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INTRODUCTION

BACKGROUND

The ASEAN Centre for Energy (ACE) is an intergovernmental organisation that independently
represents the 10 ASEAN Member States’ (AMS) interests in the energy sector. The Centre serves as a
catalyst for the economic growth and integration of the ASEAN region by initiating and facilitating
multilateral collaborations as well as joint and collective activities on energy. It is guided by a
Governing Council composed of Senior Officials on Energy from each AMS and a representative from
the ASEAN Secretariat as an ex-officio member. Hosted by the Ministry of Energy and Mineral
Resources of Indonesia, ACE office is located in Jakarta.

Part of the efforts to fulfil its function as a regional centre of excellence that builds a coherent,
coordinated, focused and robust energy policy agenda and strategy for ASEAN, ACE conducts joint
studies, policy dialogues and capacity buildings for ASEAN Member States to support the
implementation of the ASEAN Plan of Action for Energy Cooperation (APAEC) 2016-2025.

APAEC 2016 — 2025 is served as the blueprint for enhancing energy connectivity and market
integration in ASEAN to achieve energy security, accessibility, affordability and sustainability for all
AMS. One of the main programme area is Energy Efficiency and Conservation (EE&C). The EE&C
programme area has an outcome-based strategy (OBS) that is to harmonise and promote the energy
efficiency standards and labelling of energy related products, such as air conditioners (ACs).

The project of “Promotion of higher efficient air conditioners in ASEAN through harmonisation of
standards (ISO 16358) and strengthening of market verification and enforcement capabilities (Phase
1)” has a long-term objective to progressively increasing the level of Minimum Energy Performance
Standards (MEPS) and to accelerate the deployment of higher efficiency air conditioners (ACs) in AMS
through the removal of non-tariff barriers to trade and active policy support to AMS. The market
transformation in favor of higher efficient ACs will directly reduce electricity consumption and GHG
emissions from the residential sector in ASEAN.

This long-term objective is directly in line with the objectives of:

e Support the ASEAN Economic Community in the area of barrier removal to trade Under
APAEC 2016 — 2025, AMS to increase energy security, reduce dependency on imported fuels,
reduce emissions of GHGs, reduce energy intensity through greater energy efficiency and
enhanced regional cooperation

e Regional Policy Roadmap to promote higher efficiency ACs, adopted by ASEAN Ministers of
Energy Meeting (AMEM), which indicates that “for fixed speed and inverter-based ACs the
ASEAN countries will report the performance as Energy Efficiency Ratio (EER) or Cooling
Seasonal Performance Factor (CSPF). A common evaluation method namely CSPF using ISO
16358-1 may be considered by 2021”.

To contribute to above mentioned objectives, the Phase | of the Project has three (3) specific
objectives:
1. Adoption of a common evaluation method across AMS to evaluate energy efficiency of both

fixed speed and inverter air conditioners.
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2. Update National and Regional Policy roadmaps to promote higher efficiency air conditioners
and include timetable to increase minimum energy performance standard (MEPS) over time;
and,

3. Reinforce ASEAN capabilities in market verification and enforcement (MV&E).

The specific objectives will be achieved through implementation of the following work packages:

1. Work Package 1: Harmonisation towards a common evaluation standard and to develop
technical recommendation for its adoption in the AMS.
e Formation of the Technical Working Group (TWG).
e Preparation of technical recommendations for the adoption of a common evaluation

method by ASEAN countries.
e Meetings of the Steering Committee
e Technical assistance to ASEAN countries for adoption of harmonised standard in national
legislation

2. Work Package 2: Support to national and regional policy development in the preparation of
the updated Regional Policy Roadmap
e Formation of the Policy Working Group (PWG)
o Conduct detailed study to update the ASEAN Regional Policy Roadmap
e Meetings of the Steering Committee
e Updating of National Policy Roadmaps

3. Work Package 3: Capacity building for testing laboratories including the development of
capacity building programme and round robin testing with recommendations.
e Design of capacity building programme
e Round-Robin Testing (RRT)
e Conduct Capacity Building Training

OBJECTIVES OF THE REPORT

This report summarizes findings from review of the current situations of AC MEPS and market profiles
in AMS through coordination with TWG and PWG members, and proposes draft recommendations to
assist AMS in updating the document on the ASEAN Regional Policy Roadmap for energy efficient ACs.
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CONSIDERATIONS FOR UPDATING THE ROADMAP

ROLE OF HARMONIZED MEPS AND LABELLING REQUIREMENTS

Minimum Energy Performance Standards (MEPS) and energy labels are a great example of best
practices and, if well-designed and implemented, are some of the fastest and most effective
approaches to improve efficiency. Although dozens of countries have MEPS and energy labels, many
are outdated or unenforced. Inadequate MEPS and labels leave countries vulnerable as dumping
grounds for products that cannot be sold elsewhere.

However, there are good examples to follow, such as China has committed to a robust MEPS and
labeling regime for ACs, and a stringent MEPS requirement of China SEER 5.00 for ACs (with capacity
< 4.5 kW), which is translated into ISO CSPF 6.09, went into effect for inverter ACs in 2020 and is
expected to be effective for both fixed-speed and inverter ACs in 2022. This should have significant
impacts on the cost and availability of energy-efficient ACs globally given the size of the domestic and
export markets in China. Other regional harmonization efforts are underway, such as in Southern and
Eastern Africa, which are likewise considering stringent MEPS levels for their markets.

AMS currently rely on intra-ASEAN trade of ACs and also imports from China. AMS should align where
practicable the MEPS and labelling requirements to reduce the complexity and cost of compliance for
manufacturers and alleviate some of the oversight and enforcement challenges for officials.
Consistent approaches across countries helps yield economies of scale for products that save
consumers money on electricity bills, reduce air pollution, mitigate greenhouse gas emissions, and
enable greater electrical grid stability.

CLIMATE BENEFITS OF ENERGY EFFICIENT ACS

U4E has developed Country Savings Assessments (updated as of November 2020) showing the savings
potential of energy-efficient and climate-friendly RACs for AMS. The analysis uses a stock model to
forecast the impacts of implementing policies that improve the energy efficiency of new RACs. This is

a bottom-up approach, in which the potential energy savings are obtained by defining the average
unit energy consumption of new models in different scenarios and estimating the stock and sales of
RACs in the assessment country over time. From this, the financial and environmental savings and
benefits are calculated by using the countries’ macroeconomic indicators and other associated data.

The Assessments include three scenarios have been conducted based on the level of energy efficiency
of products sold on the market:

e Business as Usual or base case scenario — The energy efficiency of the underlying technology
improves at 1 per cent per year. Further, an increasing market share of variable speed
models is assumed to improve overall efficiency at an additional 2% per year until new sales
are entirely from that product type.

e Minimum Ambition Scenario— based on MEPS levels defined in the U4E Model Regulation
Guidelines.
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e High Ambition Scenario— based on the Top-tier performance levels in the U4E Model
Regulation Guidelines.

The results for each ASEAN member states is available on the U4E Website, along with a summary in
Figure 2-1 and Figure 2-2.
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Figure 2-1: ASEAN Savings Potential of Energy-Efficient Air Conditioners (By Scenario)

160
M Brunei Darussalam

140 Lao People's Dem. Rep.

120 Cambodia

B Myanmar
100

Singapore

80 B Malaysia

60 Thailand

M Philippines
40
Viet Nam

20

Annual Savings in Minimum Ambition Scenario
(Twh)

M Indonesia

2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040

Figure 2-2: ASEAN Savings Potential of Energy-Efficient Air Conditioners (Minimum Ambition
Scenario by Country)

Savings by country are also summarized in the table below. Under the minimum ambition scenario,
energy-efficient ACs in ASEAN are estimated offer an annual savings potential of 144 TWh of electricity
consumption by 2040, which is equivalent to 66 power stations with 500 MW generating capacity, and
101 million tonnes of CO..
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Table 2-1: Climate Benefits of Energy-Efficient ACs in 2040
Country Electricity Savings CO- Savings (million
(TWh) tonnes)

. 02
131 8.4
20 0s
211 178
50 15
181 104
275 198
148 101

Note: 1.Source: https://united4efficiency.org/countries/country-assessments/
2. CO2 emission factors come from the IEA and the Institute of Global Environmental Strategies (IGES) and are
assumed constant in future years.

N

.3 CURRENT SITUATIONS OF REGIONAL POLICY ROADMAP
ADOPTION IN ASEAN

ASEAN have more than 0.6 billion people comprising 17% of East Asia and Pacific GDP. Based on
surveys conducted by the national statistic office in each AMS, it is estimated that there are more than
30 million residential AC units in ASEAN. The International Energy Agency (IEA) forecasts that number
of room ACs (RACs) will reach 300 million by 2040%. In 2012, with grant from the European Union’s
SWITCH-Asia program (1.7 million EURO), the ASEAN-SHINE program was established as the public-
private collaboration platform to implement the complete strategic framework for air conditioners.
The implementation was supported by EE&C-SSN and ACE, and it led to the adoption of “ASEAN
Regional Policy Roadmap for Harmonisation of Energy Performance Standards for Air Conditioners”
by 33 ASEAN Ministers of Energy Meeting (AMEM) in October 2015. Note that the ASEAN-SHINE
program for ACs targeted all AMS, except Brunei Darussalam and Singapore.

The Regional Policy Roadmap laid out the recommendations for harmonization of testing and energy
performance evaluation standards for RACs to ISO 5151 and ISO 16358, and the timeline for
enforcement of MEPS for RACs, as well as for actions to strengthen testing infrastructures and
reporting mechanisms. Details of each key component under the Regional Policy Roadmap for ACs
endorsed by AMEM in 2015 are briefly summarized below.

11EA 2019, Future of Cooling in Southeast Asia, https://www.iea.org/reports/the-future-of-cooling-in-southeast-asia
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1) Component 1: Harmonization of Testing Methods - A uniform test method derived from ISO
5151:2010 is to be adopted and notified by 2016, with the exception of Cambodia, Lao PDR
and Myanmar (as Tier 2 countries) to be adopted and notified by 2018. In addition, taking
into consideration metrics to measure part-load energy performance, and any revision to
ISO 5151:2010 in the future.

2) Component 2: Harmonization of Evaluation Method - For fixed speed and inverter based
ACs the ASEAN countries will report the performance as EER or CSPF. A common evaluation
method namely CSPF using ISO 16358-1 may be considered by 2020.

3) Component 3: Harmonization of MEPS - Notification of a minimum EER (also refers to
weighted EER) of 2.9 W/W or CSPF of 3.08 Wh/Wh by 2020 as mandatory MEPS for all fixed
and variable drive ACs below 3.52kW capacities. The MEPS would be periodically reviewed
and revised at an interval of 5 years or less.

4) Component 4: Testing Infrastructure — An appropriate framework for round robin testing
(RRT) and evaluation process for testing facilities are established by 2020.

5) Component 5: Mutual Recognition Agreements (MRA) — The ASEAN countries would
evaluate feasibility of incorporating energy performance testing into existing MRA
(AHEEERR), or establish new MRAs if necessary by 2020.

6) Component 6: Reporting — By 2020, the ASEAN Center for Energy would establish a regional
product database for collection of production data.

Overall, through supports from the ASEAN-SHINE program for ACs, AMS have made significant
progress in meeting the milestones specified in the Regional Policy Roadmap. Indonesia, Malaysia,
the Philippines, Thailand and Vietnam have already adopted I1SO 5151 and I1SO 16358 as national
standards. Cambodia, Lao PDR and Myanmar have referenced I1SO 5151 and ISO 16358 in draft
regulations for MEPS and labelling for RACs. All AMS have implemented or specified the minimum
EER of 2.9 W/W and ISO CSPF of 3.08 Wh/Wh as MEPS for RACs with cooling capacity below 3.52 kW.
Current status regarding testing method, evaluation method and MEPS for ACs in the eight targeted
AMS under the scope of the ASEAN-SHINE program (except Brunei Darussalam and Singapore) are
shown in Table 2-2.

Table 2-2: Current Status of Testing Method, Evaluation Method and MEPS for ACs in ASEAN SHINE
Countries

Country Harmonization of Harmonization of Harmonization of MEPS -
Testing Method with Evaluation Method a minimum EER of
ISO 5151-2010 by namely CSPF using ISO 2.9W/W or ISO CSPF of

2016 (Tier 1) and 2018 16358-1 3.08W/W by 2020
(Tier 2)

Cambodia Under Consideration Under Consideration Under Consideration (ISO
CSPF of 3.08)
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Country Harmonization of Harmonization of Harmonization of MEPS -
Testing Method with Evaluation Method a minimum EER of
ISO 5151-2010 by namely CSPF using ISO 2.9W/W or ISO CSPF of

2016 (Tier 1) and 2018 16358-1 3.08W/W by 2020
(Tier 2)

Indonesia Adopted in 2015 Adopted in 2018 ISO CSPF of 3.10,
expected to be approved
by 2021

Lao PDR In process. Standard In process. Standard will  1SO CSPF of 3.08 (fixed
will be adopted be adopted together speed) and 3.4 (variable
together with MEPS with MEPS and labeling  speed), expected to be
and labeling regulation. approved by 2021
regulation.

Adopted in 2012 Adopted in 2019 ISO CSPF of 3.10, effective
in 2019

Myanmar In process. Standard In process. Standard will  EER of 2.9 (fixed speed)
will be adopted be adopted together and ISO CSPF of 3.08
together with MEPS with MEPS and labeling  (variable speed),
and labeling regulation. Voluntary in 2021,
regulation. Mandatory in 2022

Philippines Adopted in 2014 Adopted in 2014 ISO CSPF of 3.08, stated in
the approved Minimum
Energy Performance
(MEP) policy in 2020, and
approved as part of the
Implementing Guidelines
of the Philippine Energy
Labeling Program for Air
Conditioners in May 2021.

LLETETT Adopted in 2016 Adopted in 2016 ISO CSPF of 3.19 (fixed
speed) and 3.9 (variable
speed), expected to be
approved by 2021

Adopted in 2013 Adopted in 2013 ISO CSPF of 3.1, effective
in 2017

Note: The MEPS values shown are for single-split ACs with cooling capacities below 3.52 kW, except in the
Philippines where ISO CSPF of 3.08 is applied to fixed-speed and variable speed window- and split-type ACs with
rated cooling capacity below 3.33 kW. For ACs with rated cooling capacity from 3.33 kW up to 9.99 kW, MEP
shall not be lower than 2.81 ISO CSPF.

Page | 7



2.4 ASEAN REGIONAL PoLicY ROADMAP vS RAC MEPS IN OTHER
ECONOMIES

Policymakers around the world recognize the benefits of energy efficient RACs, and MEPS and labeling
programs for RACs have been implemented for decades. However, most of these energy efficient RAC
programs have been designed to estimate RAC performance under different climatic conditions, and
different climate-specific energy efficiency metrics have been adopted. Lawrence Berkeley National
Laboratory (LBNL) recently published a paper? proposing relationships among the RAC efficiency
performance metrics of different regions - including China, the EU, India, Japan, South Korea, and the
US — and ISO CSPF which is being adopted by ASEAN member states.

Table 2-3 summarizes national/regional RAC MEPS requirements, and those converted into the I1SO
CSPF metric. The LBNL paper notes that these conversion results are only estimates for the initial
comparisons. To validate the performance of a RAC model under metrics/conditions other than those
under which its performance was initially measured, detailed performance data must be collected
under the new metrics/conditions.

As shown in the below table, the ASEAN MEPS requirement effective since 2020 is the least stringent
requirements when compared with other economies. The 2020 ASEAN MEPS is about 10% less
stringent than the RAC MEPS requirements in South Korea which has been effective since 2018. The
ASEAN MEPS will be 20% lower than the RAC MEPS expected to be adopted in India in 2022.

Table 2-3: RAC MEPS Requirements in Major Economies

Economy Efficiency Metric National/Regional MEPS ISO CSPF MEPS -
(Year Effective) Estimated Conversion
from National/Regional
MEPS

ISEER 3.50 (2022) 3.79

pan T 4,50 (2010) 4.68

China SEER 5.00 (2022) 6.09
Korea CSPF 3.15 (2018) 3.44

_ EU SEER 4.60 (2014) 4.48
m U.S. SEER 4.10 (2015) 4.01
m ISO CSPF 3.08 (2020) 3.08

Source: Lost in translation: Overcoming divergent seasonal performance metrics to strengthen air conditioner energy-
efficiency policies, LBNL, 2020

Figure 2-3 provides more details in terms of development timeline and stringency of RAC MEPS
requirements in ASEAN and other economies. China recently made significant progress in increasing
stringency of RAC MEPS, and the MEPS requirements of 3.70 and 5.00 China SEER (translated into 4.0

2 Lost in translation: Overcoming divergent seasonal performance metrics to strengthen air conditioner energy-efficiency
policies, LBNL, 2020
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and 6.09 ISO CSPF) have been adopted in 2020 for fixed speed and inverter RACs with CC < 4.5 kW
respectively. In 2022, China plans to combine the MEPS requirements for fixed speed and inverter
RACs with CC £ 4.5 kW into a single requirement of 6.09 ISO CSPF which is also in line with the
recommendation proposed by U4E. Anecdotal reports from China also show the market has moved
significantly with fixed-speed RACs comprising only ~5% of the market in 2021. It is expected that the
cost of inverter ACs will fall significantly with this increase in market adoption in China. It is envisaged
that ISO CSPF of 7.64 of the current best available technology (BAT) in China could be adopted as a
new RAC MEPS in 2025 (Phadke at al. 2020).

ASEAN Regional Policy Roadmap

(2015)
8
. China BAT (2019) could be
China BAT (2019
I;rgCSPF(7.64 ) . b "O adopted as a new MEPS in 2025.
7 Ching 2022 (Fixed Speed &
Inyerter Cooling only) y4£ pModel regulation 2023
T ISO CSPF 6.09 ISO CSPF 6.1, CC<4.5kW
§ 6 1SO CSPF 6.09 Q' """ @ .
cc<askw 4
~
2
= 5
c Japan MEPS (2010)
Q . ISO CSPF 4.68 China Fixed speed,
g ISO CSPF 4.0 Rwanda (2021,
= €C<4.5kW draft) RSEER 3.8
5 4 © @ -
o Korea MEPS (2013' . O
$ ISO CSPF 3.44
% 3 [ hemmssasnsnnnnnnannnns »D
o ASEAN MEPS 1SO ASEAN MEPS (2020), ISO
(@] CSPF 3.08 Approved CSPF3.08, CC<3.52 kW
[72]
= 2
1
APAEC2016 - 2025
0 |
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Source: IIEC’s work based on Park et al. (2020) and Phadke et al. (2020)

Figure 2-3: Comparison of RAC MEPS Development in China and Other Economies

BEST AVAILABLE AND EMERGING RAC TECHNOLOGIES

According to Park et al. (2017) and Park et al. (2020), which explored efficiency of room AC models
available in several economies, room ACs that surpass the highest efficiency levels recognized by
labeling programs are available in most regions and worldwide, as shown in Figure 2-4. This suggests
considerable opportunity to strengthen this and related market transformation programs. The most
efficient room AC models, found in 0.75 Refrigeration Ton (RT) cooling capacity which is equivalent to
9,000 BTU/hr or about 2.6 kW, are estimated to achieve an ISO CSPF of greater than 10.

In 2019, the Government of India and Rocky Mountain Institute launched the Global Cooling Prize, an
international innovation competition to develop super-efficient and climate-friendly residential
cooling solutions for homes. The Prize target was set at a climate impact (including indirect emissions
from energy consumption) of five-times lower than the market average. The winning technologies
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which applied to 1.5 RT prototypes are assessed to exceed an India SEER (ISEER) of greater than ~7.3
(translated into ISO CSPF ~10).

However, it is important to note that the current test standards do not fully reflect the energy
consumption reduction of the winning technologies, recognizing two-thirds of weighted energy
reduction compared with the baseline (Kalanki et al. 2021). This is partly because the advanced
technologies yet to be commercialized include hybrid designs with vapor compression and
evaporative cooling beyond the conventional vapor-compression technology.

@ Most stringent label TOMEPS ¢ Efficiency of most efficient model in each country
10

<
° <
8
< R o
Iﬁl: <
3
o 6
0]
£
>
2
0 4
[&]
£
L
2
0
Japan China  South Korea  India Indonesia Singapore  Thailand

Source: Park et al. 2021

Figure 2-4: Efficiency of Best Available Technology in selected Asian Countries

ASEAN MARKET READINESS ASSESSMENT

RAC Markets in ASEAN

The total annual RAC market size in ASEAN grew from about 6 million units in 2013 to about 8 million
units in 2018 (see Figure 2-5). Indonesia has the largest RAC market in the region, with almost 2.3
million units, followed by Vietnam (1.9 million units) and Thailand (1.3 million units) in 2018. The
compound annual growth rate (CAGR) of the regional RAC demand from 2013 to 2018 was about 6%.
Among the nine ASEAN member states, the RAC market in Vietnam was the best performer in terms
of market growth from 2013 to 2018, with the CAGR of about 15%. The second and third best
performers during the same period were Myanmar (12% CAGR) and the Philippines (7.5% CAGR). The
RAC market growth in other ASEAN member states were below the regional average of 6% CAGR.
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Additional data is presented in Section 2.4.6 on savings opportunity of energy-efficient air
conditioners.

9,000,000
8,000,000
7,000,000
6,000,000
5,000,000
4,000,000
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Room AC Demand (units)

2,000,000

1,000,000

0
2013 2014 2015 2016 2017 2018

M Lao PDR W Cambodia* Indonesia W Malaysia Myanmar

M Philippines Singapore** M Thailand W Vietnam

Source: (1) World Air Conditioner Demand by Region, (JRAIA, June 2019), the JRAIA data used for Indonesia, Lao
PDR, Malaysia, Myanmar, Philippines, and Thailand
* Development of S&L Program in Cambodia for Air Conditioners and Refrigerator, (ADB, 2020)
** Overall demand volume of air conditioners in Singapore for 2013-2017 (Statista, 2020). 2018 data is
based on the internal survey conducted by NEA, Singapore.

Figure 2-5: Annual Demand of Room AC in ASEAN, 2013 - 2018

2.6.2 Availability of RAC Data for Assessment

Macro- and micro-level impacts on supply- (manufacturers and importers) and demand-side
(consumers in different end-use sectors) due to more stringent MEPS and labeling requirements in
each ASEAN member country and the whole region need to be well understood by ASEAN policy
makers. These impacts would include but not necessarily limited to energy savings, incremental
purchasing cost, lifecycle cost, cost/benefit ratio, production capacity, and production cost.

Data on RACs available and sold as well as stock of RACs in each ASEAN member country are necessary
for the meaningful analysis. However, in-country data collections have been virtually impossible due
to various restrictions imposed during the COVID-19 pandemic since the early 2020. Considering this,
all data analyzed in this report is largely based on feedback from AMS and internet-based resources
(such as e-Commerce websites), see Table 2-4.
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Country Sources

Cambodia Market Survey

Certified RAC
Models (MEMR,
2020)

Indonesia

Certified RAC
Models (Energy
Commission, 2020)

Malaysia

e-Commerce
Websites

Myanmar

Certified RAC
Models (DOE, 2020)

Philippines

Singapore Energy Labeling
Scheme Database

(NEA, 2020)

Thailand No. 5 Energy Label
Database (EGAT,
2020)

Vietnam CLASP Report (2019)

Note:

Table 2-4: Summary of Data Sources for AC Efficiency Data in AMS

Models Analyzed

20 RAC models (fixed speed
and inverter)

1004 certified RAC models
(fixed speed and inverter)

304 certified RAC models
(fixed speed and inverter)

97 RAC models (fixed speed
and inverter)

2,455 certified RAC models (
window- and split-type)

434 certified RAC models
(fixed speed and inverter
models of single, multi-split,
window and casement)

4,238 certified RAC models
(fixed speed and inverter)

1,805 RAC models (fixed
speed and inverter) see Note 2

Efficiency Data
EER

EER

ISO CSPF

EER and ISO CSPF

EER

WCOP (WEER) seeNote

ISO CSPF

EER and ISO CSPF

1 Weighted COP (WCOP) or WEER used in Singapore is converted into ISO CSPF using a regression linear relationship
CSPF =1.192 x WEER + 0.311 with the ISO temperature bin hours (Park et al. 2020).

2 Detailed efficiency data of 1,805 RAC models is not accessible by the project team, and analysis in this report
concerning RAC efficiency data is based the Vietnam Room Air Conditioner Market Assessment and Policy Options
Analysis report published by CLASP in June 2019.

8,630 models of window- and split-type RACs in all the eight AMS (except Vietnam) shown in the above
table were evaluated. About 34% of which (2,942 models) fall under the current scope of ASEAN
regional MEPS (cooling capacity below 3.52 kW) and subject to the MEPS requirement of ISO CSPF
3.08. It should be noted that certified AC models in the Philippines reported their energy performance
in EER, and these EER efficiency values are only compared against the ASEAN SHINE MEPS requirement

of 2.9 W/W.
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2.6.3 Type and Efficiency of RACs in ASEAN

RAC markets in AMS are virtually dominated by split-type RACs, except in the Philippines where
window-type RACs are still dominant. In 2015, fixed speed RACs were estimated to account for about
75% of the whole regional demand. Although data on annual sale volumes of inverter RACs is not
available, % shares of fixed speed and inverter RAC models in AMS can be used as the indicators to
show the increased popularity of inverter RACs in ASEAN. As shown in Figure 2-6, except in Indonesia
and Myanmar, % shares of inverter RAC models are equivalent to or more than 50% of the total RAC
models available to consumers. Note that these % shares do not represent the actual sales, but the
greater availability of inverter RACs could be the reflection of consumers’ demand of inverter RACs.

100% %
90
80
70
60
50
40
30
20
10

0%

Indonesia Malaysia  Philippines - Philippines - Singapore Thailand Vietnam Myanmar

X X X X X & X ¥

Market Share (%) by RAC model

X

(2020) (2020) Split Type Window (2020) (2020) (2019) (2020)
(2019) (2019)
m % Inverter m % Fixed Speed

Figure 2-6: % Market Shares of Fixed Speed and Inverter RACs in seven ASEAN Member States

Cooling capacities (CC) of RACs compiled from various resources shown in Table 2-4 range from as
small as 1.1 kW (about 3,800 Btu/hr) up to 25 kW (about 85,000 Btu/hr). Figure 2-7 shows efficiency
values of all RACs compiled in CSPF (except in the Philippines where RAC efficiencies are reported in
EER). It can be seen that majority of efficiency data appear to be between 1.1 kW and 12 kW, and
12kW reflects the largest cooling capacity of RACs certified under the Thai No.5 Energy Labeling
program. There is a great variation of reported efficiency values of RACs in ASEAN, and, for about 2.6
kW RACs, reported ISO CSPF efficiency values range from as low as 2.54 Wh/Wh for fixed speed RACs
to more than 8 Wh/Wh for inverter RACs.
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Figure 2-7: AC Efficiency Data in Indonesia, Malaysia, Thailand and Singapore

2.6.4 Availability of Energy Efficient RACs at Regional Level

Assessment of availability of energy efficient RACs in ASEAN focused on Indonesia, Malaysia,
Singapore and Thailand where substantial RAC efficiency data in ISO CSPF can be obtained. Of the
total 5,963 RAC models compiled in these four countries, 1,297 fall under the scope of the regional
roadmap (CC < 3.52 kW). The table below summarizes number of these <3.52 kW RAC models meeting
or more efficient than the current ASEAN Regional MEPS of ISO CPSF 3.08. Of 1,297 RAC models, 96%
(1,248 models) pass the current ASEAN Regional MEPS requirement. The assessment also applied
higher efficiency thresholds of 20%, 50% and 98% more efficient than the current ASEAN Regional
MEPS, and found that about 8% of current RAC models with CC < 3.52 kW available in these four
countries (about 100 models) are already more efficient than the Chinese MEPS requirements of 1SO
CSPF 6.09.

Table 2-5: Number of RAC Models with CC<3.52 kW in ASEAN under Different Efficiency
Requirement Scenarios

No. of Model/ RAC Efficiency
Threshold

No. of Models Meeting/
Exceeding Efficiency Threshold
% of 1,297 Models with CC
<3.52 kW see Note 1

2020 ASEAN
MEPS (ISO
CSPF of 3.08)

1,248

96%

20% More
Efficient
Than ASEAN
MEPS (ISO
CSPF of 3.7)

50% More
Efficient
Than ASEAN
MEPS (ISO
CSPF of 4.6)

98% More
Efficient Than
ASEAN MEPS

(1SO CSPF of
6.09)
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Note: 1Include only RAC models in Indonesia, Malaysia, Singapore and Thailand where reported efficiency values are in or
can be converted into I1SO CSPF.

Data gathered from various sources have confirmed that popular CC in ASEAN member countries
range from 1.3 kW up to 3.6 kW. Considering this, the current scope of the regional roadmap, which
includes RACs below 3.52 kW, do not cover some popular RAC models in the region. The U4E model
regulation for RACs proposes three categories for RAC cooling capacities for MEPS and labeling
requirements, and the small RAC category includes RACs with CC up to 4.5 kW. The other two
categories include 4.5 kW < CC £ 9.5 kW, and 9.5 kW < CC < 16 kW (see Table 2-6). The small cooling
capacity category (CC < 4.5 kW) may be considered as an extended scope for the regional roadmap as
it will cover all popular cooling capacities in the region, and also in line with the MEPS and labeling
program in China.

Table 2-6: U4E Model Regulation Labeling Requirements (ISO 16358 temperature bin hours)

Cooling Capacity Category Low Efficiency Intermediate High Efficiency
Efficiency
CC<4.5kw 6.10<CSPF<7.00 7.10<CSPF<8.00 CSPF > 8.00
4.5 kW < CC £9.5 kW 5.10<CSPF<6.40 @ 6.40<CSPF<7.60 CSPF > 7.60
9.5 kW < CC £ 16.0 kW 450<CSPF<5.80 5.80<CSPF<7.10 CSPF>7.10

With an extended scope up to 4.5 kW, 2,134 of 5,963 RAC models (or about 36%) will be included in
the scope of the regional roadmap. Table 2-7 summarizes numbers of RAC models with efficiency
thresholds of ISO CSPF 3.08, as well as 20%, 50% and 98% more efficient than 3.08 applied. It is found
that about 10% of current RAC models with CC < 4.5 kW available in these four countries (about 200
models) are already more efficient than the Chinese MEPS requirements of ISO CSPF 6.09.

Table 2-7: Number of RAC Models with CC<4.5 kW in ASEAN under Different Efficiency
Requirement Scenarios

No. of Model/ RAC Efficiency 2020 ASEAN 20% More 50% More 98% More
Threshold MEPS (ISO Efficient Efficient Efficient Than
CSPFof3.08) Than ASEAN Than ASEAN  ASEAN MEPS
MEPS (ISO MEPS (ISO (ISO CSPF of
CSPFof3.7) CSPF of 4.6) 6.09)

No. of Models Meeting/
Exceeding Efficiency Threshold LI 1,670

% of 2,134 Models with CC <4.5 98% 78% 42% 10%
o 0o 0o ()

889 207

kW see Note 1

Note: 1 Include only RAC models in Indonesia, Malaysia, Singapore and Thailand where reported efficiency values are in or
can be converted into ISO CSPF.
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2.6.5 Availability of Energy Efficient RACs at National Level

Analysis of availability of energy efficient RACs at the national level in this report focuses on AMS
where substantial RAC efficiency data is accessible, and these AMS include Indonesia, Malaysia, the
Philippines, Singapore and Thailand. Findings from the national level analysis in each AMS are
described in this section.

2.6.5.1 Indonesia
RAC Market Profiles

It is estimated that Indonesia has about 69 million household nationwide with the electrification rate
of 98.5% (the World Bank, 2018). According to the recent residential end-use survey conducted by
CLASP in 20203 only about 5% of Indonesian households own RACs, and the RAC stock in the
residential sector is estimated at about 4 million units. JRAIA estimated the annual sales of RACs in
Indonesia at about 2.25 million units in 2018. However, manufacturers estimated a higher sale volume
of 2.6 million units in 2018 and 2.7 million units in 2019%. High annual sale volumes in comparison
with the residential stock could indicate an extensive utilization of RACs in non-residential sectors in
Indonesia.

Based on the certified RAC database maintained by the Ministry of Energy and Mineral Resources
(MEMR), about 72% of the certified models in 2020 were fixed speed models, and majority of these
certified models are imported (84%), as shown in Figure 2-8.

Figure 2-8: Types and Origin of Certified RAC Models in Indonesia

Figure 2-9 provides breakdown of local production and import by RAC compressor technology, and
7% of 280 certified inverter models and 20% of 708 certified fixed speed models are locally produced
in Indonesia.

3 Indonesia Residential End Use Survey, Final Report, CLASP, June 2020.

4 Accelerating the Transition to More Energy Efficient Air Conditioners in Indonesia, LBNL, December 2019
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Certified Inverter RAC: 280 Models Certified Fixed Speed RAC: 708 Models

Figure 2-9: Origin of Certified Inverter and Fixed Speed RAC Models in Indonesia

Data on annual sales by different types and sizes of RACs is not available. However, a study conducted
by LBNL in 2019 mentions that, at the time of the study, 8% of the overall market in Indonesia is made
up of inverter, while 92% is non-inverter. A more recent residential end-use survey conducted by
CLASP in 2020° reveals that small split-type RACs with cooling capacities of about 1.3 kW (about 4,500
Btu/hr), 2 kW (about 7,000 Btu/hr) and 2.6 kW (about 9,000 Btu/hr) are the most popular choices
among Indonesian households. The CLASP 2020 study also reported the combined household
ownership rate of these three popular cooling capacities at 89%, comprising 57% for 1.3 kW, 10% for
2 kW, and 22% for 2.6 kW. % share of small RACs in the total certified RAC models in 2020 also
accounts for the largest share of 45%, as shown in the below figure.

6.0<CC=8.0
k =,
%

CC=2.6kW
45%

4.5<CC=6.0
kw ]
18%

26<CC<45
wo
30%

Figure 2-10: Cooling Capacities of Certified RAC Models in Indonesia

5 Indonesia Residential End Use Survey, Final Report, CLASP, June 2020.
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Distribution of Model Efficiencies

About 84% of the certified RAC models in 2020 meet the most efficient star rating requirement under
the current MEPS and labeling regulation in Indonesia (MEMR Regulation No. 57/2017), as shown in
Figure 2-11.

S
(CSPF=3.24)

Three Stars . M Inverter
(3.1<CSPF<3.24)

Two Stars .
(2.8=CSPF<3.1)

One Star }/
(2.65<CSPF<2.8) ~I°

B Fixed Speed

Current Label Rating (MEMR 57/2017)

0% 20% 40% 60% 80% 100%

Figure 2-11: Efficiency Distribution of 2020 Certified RAC Models by Current Star Rating

MEMR is well aware of the need to increase Indonesia’s RAC energy efficiency requirements, and the
new MEPS and labeling regulation, expected to be approved by 2021, has proposed more stringent
requirements for both MEPS and star levels. Under the new regulation, the MEPS level for RACs in
Indonesia will be at ISO CSPF of 3.1 which will be slightly more stringent than the ASEAN SHINE MEPS
level of 3.08. The new regulation will also adopt five-star rating scales, and the current three-star
rating will become only one-star rating under the new scale, as shown in Table 2-8. However, even
with this new regulation, almost half of the market will be above the three-star level indicating the
need to further revise the MEPS and star rating level (see Figure 2-12).

Table 2-8: MEPS and Labelling Requirements for RACs in Indonesia

Star Rating MEMR Regulation No. 57/2017 New Star Rating

Requirements (est. 2021)
One Star (MEPS) 2.65<CSPF<2.8 3.1<CSPF<3.4
2 8<CSPF<3.1 3.4<CSPF<3.8
3.1<CSPF<3.24 3.8<CSPF<4.2
[ FourStar | CSPF23.24 4.25CSPF<5

N/A CSPF>5.0
Source: Presentation on Standards and Labelling by MEMR, Policy Working Group Meeting, July 2020
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Figure 2-12: Efficiency Distribution of 2020 Certified RAC Models by New Star Rating

Availability of Energy Efficient RACs in Indonesia

Efficiency data of 2020 certified models in Indonesia is reported in EER in accordance with the MEMR
Regulation No. 57/2017. Of the total 1,004 certified models, there are 16 models (13 fixed speed and
3 inverter models) of which full load cooling capacity and power consumption values are not in line
with the reported EER. Therefore these 16 models were excluded from the analysis, leaving 988
certified models for evaluation of compliant models in Indonesia.

To enable a comparison with ISO CSPF MEPS levels, fixed speed EER values and weighted EER of
inverter RACs were converted to ISO CSPF®, and plotted against the three MEPS levels, i.e., 1) the
proposed new Indonesian MEPS of 3.1 ISO CSPF; the potential 20% more stringent ASEAN MEPS of 3.7
ISO CSPF; and the Chinese 2022 MEPS of 6.09 ISO CSPF, as shown in Figure 2-13.

6 Fixed speed EER is converted to ISO CSPF by multiplying a factor of 1.064, and weighted EER for inverter RACs used in
Indonesia is converted into ISO CSPF using a regression linear relationship CSPF = 1.192 x WEER + 0.311 with the ISO
temperature bin hours (Park et al. 2020).
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Figure 2-13: Distribution of Efficiencies of Certified RAC Models in Indonesia against different MEPS
Requirements

Itis clearly shown in Figure 2-13 that the proposed new Indonesian MEPS will have limited impacts on
the availability of compliant models in the Indonesian market. Basically, the new Indonesian MEPS
will only remove some fixed speed models from the market.

Of the certified 988 RAC models in 2020, 680 models fall under the scope of the regional roadmap (CC
below 3.52 kW). The table below summarizes how many certified AC models with CC<3.52 kW
currently available in Indonesia would meet the current ASEAN Regional MEPS requirement of 1SO
CSPF 3.08 , and more stringent MEPS requirements at 20%, 50% and 98% higher than the ASEAN
Regional MEPS. Of 680 models with CC<3.52kW, 93% (633 models) pass the current ASEAN Regional
MEPS requirement. Applying higher efficiency thresholds of 20%, 50% and 98% more efficient than
the current ASEAN Regional MEPS found that 45% of current RAC models with CC < 3.52 kW already
have ISO CSPF efficiency value higher than 3.7. There are also 22 RAC models which are more efficient
than the Chinese MEPS requirements of ISO CSPF 6.09.

Table 2-9: Number of RAC Models with CC<3.52 kW in Indonesia under Different Efficiency
Requirement Scenarios

No. of Model/ RAC Efficiency 2020 ASEAN 20% More 50% More 98% More
Threshold MEPS (ISO Efficient Efficient Efficient Than
CSPF of 3.08) Than ASEAN Than ASEAN  ASEAN MEPS

No. of Models Meeting/
Exceeding Efficiency Threshold

MEPS (ISO  MEPS (ISO  (ISO CSPF of
CSPFof3.7)  CSPF of 4.6) 6.09)
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No. of Model/ RAC Efficiency 2020 ASEAN 20% More 50% More 98% More
Threshold MEPS (ISO Efficient Efficient Efficient Than
CSPF of 3.08) Than ASEAN Than ASEAN  ASEAN MEPS

MEPS (ISO  MEPS (ISO  (ISO CSPF of
CSPFof3.7)  CSPF of 4.6) 6.09)

% of 680 Models with CC <3.52
kw

With an extended scope up to 4.5 kW, 743 of 988 RAC models (or about 75%) will be included in the
scope of the regional roadmap. Table 2-7 summarizes numbers of RAC models with efficiency
thresholds of ISO CSPF 3.08, as well as 20%, 50% and 98% more efficient than 3.08 applied. It is found
that, with an extended scope, availability of more energy efficient RACs in Indonesia increases. 47%
of current models with CC < 4.5 kW have ISO CSPF efficiency values higher than 3.7, and 25 RAC models
are already more efficient than the Chinese MEPS requirements of ISO CSPF 6.09.

Table 2-10: Number of RAC Models with CC<4.5 kW in Indonesia under Different Efficiency
Requirement Scenarios

No. of Model/ RAC Efficiency 2020 ASEAN 20% More 50% More 98% More
Threshold MEPS (ISO Efficient Efficient Efficient Than
CSPF of 3.08) Than ASEAN Than ASEAN  ASEAN MEPS

MEPS (ISO MEPS (ISO (1SO CSPF of
No. of Models Meeting/
Exceeding Efficiency Threshold

% of 743 Models with CC <4.5
kw

CSPF of 3.7)  CSPF of 4.6) 6.09)

2.6.5.2 Malaysia
RAC Market Profiles

According to the Department of Statistics Malaysia (DOSM), Malaysia has about 8 million households,
and the household ownership rate of RACs was about 54% in 20197, There is no available information
on the current stock of RACs in Malaysia, but the household RAC ownership rate suggests that the
residential RAC stock is more than 4 million units. JRAIA estimated the annual sales of RACs in
Indonesia at about 914,000 units in 2018. Based on the certified RAC database maintained by the
Energy Commission, inverter RACs appear to be more popular in Malaysia than fixed speed RACs, and
inverter models account for about 58% of the total RAC models in the database. Note that cooling
capacities of RACs in the certified database include those beyond the scope of the MEPS and labeling
program for RACs in Malaysia, i.e., CC > 7.1 kW.

7 Household Income & Basic Amenities Survey Report 2019, Department of Statistics Malaysia
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Figure 2-14: Types of Certified RAC Models in Malaysia

Analysis of RAC models in the certified database shows that small split-type RACs with CC about 2.6
kW (about 9,000 Btu/hr) appear to be the most popular CC in Malaysia. In fact, RACs with CC < 4.5
kW account for about 71% of the total certified models in Malaysia (see Figure 2-15).
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Figure 2-15: Cooling Capacities of Certified RAC Models in Malaysia

Distribution of Model Efficiencies

Of 304 certified RAC models, there are 213 models under the scope of the Malaysian mandatory MEPS
and labeling program, and about 40% of these certified RAC models with CC < 7.1 kW are rated at
three-star rating. Note that no fixed speed models are able to meet the requirements for four- and
five-star ratings, i.e., ISO CSPF > 4.6 for CC < 4.5 kW, and ISO CSPF > 4 for 4.5 kW < CC < 7.1 kW.
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Figure 2-16: Efficiency Distribution by Star Rating of 213 Certified RAC Models in Malaysia
Availability of Energy Efficient RACs in Malaysia

The RAC database in Malaysia provides efficiency data in ISO CSPF, and these data were plotted against
the three MEPS levels, i.e., 1) the current Malaysian MEPS of 3.1 and 2.9 ISO CSPF; 2) the potential
20% more stringent ASEAN MEPS of 3.7 ISO CSPF; and 3) the Chinese 2022 MEPS of 6.09 ISO CSPF, as
shown in Figure 2-17.
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Figure 2-17: Distribution of Efficiencies of Certified RAC Models in Malaysia against different MEPS
Requirements
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It is clearly shown in Figure 2-17 that a more stringent MEPS of 20% higher than the current ASEAN
regional roadmap of 3.08 ISO CSPF will remove most of fixed speed models from the market, except
those outside the scope of MEPS.

Of the 304 RAC models provided by the Energy Commission, 96 models fall under the scope of the
regional roadmap (CC below 3.52 kW). The table below summarizes how many certified AC models
with CC<3.52 kW currently available in Malaysia would meet the current ASEAN Regional MEPS
requirement of ISO CSPF 3.08 , and more stringent MEPS requirements at 20%, 50% and 98% higher
than the ASEAN Regional MEPS. Of 96 models with CC<3.52kW, 98% (94 models) pass the current
ASEAN Regional MEPS requirement. Applying higher efficiency thresholds of 20%, 50% and 98% more
efficient than the current ASEAN Regional MEPS found that 50% of current RAC models with CC < 3.52
kW already have I1SO CSPF efficiency value higher than 3.7. There are only 2 RAC models with CC below
3.52 kW which are more efficient than the Chinese MEPS requirements of ISO CSPF 6.09.

Table 2-11: Number of RAC Models with CC<3.52 kW in Malaysia under Different Efficiency
Requirement Scenarios

No. of Model/ RAC Efficiency 2020 ASEAN 20% More 50% More 98% More
Threshold MEPS (ISO Efficient Efficient Efficient Than
CSPF of 3.08) Than ASEAN Than ASEAN  ASEAN MEPS

MEPS (ISO MEPS (1SO (1SO CSPF of
No. of Models Meeting/
Exceeding Efficiency Threshold

CSPF of 3.7) CSPF of 4.6) 6.09)
% of 98 Models with CC <3.52

kW

With an extended scope up to 4.5 kW, 119 of 304 RAC models will be included in the scope of the
regional roadmap. Table 2-12 summarizes numbers of RAC models with efficiency thresholds of ISO
CSPF 3.08, as well as 20%, 50% and 98% more efficient thresholds than 3.08 applied. It is found that,
with an extended scope, availability of more energy efficient RACs in Malaysia slightly increases. 50%
of current models with CC < 4.5 kW have ISO CSPF efficiency values higher than 3.7. However only 3
RAC models are already more efficient than the Chinese MEPS requirements of ISO CSPF 6.09.

Table 2-12: Number of RAC Models with CC<4.5 kW in Malaysia under Different Efficiency
Requirement Scenarios

No. of Model/ RAC Efficiency 2020 ASEAN 20% More 50% More 98% More
Threshold MEPS (ISO Efficient Efficient Efficient Than
CSPF of 3.08) Than ASEAN Than ASEAN  ASEAN MEPS

MEPS (ISO MEPS (ISO (1SO CSPF of
No. of Models Meeting/
Exceeding Efficiency Threshold

% of 119 Models with CC <4.5
kw

CSPFof3.7)  CSPF of 4.6) 6.09)
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2.6.5.3 The Philippines
RAC Market Profiles

The most recent data on household ownership of RACs was published ten years ago by the Philippine
Statistics Authority in the 2011 Household Energy Consumption Survey (HECS), and it was reported
that about 9.5% of 21 million households in 2011 owned RACs. JRAIA estimated the annual sales of
RACs in the Philippines at about 872,000 units in 2018. A more recent study report published by CLASP
in 20198 reported a slightly higher annual sale volume of about 917,000 units in 2019. There is no
available statistics on the RAC stock in the Philippines, however a GIZ report published in 2019
estimated a stock of 6 million units for window- and split-type residential RACs®.

Based on the certified RAC database maintained by the Philippine Department of Energy (DOE), about
69% of the certified models in 2020 were window-type RACs, as shown in Figure 2-18. Annual sales
reported by JRAIA are consistent with the % shares of window- and split-type RACs reported by DOE,
and window-type RACs dominate the Philippine market, accounting for about two thirds of the total
annual sale. From 2013 to 2018, % shares of window-type RACs in the total annual sales decrease
slightly, from 67% in 2013 to 65% in 2018.

Figure 2-18: Types of Certified RAC Models in the Philippines

Window RACs appear to be more popular than split-type RACs especially for small cooling capacities,
and window RACs with cooling capacities below or equivalent to 2.6 kW account for about 41% of the
total 2,455 certified models in 2020.

8 Philippines Room Air Conditioner Market Assessment and Policy Options Analysis, CLASP, January 2019.

9 Refrigeration and Air Conditioning Greenhouse Gas Inventory for the Philippines, GIZ, July 2019
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Figure 2-19: Types of Certified RAC Models in the Philippines by Cooling Capacity

DOE’s certified RAC database does not provide information on compressor technology, i.e., fixed
speed or inverter, for each certified RAC. However, the surveys conducted by CLASP in 2018 (see
Figure 2-20) revealed that 78% of split-type RACs in the Philippines are inverter RACs, while majority
of window-type RACs (87%) are fixed speed RACs.
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Source: Philippines Room Air Conditioner Market Assessment and Policy Options Analysis, CLASP, January 2019

Figure 2-20: Compressor Technologies and Refrigerant used by RACs in the Philippines
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Distribution of Model Efficiencies

DOE and the Department of Trade and Industry - Bureau of Philippine Standards (DTI-BPS) have
adopted MEPS and implemented a labeling system under the Philippine Energy Standard and Labeling
Program since 1991. The Philippines has also adopted the Cooling Seasonal Performance Factor (CSPF)
rating standard in October 2014 (as PNS/ISO16358-1:2014). However, the 1991 Energy Standard and
Labeling Program is still effective, and certified RAC models are only required to report energy
performance in Energy Efficiency Ratio (EER) metric. The current MEPS requirements for RACs in the
Philippines are set at EER of 2.53 W/W for CC <3.33 kW, and EER of 2.39 W/W for 3.33 kW < CC<10.0
kW.

Following the approval of the Republic Act 11285 (Energy Efficiency and Conservation Act) — 2019, the
new MEPS and labeling requirements for RACs have been developed under the below regulatory
frameworks:

e Implementing Rules and Regulations (IRR) of RA 11285
e DOE DC2020-06-0015 — Philippine Energy Labeling Program (PELP)
e DOE DC2020-06-0016 - Minimum Energy Performance for Products (MEPP)

The abovementioned regulatory documents will harmonize the MEPS and labeling program in the
Philippines with the ASEAN regional roadmap, with the following details:

e Scope: window- and split-type RACs with fixed speed and inverter compressors, and cooling
capacity up to 14 kW. Under the new regulation, the RAC cooling capacity will be expressed
in kW, instead of ki/hr.

e Energy Efficiency Metric: Cooling Seasonal Performance Factor (CSPF) based on ISO 16358.
The current RAC energy efficiency metric in the Philippines is Energy Efficiency Ratio (EER).

e Minimum Energy Efficiency Requirements: Minimum Energy Performance Standards (MEPS)
in the Philippines will be designated as the Minimum Energy Performance for Products
(MEPP), and MEPP values for RACs will be 3.08 ISO CSPF for CC < 3.33 kW, and 2.81 ISO CSPF
for 3.33 kW < CC <£9.99 kW. There is no MEPP requirement for RACs with CC > 10 kW.

e Energy Labeling Requirements: A new energy label design will be of a categorical type with
Energy Efficiency Performance Rating (EEPR) or star ratings (see Table 2-13 for energy rating
requirements for different cooling capacities), and a QR code to access other information (i.e.,
monthly energy consumption, GHG emission, etc.).

Table 2-13: Proposed Energy Labelling Requirements for RACs in the Philippines

Star Rating Cooling Seasonal Performance Factor (CSPF) for Fixed Speed and Variable
Speed

CC<3.33 kW

3.33 kW <CC<9.99 kW 10.00 kW < CC < 14.0 kW

| Onestar | 3.08-3.31 2.81-3.11 <3.11
3.32-3.55 3.12-3.42 3.12-3.42
3.56-3.79 3.43-3.73 3.43-3.73
| Four Stars | 3.80-4.00 3.74-4.00 3.74-4.00
| FiveStars | >4.01 >4.01 >4.01
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Mapping of energy performance of the current certified RAC models in the Philippines with the
proposed star rating requirements is not a straightforward exercise, as it is not possible to convert EER
of inverter RACs to ISO CSPF, and information on compressor technologies is not provided in the
certified RAC database. Considering this, it is recommended that the RAC efficiency mapping against
the new labelling criteria be undertaken after the new product registration in the Philippines is active,
and ISO CSPF data is available.

Availability of Energy Efficient RACs in the Philippines

EER efficiency values of window- and split-type RACs in the Philippines were plotted against the ASEAN
Regional MEPS (EER of 2.9 W/W which is equivalent to ISO CSPF of 3.08 Wh/Wh), as shown in Figure
2-21. The new Philippine MEPS for CC < 3.33 kW will be harmonized with the ASEAN Regional MEPS
(ISO CSPF of 3.08), however, these soon to be adopted ISO CSPF MEPS requirements cannot be plotted
on the EER efficiency axis in Figure 2-21.
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Figure 2-21: Distribution of Efficiencies of Certified RAC Models in the Philippines against ASEAN
Regional MEPS Requirement

Of the total 2,455 RAC models provided by the Philippine DOE, 1,409 models fall under the current
scope of the regional roadmap (CC below 3.52 kW), and 1,744 models are under the extended scope
of regional roadmap (CC < 4.5 kW). The table below summarizes how many certified AC models with
CC < 3.52 kW and CC £ 4.5 kW currently available in the Philippines would meet the current ASEAN
Regional MEPS requirement of EER 2.90 W/W
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Table 2-14: Number of RAC Models in the Philippines meeting ASEAN Regional MEPS

No. of Models/ Cooling Capacity CC <3.52 kW CC<4.5 kw

Total No. of Models 1,409

No. of Models Meeting/ Exceeding 2020 ASEAN 663 849

1,744

MEPS (EER of 2.90 W/W)

% of Total No. of Models 47% 49%

2.6.5.4 Singapore
RAC Market Profiles

Singapore is the only country in the region where high market shares of multi-split units have been
reported. Based on the survey conducted by the National Environment Agency (NEA), the total annual
AC market size in Singapore is about 200,000 units. JRAIA estimated a more conservative annual sales
of RACs at about 114,000 units in 2018, and 52% of which are multi-split units. A small market share
of 2% for window and casement units was also reported in 2018, leaving the market share for split-
units at 46%.

The certified RAC database administered by NEA also shows large percentage shares of single-split
and multi-split models at 56% and 41% respectively. Note that all single-split and multi-split models
are inverter RACs, while window and casement models are fixed speed RACs.

Figure 2-22: Types of Certified RAC Models in Singapore

Analysis of RAC models in the certified database found that popular sizes of RACs in Singapore are
larger than other AMS (see Figure 2-23). RACs with CC between 4.5 kW to 8 kW account for 52% of
the total certified models. While RACs with CC < 4.5 kW which are common in other AMS account for
about 25% of all certified models.
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Figure 2-23: Cooling Capacities of Certified RAC Models in Singapore

Distribution of Model Efficiencies

Singapore has implemented a MEPS and labeling program covering all types of RACs, however
different MEPS and labeling requirements are imposed on different RAC technologies. Basically non-
inverter RACs are subject to less stringent requirements for energy performance than inverter RACs,
as summarized in Table 2-15.
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Table 2-15: Energy Labelling Requirements for RACs in Singapore
_____________________________________________________________________________________________________________________________________________________}

CcoP (W/W) and Standby Power (W)

Type

Casement and window
(Up to 8.8 kw)

Single-split (non-inverter)

Multi-split (non-inverter)

single-split (inverter)?

® COPygos
* Weighted COP?

Multi-split (inverter)?

® COPypom
* Weighted COP®

1 tick

2.90 < COPigon !
< 3.78

N/A

N/A

N/A

N/A

2 ticks

3.78 £ COPigon
< 4.29

3.78 £ COPyoon
< 4,29

3.78 £ COPygon
< 4.29

Weighted COP =
3.78 and
COPygos, = 3.34

Weighted COP =
3.78 and
COPyges, = 3.34

3 ticks

4.29 £ COProom
< 4.86

4.29 <
COPyposy < 4.86

4.29 < COPywom
< 4.86

Weighted COP =
4.29 and
COPypen, = 3.78

Weighted COP =
4.29 and
COPyyes, = 3.78

1COP100% is defined as the ratio of total cooling capacity to effective power input at full load cooling capacity

2 For split (inverter) type air-conditioners, the model shall meet both the minimum COP; s and weighted COP

d Weighted COP = 0.4 x COP1009% + 0.6 x COP5p3%
4N is the number of indoor and outdoor units

3 Standby power is expressed in Watts

4 ticks

COPypow = 4.86

COPyoo = 4.86

COPyoow = 4.86

Weighted COP
= 4.86 and

COPyoos = 4.29

Weighted

COP = 4.86 and

COPyoen, = 4.29

5 ticks

COP1oom =

5.50 and

Standby

power® < 4

COPyom =
5.50
and Standby
power = 4

COPygos, =
5.50 and
Standby
power £ 9 x
N4

Weighted
COP = 5.50,
COPygen, =
4.86 and
Standby
power = 4

Weighted
Cofr = 550,
COP1oom =
4.86 and
Standby
power £ 9 x
N

Source: National Environment Agency (NEA), Singapore, 2021 (https://www.nea.gov.sg/our-services/climate-change-
energy-efficiency/energy-efficiency/household-sector/tick-rating)
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Figure 2-24 summarizes which labeling categories the 434 certified model lie. Majority of RAC models
(38% of 434 models) have two ticks, and most single split units are in this rating category. Majority of
multi split units (19% of 434 models) have five ticks.

M Single Split Inverter
Five Ticks AN = Multi Split Inverter

Fixed Speed
Four Ticks

[0
£ .
S ThreeTicks S
o=
3
5 Tworics G
One Tick 3%
0% 10% 20% 30% 40%

Figure 2-24: Efficiency Distribution by Green Rating of 434 Certified RAC Models in Singapore

Availability of Energy Efficient RACs in Singapore

The RAC database in Singapore provides efficiency data in WCOP, and these were converted into ISO
CSPF to enable comparison with the potential 20% more stringent ASEAN MEPS of 3.7 ISO CSPF; and
the Chinese 2022 MEPS of 6.09 ISO CSPF. Of 434 certified RAC models, there are 254 non-multi split
models which could fall under the scope of the regional roadmap. As shown in Figure 2-25, the 20%
more stringent MEPS of 3.7 ISO CSPF will have no impact on the existing certified split-unit inverter
RACs in Singapore, but it will remove most of fixed speed window and casement units from the market.

10 For fixed speed units ISO CSPF = 1.062 x COP100%, with ISO temp bin hours; for inverter units, ISO CSPF = (1.192 x WCOP)
+0.311, with ISO temp bin hours
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Figure 2-25: Distribution of Efficiencies of Non Multi-Split RAC Models in Singapore against
different MEPS Requirements

Since small cooling capacity RACs are not popular in Singapore, there are only 61 RAC models in the
certified database with CC < 3.52 kW. The table below summarizes how many of these non-multi-split
RAC models currently available in Singapore would meet more stringent MEPS requirements at 20%,
50% and 98% higher than the ASEAN Regional MEPS of ISO CSPF of 3.08. Of 61 models with
CC<3.52kW, 52 models would meet the MEPS requirement of ISO CSPF of 3.7 (20% more stringent),
and 23 models would meet the 98% more stringent MEPS (ISO CSPF of 6.09).

Table 2-16: Number of RAC Models with CC<3.52 kW in Singapore under Different Efficiency
Requirement Scenarios

No. of Model/ RAC Efficiency 2020 ASEAN 20% More 50% More 98% More
Threshold MEPS (ISO Efficient Efficient Efficient Than
CSPF of 3.08) Than ASEAN Than ASEAN  ASEAN MEPS
MEPS (ISO MEPS (ISO (1SO CSPF of
CSPFof3.7) CSPF of 4.6) 6.09)

Exceeding Efficiency Threshold
% of 61 Models with CC <3.52
kW

With an extended scope up to 4.5 kW, there will be 91 certified non-multi split models under
evaluation. With more stringent MEPS requirements at 20%, 50% and 98% higher than the ASEAN
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Regional MEPS of ISO CSPF of 3.08, 81 models would meet the MEPS requirement of ISO CSPF of 3.7
(20% more stringent), 80 and 35 models would meet the 50% (ISO CSPF of 4.6) and 98% (ISO CSPF of
6.09) more stringent MEPS levels respectively.

Table 2-17: Number of RAC Models with CC<4.5 kW in Singapore under Different Efficiency
Requirement Scenarios

No. of Model/ RAC Efficiency 2020 ASEAN 20% More 50% More 98% More
Threshold MEPS (ISO Efficient Efficient Efficient Than
CSPFof 3.08) Than ASEAN Than ASEAN  ASEAN MEPS
MEPS (ISO MEPS (ISO (I1SO CSPF of

CSPFof3.7)  CSPF of 4.6) 6.09)

Exceeding Efficiency Threshold
% of 91 Models with CC < 4.5
kW

2.6.5.5 Thailand
RAC Market Profiles

Thailand is ASEAN’s largest production base in the electrical appliances sector and ranks as the world’s
second largest RAC producer after China. However, Thailand is not the largest market for RACs in
Southeast Asia, and about 90% of local production are for exported. In 2018, JRAIA reported an annual
sale of 1.27 million unit in Thailand. The most recent household energy consumption survey was
conducted in 2019 by the National Statistical Office of Thailand (NSO)!!, and about 29% of 22 million
households in Thailand own RACs. The No. 5 Energy Labeling database managed by the Electricity
Generating Authority of Thailand (EGAT) provides a list of 4,238 models of RACs certified with the No.
5 Energy Label. % shares of fixed speed and inverter models in the database are about the same at
50%.

11 Major Findings of the 2019 Household Energy Consumption, 2020, National Statistical Office, Thailand
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Figure 2-26: Types of RAC Models with No. 5 Energy Label

Analysis of the No. 5 Energy Labeling database also found that popular sizes of RACs in Thailand appear
to be those with CC < 4.5 kW, and these models account for about 28% of the total certified models
(see Figure 2-27). Various household and retailer surveys conducted by different agencies in Thailand
have confirmed that the most popular cooling capacities for RACs in Thailand are those with cooling
capacities of about 3.6 kW or 12,000 Btu/hr.
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Figure 2-27: Cooling Capacities of No.5 Energy Labeling RACs in Thailand

Figure 2-28 provides information on compressor technologies in each category of cooling capacities.
It can be seen that numbers of inverter models already surpassed fixed speed models for those with
cooling capacities up to 8 kW. For RACs with cooling capacities more than 8 kW, fixed speed RACs in
Thailand still offer more models than inverter RACs.
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Figure 2-28: % Share of Inverter and Fixed Speed Models by Cooling Capacity

Distribution of Model Efficiencies

Thailand has implemented the No. 5 Energy Labelling program covering RACs with cooling capacities
up to 12 kW for over two decades. Although the labelling program is voluntary, No. 5 Energy Labels
are perceived as the minimum requirements for most residential consumers for efficiency and quality.
The No. 5 Energy Labelling program sets different energy efficiency requirements for fixed speed and
inverter RACs as shown in Table 2-18.

Table 2-18: Energy Labelling Requirements for RACs in Thailand

Star Rating Cooling Seasonal Performance Factor (CSPF), Wh/Wh

8 kW < CC <12 kW

CC<8kw

Fixed Speed Inverter Fixed Speed Inverter

EEE  3.766-4.056 4.396-5.126 3.634-3.924 4.103-4.833
No. 5 — One Star 4.059-4.349 5.129-5.858 3.927-4217 4.836-5.565

No. 5 - Two Stars 4.352-4.642 5.861-6.591 4.220-4.510 5.568-6.298

No. 5 — Three Stars 24.645 26.594 24.514 26.301

Source: Conversion from EGAT’s energy labelling requirements in Seasonal Energy Efficiency Ratio (SEER) as specified in
http://labelno5.egat.co.th/new58/wp-content/uploads/2019/shortforweb/air.pdf, CSPF = SEER/3.412

About 61% of the 4,238 No. 5 Energy Labeling RAC models can only meet the least efficient No. 5
rating requirement (No. 5 Energy Label without star), and majority of RACs in this efficiency rating
group are fixed speed RACs. Most of inverter RACs fall into the No. 5 One Star category, accounting
for about 22% of all RAC models in the database.
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Figure 2-29: Efficiency Distribution by No. 5 Energy Label Rating in Thailand

Availability of Energy Efficient RACs in Thailand

The No.5 Energy Labeling database provides efficiency data in ISO CSPF, and these data were plotted
against the two proposed MEPS levels, i.e., 1) the potential 20% more stringent ASEAN MEPS of 3.7
ISO CSPF; and 2) the Chinese 2022 MEPS of 6.09 ISO CSPF, as shown in Figure 2-30.
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Figure 2-30: Distribution of Efficiencies of No. 5 Energy Labeling RACs in Thailand against different
MEPS Requirements
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As clearly shown in Figure 2-30, efficiency data of No. 5 Energy Labeling RACs is clearly divided into
two groups, one for fixed speed and another one for inverter models. a MEPS with 20% more stringent
than the current ASEAN regional roadmap of 3.08 ISO CSPF for RACs with cooling capacities below
3.52 kW will have no impact on the No. 5 Energy Labeling RACs in Thailand. However, applying the
Chinese 2022 MEPS requirements for RACs with CC < 4.5 kW will remove all fixed speed models from
the Thai market.

Of 4,238 No. 5 Energy Labeling RACs, there are 460 models falling under the scope of the regional
roadmap (CC<3.52 kW). Of these 460 models, all will meet the MEPS requirement of ISO CSPF of 3.7
(20% more stringent). There are 56 RAC models below 3.52 kW which are already more efficient than
the Chinese MEPS (ISO CSPF of 6.09).

Table 2-19: Number of RAC Models with CC<3.52 kW in Thailand under Different Efficiency
Requirement Scenarios

No. of Model/ RAC Efficiency 2020 ASEAN 20% More 50% More 98% More
Threshold MEPS (ISO Efficient Efficient Efficient Than
CSPFof3.08) Than ASEAN Than ASEAN  ASEAN MEPS
MEPS (1SO MEPS (1SO (ISO CSPF of

CSPFof3.7)  CSPF of 4.6) 6.09)

Exceeding Efficiency Threshold
% of 460 Models with CC <3.52
kw

With an extended scope up to 4.5 kW, there will be 1,175 No. 5 Energy Labeling models under
evaluation. With more stringent MEPS requirements at 20%, 50% and 98% higher than the ASEAN
Regional MEPS of I1SO CSPF of 3.08, all models will meet the MEPS requirement of ISO CSPF of 3.7 (20%
more stringent), 605 and 138 models will be more efficient than the 50% (ISO CSPF of 4.6) and 98%
(ISO CSPF of 6.09) more stringent MEPS levels respectively.

Table 2-20: Number of RAC Models with CC<4.5 in Thailand under Different Efficiency Requirement
Scenarios

No. of Model/ RAC Efficiency 2020 ASEAN 20% More 50% More 98% More
Threshold MEPS (ISO Efficient Efficient Efficient Than
CSPF of 3.08) Than ASEAN Than ASEAN  ASEAN MEPS
MEPS (ISO MEPS (ISO  (ISO CSPF of
CSPFof3.7) CSPF of 4.6) 6.09)

No. of Models Meeting/ 1,175
Exceeding Efficiency Threshold

% of 1,175 Models with CC < 4.5 100%
kW
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RECOMMENDATIONS

Based on findings from the assessment in Section 2, the following recommendations are provided as
a basis for discussion among AMS to update the ASEAN Regional Policy Roadmap on energy efficient
ACs.

1. Conduct detailed market assessments and various relevant analyses — By 2022, detailed
assessment and analysis of energy use, cost efficiency, lifecycle cost, national impact, and
manufacturer impact related to the proposed aspirational MEPS and labeling levels for each
ASEAN country completed.

2. Implement a phase-step approach in updating ASEAN Regional MEPS — Step 1: By 2023, the
aspirational target of 20% more stringent MEPS (ISO CSPF of 3.7 which are about the same
MEPS levels in India and Rwanda) adopted. Step 2: By 2025, a more stringent MEPS of 1SO
CSPF of 6.09 (which is identical to the current MEPS level in China) adopted. This proposed
timeline should give ample time for AMS to benefit from the economy of scale of energy
efficient ACs in China. However, the economic impact to consumers and manufacturers would
vary between AMS. As such it would be useful for AMS to review the viability of the proposed
timeline for the phase-step approach depending on their respective national circumstances.

ASEAN Regional Policy Roadmap  Updated ASEAN Regional Policy

8 (2015) Roadmap (2022-2025)
. China BAT (2019) could be
China BAT (2019) shesssssasdemsannnsannn .;Cg
N ey B adopted as a new MEPS in 2025.
7 Ching 2022 (Fixed Speed &
Inyerter Cooling only) yag Model regulatjon 2023
S 1SO CSPF 6.0 150 CSPF 6.1, CC<J4.5kW
= S0 CSPF 6.09 ? """ " . )
3 6 cc<askw 4 h  STEP 2: ASEAN MEPS (2025)
E 150 CSPF 6.09, CC<4.5kW
=
b= 5
c Japan MEPS (2010)
o . 1SO CSPF 4.68 China Fixed speed,
g 1SO CSPF 4.0 Rwanda (021,
= CC<4.5kW draft) RSEER 3.8
3 4 > ® @ O Orrorennnd
o Korea MEPS (1018'
E ISO CSPF3.44 = STEP 1: ASEAN MEPS (2023),
__________ ) 1SO CSPF 3.7, CC<4.5kW
% 3 ) ----------- ’C). -------------
o ASEAN MEPS ISO ASEAN MEPS (2020), ISO
(@] CSPF 3.08 Approved CSPF3.08,CC<3.52 kW
w
= 2
1
APAEC 2016 -2025
0 | |
2010 2015 2020 2025 2030

Figure 3-1: Proposed AC MEPS Levels for ASEAN

3. Combine fixed speed and inverter efficiency metrics and consider adoption of technology
neutral MEPS — By 2023, fixed speed and inverter efficiency metrics combined as CSPF, and
technology neutral MEPS adopted for fixed speed and inverter units in each AMS.

4. Extend the scope of the ASEAN Regional Policy Roadmap for AC MEPS — By 2023, the scope of
the ASEAN Regional MEPS extended to cover all ACs with cooling capacities up to 4.5 kW. This
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is to ensure that all popular cooling capacities in AMS are captured in the Regional Policy
Roadmap. MEPS and labelling programs for ACs in most AMS have already moved beyond the
current ASEAN regional MEPS (CC < 3.52 kW).

cyelEIEIEIEE

10% of current models in ASEAN ® Inverter
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Figure 3-2: Extended Scope of AC MEPS for ASEAN
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