarily on ozone layer protection to addressing climate
change mitigation, particularly with the 2016 Kigali Amendment establishing a framework for reducing global
hydrofluorocarbon (HFC) use. This shift presents an opportunity to link the HFC phasedown with deployment of
energy-efficient cooling equipment and thus provide benefits in terms of greenhouse gas reductions, technical
and economic synergies, and reduced dumping of environmentally harmful products in developing countries.
Although energy-efficiency and refrigerant considerations are still separate in most regions and under most
regulatory systems, multilateral agencies can work to couple the financial assistance provided by the Multilateral
Fund to Article 5 countries for refrigerant transition under the Montreal Protocol with finance to improve cooling
equipment efficiency. In this perspective, we recommend a global governance architecture for the simultaneous
transition to efficient cooling equipment and refrigerants with low global warming potential. Our recommen-
dations leverage decades of experience from national energy-efficiency programs along with the Montreal Pro-
tocol’s refrigerant assistance program. Major elements of the recommended energy-efficiency governance
architecture include an internationally harmonized energy-efficiency standards program, product certification
and registration, infrastructure for testing energy-efficiency performance, and an evaluation, measurement, and
verification strategy. The goal is to optimize investments by national, regional, and international communities
that are establishing or improving energy-efficiency standards and compliance infrastructures in tandem with the
refrigerant transition. Ultimately, these efforts should help unlock the potential for climate change mitigation
under the Kigali Amendment through harmonization of domestic practices and international obligations.

1. Background and motivation

The Montreal Protocol on Substances that Deplete the Ozone Layer
was adopted in 1987 to regulate the production and consumption of
nearly 100 ozone-depleting substances (ODS), and it remains the only
United Nations (UN) treaty ratified by all UN Member States. Between
1987 and 2010, the Montreal Protocol led to the phaseout of 98% of
historical levels of ODS production and consumption [1,2].

While the Montreal Protocol originally focused on ozone layer pro-
tection, it also contributed to climate change mitigation by phasing out
use of ODS such as chlorofluorocarbons (CFCs) and hydro-
chlorofluorocarbons (HCFCs)—which are potent greenhouse gases
(GHGs) [2-4] — and encouraging parties to promote “the selection of
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alternatives to HCFCs that minimize environmental impacts, in partic-
ular impacts on climate, as well as meeting other health, safety and
economic considerations,” as recognized in Decision XIX/6 [5]. After the
original treaty was enacted, hydrofluorocarbon (HFC) use helped fill the
need for non-ODS refrigerants. However, HFCs have an extremely high
global warming potential (GWP) and represent the fastest-growing type
of GHG emissions, increasing at an annual rate of about 10%-15% or
more, depending on specific HFCs and regions [6-8]. For this reason, in
2016 the Parties to the Montreal Protocol adopted the Kigali Amend-
ment, which establishes a framework for reducing global HFC use. As of
January 2021, 112 parties had ratified the amendment [9].

The Montreal Protocol’s shift toward climate protection through the
Kigali Amendment (Decisions XVIII/2 and XVIII/3) presents an
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opportunity to link the HFC phasedown with deployment of energy-
efficient cooling equipment—and thus greatly amplify the GHG-
reduction benefits of either strategy alone. In fact, energy efficiency
has a larger impact on GHG emissions than refrigerant choice does [10].
Recent studies find that implementing the HFC refrigerant transition and
energy-efficiency improvement policies in parallel for air conditioners
(ACs) significantly improves the benefit of either policy implemented
separately, in terms of GHG reductions and electricity savings [11,12].
Reduced electricity-sector emissions due to higher energy efficiency
provide two thirds of the GHG reductions, with low-GWP refrigerants
providing the other third [13]. Further, energy-efficiency improvement
can maximize climate and health benefits by minimizing emissions and
air pollution associated with fossil fuel-based electricity generation,
even while AC use is expected to increase [14]. One comprehensive
review study for climate change and fluorinated gases (F-gases) high-
lights “low-GWP, no-GWP, and natural substitute gases” and “energy
efficiency and design improvement” as promising cross-cutting options
that can help mitigate the effects of potent F-gases that include HFCs
[15].

Linking the HFC phasedown with energy-efficiency improvements
offers technical and economic synergies as well. High-efficiency prod-
ucts may entail a temporary increase in upfront prices, compared with
the upfront prices of low-efficiency products. However, the price of
high-efficiency room ACs varies owing to multiple factors, including
premium features beyond energy efficiency and manufacturers’ pricing
strategies across their product lineups. Several studies find that AC en-
ergy efficiency can be further improved cost-effectively [16-23]. Tran-
sitioning to low-GWP refrigerants also entails upfront costs to
manufacturers, including costs associated with system redesign,
research and development, and retooled manufacturing lines. Hence,
coordinating efficiency improvements with replacement of high-GWP
refrigerants—rather than making two separate technological tran-
sitions—can keep costs lower for consumers, manufacturers, and utili-
ties. In fact, highly efficient room ACs using low-GWP refrigerants (e.g.,
R-32 and R-290) are commercially available today in some well-
developed markets at prices comparable to similar room ACs using
high-GWP R-22 or high-GWP R-410A refrigerant [24]. Still, inefficient
room ACs using high-GWP and ozone-depleting R-22 refrigerant
continue to dominate markets in many developing countries [24]. As
high-efficiency cooling equipment that uses low-GWP refrigerants is
adopted more widely, the increased manufacturing scale will make these
products even more cost-effective. Although changing refrigerants poses
technical challenges to AC manufacturers with regard to redesigning
systems and retrofitting facilities to address thermodynamic and safety
issues associated with alternative refrigerants, it also presents an op-
portunity to redesign ACs for higher efficiency or lower cost [25].

Strengthening refrigerant and efficiency standards could also miti-
gate dumping of environmentally harmful products. Although more
than 30 economies' have implemented efficiency standards for cooling
equipment, many countries lack meaningful standards and compliance
mechanisms (Fig. 1) [26-29]. Inadequate efficiency programs can allow
countries to become dumping grounds for products that cannot be sold
elsewhere, hindering control of harmful substances and promoting
wasteful energy consumption [30]. Importation of used ACs and
refrigerating appliances is a major issue in Africa, where imported units
often use two to three times as much electricity as new products that
comply with minimum energy performance standards (MEPS) in their
countries of origin [31-33]. Of the room ACs sold in 10 African coun-
tries, 35% do not meet MEPS in their countries of origin and contain
refrigerants that exacerbate global warming [34]. Used imports also
entail safety concerns, because the contents may include a mix of
replacement parts, improper servicing in the past may lead to early
failures and risk of electric shock or refrigerant leaks, and so forth.

1 EU member states are counted as a single economy.
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Despite the benefits of linking energy-efficiency and refrigerant
considerations, they are still separate in most regions and under most
regulatory systems. The Multilateral Fund (MLF) provided financial and
technical assistance toward treaty compliance among developing (or
“Article 5”) countries that consume and produce less than 0.3 kg per
year of ODS per capita on the date of entry into force of the Montreal
Protocol or any time thereafter until January 1, 1999. MLF activities are
implemented by four international agencies—the UN Environment
Programme (UNEP), UN Development Programme, UN Industrial
Development Organisation, and World Bank—and through bilateral
arrangements between Article 5 and non-Article 5 countries. In 2019,
OzonAction’s Compliance Assistance Programme conducted regional
workshops with national ozone officers on enabling activities for the
HFC phasedown. In February 2020, guidance was updated on the sub-
mission of standalone HFC investment projects, outlining available re-
sources — such as 30,000 U.S. dollars (USD) for the preparation of such
projects — and noting that project impact could be estimated in terms of
HFC phasedown as well as other environmental or energy-efficiency
related impacts [35]. The MLF for the implementation of the Montreal
Protocol will likely begin providing financial assistance to Article 5
countries to implement the Kigali Amendment starting in 2023.

These efforts are still in early stages and have not been linked with
energy-efficiency considerations. Although the Kigali Amendment en-
courages countries to “maintain or enhance” equipment efficiency while
transitioning to low-GWP refrigerants, it does not require higher-
efficiency cooling equipment. This broad objective could be strength-
ened through the mechanism of the MLF for the Implementation of the
Montreal Protocol, as well as coordinated assistance for improving
cooling equipment efficiency through other bilateral or multilateral
agencies. Recently, the MLF Executive Committee asked the MLF
Secretariat to provide a framework for mobilizing resources to improve
energy efficiency when phasing down HFCs [36].> Additionally, we
understand that funding agencies such as the Green Climate Fund or
other multilateral agencies are in discussions with the MLF Secretariat
and the Ozone Secretariat® to couple financial assistance for improving
cooling equipment efficiency with financial assistance provided by the
MLF to Article 5 countries for the refrigerant transition [37,38].4

In this perspective, we aim to inform national governments and
relevant regional entities by recommending a global compliance infra-
structure for the simultaneous transition to efficient cooling equipment
and low-GWP refrigerants. In general, countries develop and amend
energy-efficiency standards to achieve the maximum efficiency that is
technologically feasible and economically justified. For example, in the
United States, standards are developed and amended through a formal
rulemaking process with impact analyses, stakeholder engagement via
public meetings and comment periods, and consensus agreements when
petitioned by manufacturers and advocates [39]. Fig. 2 illustrates a

2 The report of the Executive Committee states [36], “To request the Secre-
tariat:To prepare, in consultation with implementing agencies, a document for
the 85th meeting that could provide a framework for consultations with rele-
vant funds and financial institutions to explore, at both the governing and
operational levels, the mobilization of financial resources, additional to those
provided by the Multilateral Fund, for maintaining or enhancing energy effi-
ciency when replacing HFCs with low global-warming-potential refrigerants in
the refrigeration and air-conditioning sector; andTo continue the informal ex-
change of information with relevant funds and financial institutions, including
for the preparation of the document referred to in sub-paragraph (b)(i) above.”

3 The Ozone Secretariat (based at UNEP headquarters in Nairobi, Kenya)
provides technical support to the Meeting of the Parties, which is the treaty’s
governing body.

4 "Parties inter alia requested the Executive Committee, in dialogue with the
Ozone Secretariat, to liaise with other funds and financial institutions to explore
mobilizing additional resources and, as appropriate, set up modalities for
cooperation, such as co-funding arrangements, to maintain or enhance EE when
phasing down HFCs." [37].
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Fig. 1. Status of MEPS and efficiency labels for (a) room ACs and (b) refrigerating appliances.

model framework for establishing appliance and equipment standards recommendations, which leverage decades of experience from national
programs. energy-efficiency programs along with the Montreal Protocol’s refrig-
The four steps outlined by the dotted box in Fig. 2 are the focus of our erant assistance program. The recommendations cover a broad compli-

ance infrastructure, and they apply to residential, commercial, and
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Fig. 2. Authors’ work based on several sources [27,40,41].
Appliance and equipment standards program framework.

industrial cooling equipment.® The following are the major elements of
the recommended compliance infrastructure, which are described in the
remainder of the perspective:

1) Internationally harmonized energy-efficiency standards program
2) Product certification and registration

3) Infrastructure for testing energy-efficiency performance

4) Evaluation, measurement, and verification (EM&V) strategy

The goal is to optimize investments by national, regional, and in-
ternational communities that are establishing or improving energy-
efficiency compliance infrastructures in tandem with the refrigerant
transition. Ultimately, these efforts should help unlock the potential for
climate change mitigation under the Kigali Amendment through
harmonization of domestic practices and international obligations.

5 Our recommendations complement the UNEP U4E Model Regulation
Guidelines for ACs and refrigerating appliances, which address core re-
quirements and test methods related to energy efficiency and refrigerants, and
the U4E Guidance Notes on i) Protocols to Conduct Market and Impact As-
sessments, ii) Energy Labeling, and iii) Ensuring Compliance with MEPS and
Energy Labels.

* Negotiate with stakeholders
* Collaborate internationally

« Standards developed with

» New energy-efficient and
climate friendly products

* Check products for
compliance

* Determine energy savings
and non-energy benefits

* Determine cost
effectiveness

* Test results
* Non-compliance warnings

* Estimates of energy savings,
environmental benefits, and
economic impacts

* Lessons learned about
program design,
implementation and
management

« Corrective actions taken

* Products comply with
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* Address underlying causes
and issues contributing to
goals not adequately
achieved

* Higher energy-efficient and climate-friendly products are sustainably produced, reducing energy intensity in buildings and
greenhouse gas emissions nationwide and increasing access to cooling.

2. Internationally harmonized energy-efficiency standards

The following are our recommendations related to internationally
harmonized energy-efficiency standards.

i. Implement energy-efficiency standards that consider low-GWP re-
frigerants along with improvement of safety standards.

In the context of the Kigali Amendment, especially for countries that
have nonexistent or outdated energy-efficiency standards for cooling
equipment, policy action can be accelerated by advancing the refrig-
erant transition and efficiency improvements simultaneously. Jurisdic-
tions that already have advanced energy-efficiency standards may add
the refrigerant transition to the market transformation. For example, in
the European Union (EU), Regulation (EU) No. 517/2014 requires an
HFC phasedown. Effective January 2025, the European Commission will
ban refrigerants with GWP greater than 750 for residential split ACs that
contain less than 3 kg of refrigerant charge [42]. In the United States, the
California Air Resources Board (CARB) approved a new regulation to
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California’s building energy-efficiency standards have minimum effi-
ciency requirements for ACs and condensing units by type and size [49].
However, when linking policy programs, challenges related to the
governmental silos discussed in recommendation i above must be
addressed.

Incentives can also be linked to energy-efficient products. For
example, the ECOWAS Refrigerators and Air Conditioners Initiative
(ECOFRIDGES) launched a financial mechanism that uses the U4E
Model Regulation Guidelines as the basis for product eligibility.® Con-
sumers receive a voucher toward a future purchase if they turn in used
but complete AC or refrigerating appliances. New products can be
financed at 0% interest. This is a voluntary scheme for qualifying sala-
ried employees [50].

The increasing demand for new cooling appliances in the coming
years can yield greater opportunity to deploy smart cooling appliances
embedding demand response capabilities. These capabilities help
maintain electricity supply and demand balance in a power system,
particularly in the peak periods, mitigating capacity requirements for
rising peak loads due to cooling electricity demand. The successful
adoption of demand response based on smart cooling largely depends on
avoiding user thermal discomfort and integrating user feedback into the
cooling control loop - and it depends on energy-efficient equipment.
Advanced information technologies for cooling appliances combined
with machine-learning algorithms can help energy systems identify
optimized timing for precooling or temperature points around peak load
times while considering building characteristics and user thermal com-
fort, responding to varying environmental and operating conditions
such as building characteristics, climate, and, occupancy.’” Utilities
across the United States are offering incentives in return for the ability to
adjust the temperature via smart cooling appliances. Utilities sponsor
direct-installation thermostat programs, which require participants to
register smart cooling appliances so the utilities can control the regis-
tered appliances during peak hours. Alternatively, bring-your-own-
thermostat (BYOT) programs enable residential customers to partici-
pate in demand response through smart thermostats that plug in to
cooling appliances [51].

3. Product certification and registration

Standards programs for energy-efficient and low-GWP cooling
equipment depend on mechanisms for certifying and registering
compliant equipment [41,52]. Fig. 3 shows a model framework for co-
ordinated certification and registration. Manufacturers and suppliers of
compliant products are provided a mechanism for certifying compliance
[27]. For example, regulations might require every model of a product to
be tested by an accredited laboratory before sale.® A sample of each
model is sent to one of these laboratories for energy performance testing.
If the manufacturer or importer accepts the results, this information is
included on the energy label; if they do not accept the results, they can
request tests of other samples of the same model [27,41,53]. To prevent
differences between samples tested for reporting before sale and samples
selected from the market, the government can test products selected

6 ECOFRIDGES is a joint project of the Governments of Ghana and Senegal,
the UNEP U4E Initiative, and the Basel Agency for Sustainable Energy. ECO-
WAS = Economic Community of West African States.

7 A successful demand response program requires an automated operational
framework that can sense and minimize user discomfort. For example, rein-
forcement learning, a flexible model-free approach that can incorporate com-
plex environmental and human feedbacks into its learning logic, has been used
to automatically control diverse energy systems such as heating, ventilation,
and AC systems, smart appliances, and energy storage.

8 Because efficiency tests for ACs and refrigerating appliances typically
require a long time and sophisticated technical effort, it is practical to have
multiple test laboratories accredited to conduct the specified tests and partici-
pate in the standards compliance process.
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randomly from the point of sale or distribution as, for example, Australia
does [54]. As testing is completed to certify the compliance of various
products, the regulatory body registers the products in a database, which
consumers can use to identify compliant options. Variations on this
approach include relying on self-certification by manufacturers (e.g., as
done in the EU) and helping manufacturers self-certify based on pre-
scribed rules and industry-sponsored third-party certification schemes
(e.g., as done in the United States) [27,41].

We make the following recommendations for establishing product
certification and registration systems in case efficiency-improvement
activities are funded in parallel with refrigerant-transition activities
funded under the Montreal Protocol.

i. Implement product databases that include information on energy effi-
ciency and refrigerant (e.g., type, GWP, charge amount) as well as related
standards for installation, service, recycling or disposal, and building
codes.

Regardless of differences in approach to certification and registra-
tion, product databases serve as initial gateways for registering
compliant products with regulatory authorities. Integrating information
on energy efficiency, refrigerants, and other relevant issues into one
database is a good starting point for simultaneously advancing the
refrigerant transition and efficiency improvements. For additional detail
on product registration systems, see the U4E Guidance Notes [55-58].

ii. Harmonize databases regionally and allow data sharing

Development and administration of integrated product registration
databases could prove burdensome if undertaken by individual juris-
dictions and regulatory agencies. Harmonizing the efforts across juris-
dictions in a region would reduce this burden. For example, the U4E
Product Registration System development project in Southeast Asia,
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together with the Association of Southeast Asian Nations Centre for
Energy, is helping member states align required system inputs. This
coordination will reduce processing time by manufacturers/suppliers
and allow data to be shared among countries via an application pro-
gramming interface.

4. Infrastructure for testing energy-efficiency performance

Product testing is a key element of the product certification and
registration process (Fig. 3). Test procedures must be repeatable,
reproducible, representative, and enforceable so they can be used reli-
ably to rate product performance [41].

We make the following recommendations for testing energy-
efficiency performance in case efficiency-improvement activities are
funded in parallel with refrigerant-transition activities funded under the
Montreal Protocol.

i. Assess the market before constructing test facilities and ensure these fa-
cilities have adequate revenue to operate.

It is expensive to establish, commission, accredit, and maintain
testing laboratories. A published estimate for a laboratory that can test
three AC units simultaneously suggests a cost of about USD 1-1.5 million
for the first year, including equipment, staff training, and calibration
[26]. Quotes we received from two suppliers suggest a cost of approxi-
mately USD 1 million (for a 10-kW testing capacity) to USD 2 million
(for a 34-kW capacity) for installation of an AC testing laboratory only.’
Refrigeration-testing laboratories use a temperature- and humidity-
controlled room to control environmental and operating conditions.
An estimate for setting up a refrigeration-testing laboratory in Indonesia
that can test three units simultaneously suggests a cost of USD 165000
for the first year, including equipment, staff training, and calibration
[27]. SEAD is a resource that has more detailed information on appli-
ance testing costs by region. However, the costs vary widely by the size
of the equipment to be tested and the level of complexity [60]. In
addition, it is best to engage experts familiar with ISO test laboratory
accreditation and standards when designing a laboratory. Because of the
expense involved, markets must provide a minimum level of business to
sustain such laboratories. A market assessment should be performed
before laboratory construction.

ii. Explore testing collaboration opportunities through mutual recognition
agreements among governments, governments and test laboratories, and
test laboratories in different regions, particularly for smaller economies.

A laboratory for verification testing must be independent and
accredited in accordance with the ISO/International Electrotechnical
Commission (IEC) 17025 standard. It should also be accredited to test
specific products in accordance with energy performance test standards
specified in the MEPS and energy labeling regulations. Accreditation
alone may be insufficient for a test laboratory to produce results that are
consistent with those found by other laboratories with an established
track record. Government agencies must ensure the laboratory has
conducted cross-testing with one or more well-respected international
laboratories. Once repeatable test results are produced within an
acceptable margin of error, the agency can be confident that its labo-
ratory will yield legally enforceable test results [61].

Countries that do not have testing laboratories or need to improve
existing testing facilities can consider other approaches. For example,

9 The calorimeter method of testing AC performance is very accurate and has
a low risk of error but is relatively expensive and time consuming. The air
enthalpy (psychrometric) method is cheaper and quicker but not as accurate
[59]. This method is widely used internationally, because the range of error is
considered acceptable.
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Singapore relies on suppliers’ reporting for registration. The National
Energy Agency selects a random sample of registered goods for verifi-
cation testing. Suppliers of the selected models provide the agency with
samples for testing, which the agency seals at the warehouses. The
agency engages a contractor, under a mutual recognition agreement, to
collect and test the samples locally or abroad, and then it compares the
verification test results against the test reports submitted by suppliers
during registration. If the results are within conformance limit-
s—generally within 10%-15% of the supplier’s declared test result—the
verification testing is complete [61].

Overall, the cost of testing laboratories can be mitigated via mutual
recognition agreements among governments, governments and test
laboratories, and test laboratories in different regions [26,27]. Global
cooling equipment manufacturers often sell their products in multiple
markets, and these products are often tested by laboratories accredited
by national, regional, or international bodies, such as the International
Laboratory Accreditation Cooperation. Authorizing the use of mutual
recognition agreements to accept testing reports from non-domestic
entities reduces the burden of testing on government, importers, man-
ufacturers, and laboratories while simplifying cross-border trade [26].
Such collaboration is particularly relevant for countries with smaller
economies, which are disproportionately burdened by the cost of setting
up domestic laboratories.

iii. Effectively communicate seasonal energy efficiency and distinctions
among various types of cooling equipment, accounting for differences
across regions based on efficiency metrics, climate, and operating
conditions.

The energy-efficiency performance of AC systems has improved over
time, largely owing to the rise of variable-speed (inverter-driven)
products, which now dominate mature AC markets such as Australia,
Europe, Japan, and the United States.'® However, properly measuring
the performance of ACs across different climates, operating conditions,
technology types (e.g., vapor compression or evaporative cooling), and
applications (e.g., residential or commercial) requires seasonal energy-
efficiency ratio (SEER) metrics and corresponding test methods [46].
For example, adopting the ISO cooling seasonal performance factor
(CSPF) metric would improve AC standards and labeling while facili-
tating harmonization with international AC-efficiency efforts
[26,31,62]. As another example, China had been evaluating the energy
performance of fixed-speed room ACs using the energy efficiency ratio
(EER) while evaluating variable-speed room ACs using China’s SEER for
cooling-only products and annual performance factor (APF) for
reversible-type heat pumps. The new MEPS and labels, effective on July
1, 2020, for Chinese room ACs are based on SEER (cooling-only) or APF
(reversible) for both fixed- and variable-speed products [63]. Fig. 4 il-
lustrates the calculation of CSPF under ISO 16358, based on test
methods under ISO 5151.

Evaluating the energy performance of commercial ACs, such as
multi-split systems, is more complex than evaluating the performance of
residential ACs. Efficiency metrics used for commercial ACs may also
differ from those for residential ACs. For evaluating the energy perfor-
mance of multi-split systems, China had been using an integrated part-
load value (IPLV) to set MEPS and labeling requirements. The IPLV
metric for air-cooled multi-split systems is expected to be replaced by
the APF metric to align with the new room AC standards and labels;
water-cooled multi-split systems still use IPLV but with a revised equa-
tion [63].

10 yariable-speed compressors enable an AC unit to respond to changes in
cooling requirements by operating at full or partial loads. This flexibility im-
proves efficiency performance and reduces power consumption compared to
the efficiency performance and power consumption of conventional ACs with
fixed-speed compressors that cycle on and off.
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Fig. 4. Source: Authors’ work based on ISO 16358-1:2013.
Schematic of the ISO 16358 CSPF calculation.
Table 2
Parameters Used To Define Product Categories in Energy-Efficiency Standards of Refrigerating Appliances
Type of Refrigerator/Freezer Climate Classes Built-in or Defrost Ice Maker Size
Freestanding
Refrigerator Refrigerator only, Subtropical (ST), Tropical Freestanding, Manual, Automatic icemaker, For example, a product
refrigerator with freezer (T), Sub-temperate (SN), built-in automatic, partial through-the-door ice category with adjusted
compartment Temperate (T) automatic service volume less than 300 L
Refrigerator- Top-mounted, bottom-
freezer mounted, side-mounted
freezer
Freezer Chest (horizontal),

upright (vertical)
By compartment”

Source: UNEP [48].
2 IEC 62552 defines compartment as an enclosed space within a refrigerating appliance,
consumption requirements in the new EU standard are based on individual compartments.

which is directly accessible through one or more external doors. Energy
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Although the standard for measuring refrigerator performance is
broadly similar across countries, a number of factors can produce vari-
ations in energy consumption values (e.g., kWh/day or kWh/year)
across countries owing to different specifications for ambient tempera-
ture, compartment internal temperature, and additional features in the
test procedure (Table 2). These variations hinder comparison of effi-
ciency across regions [47]. IEC 62552:2015 was developed to harmonize
international residential refrigeration testing and efficiency metrics.
China, the EU, and several other economies have already adopted or are
planning to adopt the IEC 62,552 standard that measures energy con-
sumption at 16 °C and 32 °C, providing improved information on the
likely field performance of refrigerating appliances [47]. Countries can
determine energy consumption requirements at a reference temperature
between 16 °C and 32 °C."!

Commercial refrigeration equipment is complex in type, function,
and test procedures. For example, the ISO 23953:2015 standard for
refrigerated display cabinets — which are designed for storing, display-
ing, and allowing access to chilled or frozen items in a retail environ-
ment - identifies 13 families and 10 shapes of such cabinets. There are
also refrigerated storage (or service) cabinets, which store but do not
display items, and other types of commercial refrigeration equipment
such as refrigerated vending machines and walk-in cold rooms. Table 3
shows categories of refrigerated cabinets summarized from existing
standards.

5. Evaluation, measurement, and verification strategy

Predicted energy savings and emissions reductions from energy-
efficiency programs are not necessarily realized. In fact, actual bene-
fits often fall short of predicted benefits. Financial and human resources
are needed to support EM&V activities to assess program impacts, pro-
cesses, and market effects; most energy-efficiency program evaluations
have focused on impacts [65-67]. Developing a long-term EM&V
strategy at the time of program implementation—with appropriately
planned and sequenced studies — can maximize program success.

We make the following recommendations for establishing an EM&V
strategy in case efficiency-improvement activities are funded in parallel
with refrigerant-transition activities funded under the Montreal

Table 3
Refrigerated Cabinet Categories
Condensing Cabinet Orientation or Closure or Air-
Unit Operating Cabinet Means of Circulation
Location Temperature Configuration Access to Method
Products
Integral Chilled Vertical Open Static
Remote Frozen Horizontal Glass door Forced
(direct, Ice cream” Chest Solid door
indirect) Multi- Semi-vertical Drawer
temperature Multi-deck Combination
Combined
Serve-over
Roll-in

Under-counter
Pass-through
Wall site
Island

Source: MEA et al. [64].
@ Ice cream refers to a specific cabinet operating temperature used in some
regions.

11 For example, the U4E Model Regulation Guidelines and the new EU stan-
dards have the reference temperature of 24°C (performance determined by
measured performance at 16°C and 32°C, i.e., ECy4:c = 0.5 x ECigoc + 0.5 x
EC3y: ¢, where EC; is energy consumption at ambient temperature t).
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Protocol.

i. Regularly monitor compliance rates and potential savings from cooling
equipment to maximize the benefits of compliance-improvement activities.

One important function of a government authority is to regularly
monitor the compliance of products supplied to the market. Govern-
ments can monitor products using different methods during different
phases of the regulatory process [27]:

e Check product documentation for certification or registration in
product registration systems.

e Verify energy-efficiency performance of select products.

e At customs, ensure all documentation for imported products is pro-
vided and meets requirements.

e In stores, check that energy labeling requirements are met.

e Monitor results shared by other economies—consider mutual
recognition agreements.

o Evaluate the impacts of the energy-efficiency standards and labeling
program.

For example, India’s Bureau of Energy Efficiency (BEE) launched a
standards and labeling program for residential appliances in 2006. BEE
started the program as voluntary with four appliances and gradually
expanded it to be mandatory for 23 products, including cooling, light-
ing, and industrial-application products. BEE has continuously
strengthened the program, for example, by improving MEPS for refrig-
erating appliances by 49%-60% and room ACs by 35% — accounting for
76% of the total energy saved and equivalent emissions reduced in all
products covered by the program since inception [68].

Monitoring compliance rates and potential savings helps identify
areas for which focused compliance-improvement activities could
maximize energy savings. Tracking sales-weighted efficiency trends
over time is critical to assessing how well the market is becoming sus-
tainable and energy efficient [52].

ii. Account for direct emissions from refrigerants and indirect emissions from
electricity production and thermal energy.

Quantifying emissions-reduction impacts is the common objective
that many evaluators, regulators, and program administrators consider
under program evaluation. Most energy-efficiency programs calculate
indirect emissions associated with the production of electricity and
thermal energy from fossil fuels. Programs for cooling equipment and
systems that use refrigerants must also account for direct emissions from
those refrigerants [52,69].

iii. Strengthen program design and implementation through process
evaluation.

Process evaluation helps identify areas of weakness in program
design and implementation so these areas can be strengthened [70].
Process evaluation is needed to assess consumer priorities when pur-
chasing an appliance, track consumer awareness, check that product
labels are displayed correctly in retail showrooms, measure adminis-
trative efficiency (e.g., registration times), and verify manufacturer
claims (to maintain program credibility). Process evaluation is also used
to assess the attitudes and behaviors of other key players in the
marketplace, including retailers, manufacturers, policymakers, and
mass media [71,72].
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PROSECUTION

REMOVAL OF PRODUCT
FROM THE MARKET

CORRECTIVE ACTIONS

INFORMAL ACTIONS

Fig. 5. Source: UNEP [27].
Pyramid of escalating enforcement.

iv. Respond appropriately to noncompliance.

Enforcement authorities should consider the degree of noncompli-
ance when addressing cases of noncompliance so they can respond with
proportionate enforcement action, including informal actions, correc-
tive actions, removal of product from the market, sanctions, and pros-
ecution [27]. Many authorities develop an “Enforcement Pyramid”
(Fig. 5) to inform and manage their enforcement response strategies in
accordance with legal requirements, available resources, and program
characteristics.

v. Align EM&V activities with emerging trends and other climate, energy,
and sustainability efforts.

Because of rapid technological and societal changes, EM&V activities
must be continually reevaluated. For example, research has been
uncovering the potential of information and communications technol-
ogies to change how energy-efficiency program administrators conduct
EM&V on their efficiency measures, projects, and programs — forming
the basis of “EM&V 2.0.” Many ACs and other cooling products are now
manufactured to communicate wirelessly with building management
systems and to export information to remote operators through the
Internet. Smart meters, the most visible component of the smart grid,
enable bidirectional communication and load monitoring between
utilities and customers [73]. EM&V 2.0 technologies will help energy-
efficiency programs manage the expected increase in cooling-related
energy consumption by increasing the accuracy and comprehensive-
ness of energy data [73,74]. EM&V 2.0 can also facilitate the non-energy
benefits of high-efficiency cooling equipment - such as increased com-
fort, transmission and distribution loss reduction, benefits to disadvan-
taged communities, and avoidance of rate subsidies — in alignment with
international climate, energy, and sustainability efforts. Ultimately,
regulators will need to adopt a comprehensive method to evaluate en-
ergy efficiency, grid impacts, refrigerants, and climate change activities,
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as well as a unified set of policy rules that enable and encourage utilities
to pursue combined opportunities via a single agreement with
customers.

6. Summary of recommendations

Creating strong connections between cooling energy-efficiency
standards and refrigerant-management programs — and between do-
mestic practices and international obligations—will maximize the ben-
efits of global climate change mitigation programs under the Montreal
Protocol. However, achieving this synergy presents challenges, espe-
cially in countries that lack robust regulatory and technical capacity.
The recommendations in this perspective are meant to help national,
regional, and international communities optimize their investments in
energy-efficiency compliance infrastructures in tandem with the
refrigerant transition. The following is a summary of our
recommendations.

a. Establish appropriate energy-efficiency standards and harmonize
internationally.

i. Implement energy-efficiency standards that consider low-GWP
refrigerants along with improvement of safety standards.

ii. Harmonize national/regional energy-efficiency and test stan-
dards with international standards to help the industry accelerate
the market transition.

Improve links to other policy programs, such as building codes,
incentives, and demand response.

b. Establish an appropriate infrastructure for product certification
and registration.

i. Implement product databases that include information on energy
efficiency and refrigerant (e.g., type, GWP, charge amount) as
well as related standards for installation, service, recycling or
disposal, and building codes.

ii. Harmonize databases regionally and allow data sharing.

iii.
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c. Establish an appropriate infrastructure for testing energy-
efficiency performance.

i. Assess the market before constructing test facilities and ensure
these facilities have adequate revenue to operate.

ii. Explore testing collaboration opportunities through mutual
recognition agreements among governments, governments and
test laboratories, and test laboratories in different regions,
particularly for smaller economies.

iii. Effectively communicate seasonal energy efficiency and distinc-
tions among various types of cooling equipment, accounting for
differences across regions based on efficiency metrics, climate,
and operating conditions.

d. Establish an appropriate EM&V strategy at the time of program
implementation.

i. Regularly monitor compliance rates and potential savings from
cooling equipment to maximize the benefits of compliance-
improvement activities.

ii. Account for direct emissions from refrigerants and indirect
emissions from electricity production and thermal energy.

iii. Strengthen program design and implementation through process
evaluation.

iv. Respond appropriately to noncompliance.

v. Align EM&V activities with emerging trends and other climate,
energy, and sustainability efforts.

Further, it is critical to effectively coordinate with key market actors
and voluntary programs such as those related to procurement and in-
centives. For example, because equipment manufacturers and suppliers
play an important role in product certification and registration, regu-
latory bodies should ensure meaningful engagement with these stake-
holders during efforts to improve compliance systems. Incentive
programs for stimulating high-efficiency appliance purchases can help
achieve additional socio-economic and environmental benefits [75]. In
India, Energy Efficiency Services Limited (EESL) launched its Super-
Efficient Air Conditioning Program through which consumers can buy
high-efficiency ACs at prices comparable to the most efficient ACs on the
market [76]. Award programs can help spur technological innovation
[75]. The Global Cooling Prize, a competition initiated by Rocky
Mountain Institute with India’s Department of Science and Technology,
aims to incentivize innovation in developing a cooling solution with at
least five times less climate impact than standard room ACs on the
market today [77].
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