European council for an energy efficient economgeec2017 Summer Study on energy efficiency (29 May
June, 2017) Presqu'ile de Giens, Hyéres, France

7-013-17, Chiharu Murakoshi
State of residential energy consumption in Southeas
Asia: need to promote smart appliances becausa urba
household consumption is higher than some developed
countries

Chiharu MURAKOSHI, Jyukankyo Research Institute
Kioi-cho ARK building 3F, 3-29, Kioi-cho, Chiyodauk Tokyo 102-0094, Japan
murakoshi@jyuri.co.jp

Ji XUAN, Jyukankyo Research Institute
genki@jyuri.co.jp

Azusa TAKAYAMA, Jyukankyo Research Institute
takayama@jyuri.co.jp

Hidetoshi NAKAGAMI, Jyukankyo Research Institute
hnakagami@jyuri.co.jp

Hiroto TAKAGUCHI, Faculty of Science and EngineayjiWaseda University
55N705, 3-4-1, Okubo, Shinjuku-ku, Tokyo 169-855&pan
takaguchi@waseda.jp

Abstract

Energy use in Southeast Asian countries increasesdy, and will continue to rise with improvingiing
standards. However, data collection related talezdial energy consumption lags behind, and unaiedgtg the
state of consumption is challenging.

In 2015, we conducted a field study on residemtisdrgy consumption in Malaysia, Thailand, Vietnam an
Cambodia to indicate how improved lifestyles reguincreased energy consumption compared to ther ot
developed countries in Southeast Asia and Japaandlyse these relationships, we surveyed enegans
people’s lifestyle, including equipment ownershiy anethods of use.

As a result, we found that energy consumptiongifting, plug loads, cooling and cooking in urbagaarof
Southeast Asia approaches that found in developedtides and in some cases exceeds this. In othretsy
energy consumption in emerging countries has be@mere critical issue than in developed countries.

In this paper, we explain the variance in energysamption of developing, emerging, and developeshtes,
due to differences in housing, equipment, incomd, ldiestyle. Next, we explain the new energy éficy
policy in Thailand, Energy Efficiency DevelopmenaP[2015. EEDP 2015 is the most advanced policy in
Southeast Asia that includes an Energy Efficienbligation. We also discuss the importance of stiteggjng
of MEPS, energy efficiency labelling and promotidrsmart appliances.

Eventually, we aim to collect and analyse energysaomption patterns in households in several Soutesaan
countries, to create a database with the resuwlts fhe surveys, to develop scenarios in order tgate CQ
emissions, and to develop a platform that can exaittie gradual effects at different stages of natio
development. Moreover, we aim to develop an opetigrin database, to share our survey results with
international experts, researchers, professorpalitymakers in the future.

Introduction

It is expected that C{emissions of Southeast Asian countries will cargito increase in the future. A high
percentage of C£emissions are from the civilian sector, in patacuthe residential sector. As living standards
improve, emissions are expected to increase, sotefé climate change countermeasures are needeitheO

one hand, with the exception of measures addrefsigg-scale commercial facilities, it is challemgto take
regulatory climate change countermeasures forgkidential sector. In particular, it is extremeifficult to
implement policies that restrict improvements uing standards. In this context, limited resountesst be used
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effectively in order to propose and implement dffecresidential sector climate policies. To devedaph
effective climate change countermeasures, in ghmalth grasping the actual situation of energy, itss
desirable to identify target fields for climate olj@ countermeasures by analyze the factor sucbuszhold
members, type of housing, ownership of AC or incéevel, and to estimate the effects of the measures

However, data on actual residential sector enesgyiu Southeast Asian countries are limited to whatbe
gained from macro level data on energy use by ¢ymmergy, made public by international organizaiand
the governments of various countries. There has hkeost no collection and maintenance of dataeélt
energy consumption by end use, nor breakdownseofradity consumption, which comprises much of
residential sector energy use. Further, data regaliding standards, and appliance possessionays of use
are also limited to macro level data for housingd appliance ownership ratios. There are no detdidal
regarding what kinds of households live in variimls of housing, and what kinds of appliancesuse, in
what ways. Also, other data indispensable to impleing energy efficiency measures have hardly been
collected, such as the energy efficiency perforraasfchousing and appliances, both existing stockthose
that will be purchased. Accordingly, it is necegdarunderstand actual conditions of energy usetlamdactors
that influence it: households, housing, equipmidestyle, and ways of using appliances. Also,ites
estimating how all of these will change with futgm@wth, there is a need to construct a mecharism f
monitoring on a continuous basis.

In order to realize this, we conducted a field syren household energy consumption in Malaysiajldina,
Vietnam and Cambodia and got started with datab@sgion as well. In addition, to understand hogvritajor
home appliances are used in homes, an electradliteasurement for home appliances has been caoyin
since 2016. The stage of economic developmenffereit in these countries, Malaysia and Thailared a
emerging countries, Cambodia is a developing cguard the present stage of economic development in
Vietnam is between emerging and developing stdtuis. paper shows the results of field survey orskbold
energy consumption compared to the other developadtries. Moreover, the main factors affecting$ehold
energy consumption are explored.

Household energy use survey method

Subject regions and sample size

We carried out a survey by questionnaire in ordemderstand actual conditions of energy use ianugreas in
Malaysia and urban areas and outlying farming gékain Thailand, Vietham, and Cambodia. Viethamralte
long way from north to south, so in consideratibalonate variation, 110 households in each of Hamal Ho
Chi Minh City were surveyed. The farming villages &mut Sakorn, about 50 km from Bangkok, Hoa Binh,
about 100 km from Hanoi, and Kandal, about 50 kiside Phnom Penh. A total of 1,190 surveys were
collected. Number of sample is shown in Table 1.

Table 1. Number of sample

Malaysia Thailand Vietnam Cambodia Total
Kuala Bangkok Sumut Hanoi Ho Chi Hoa Binh Phnom Kandal
Lumpur Sakorn Minh City Penh
100 300 150 110 110 110 210 100 1,190

Regarding to sample selection, all households iardeat] into Primary Sampling Units (PSU) every hrats
households, and several dozen PSUs are randoméceed from among these. Furthermore, we set the
distribution ratio of number of household membé#rs,type of housing and household monthly incomd,vae
selected the samples that meet these conditionthédsther hand, we pre-recruited by using snovdzatipling
research method in the case that household statete not maintained, the investigators cannatiolat
cooperation from wealthy people because of autk-decurity system or they said they were too bAsyl we
extracted final targets with eliminate bias frore4pecruited samples. Furthermore, in order to imgibe
accuracy of the survey, we set upper limit of sa®spb each researcher.

Survey method

All surveys were interviews by investigators. Wisemveys are carried out in developed countrieseigdiy
they are carried out expeditiously and at a laogdesvia the internet, but in Southeast Asia, evemil-in
survey would have an extremely low rate of retsmface-to-face interview surveys by investigatoes
commonly used.
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Survey items

In all, there were 38 survey items, in seven cafegpas illustrated in Table 2. The survey carrigtvwas quite
detailed. The investigators asked each questioreateted the responses on the survey sheet thamsstvwe
believe the responses are accurate. But theressere months for which energy consumption data coodde
obtained, for reasons such as not having kepttthig bills. There were cases in which these datald be
obtained directly from the electric utility websitnd this method was used in Vietnam, Thailand,Maldysia
to understand monthly electricity use. The mon#ngrgy consumption data surveyed were from Oct2be4
to September 2015.

Table 2. Survey items

Part 1: Identification of number of household members, age, gender, occupation, the days that people usually at
Household home during the daytime on weekdays, annual income of all family members

Part 2: Housing Characteristics | building type, structure type of building, number of floors, gross floor area, established
year, ownership, number of rooms

Part 3: Energy Consumption monthly energy use by fuel type, monthly energy bills by fuel type

and Energy Bills

Part 4: Home Appliances and space cooling (room air-conditioning, fan, etc.), space heating (room air-conditioning,
Electronics heaters, etc.), home appliances, lighting

Part 5: Hot Water type and number of water heating equipment, hours of use, bathing habits

Part 6: Vehicles type, number and frequency of use of automobiles and motorbikes/scooters

Part 7: Lifestyle and Behaviour | ways of keeping home cool, satisfaction with the indoor environment, willingness to buy
energy-efficient home appliances in the future and problems when buying energy-efficient
home appliances, energy saving behaviours

Household energy use survey results

Basic characteristics

Household and housing characteristics are showagire 1. The average number of people in the Hmide
was about the same for the urban Kuala Lumpur Bafigkok, 4.6, Ho Chi Minh City, 4.7, and Hanoi, 48t
Phnom Penh was larger, with 5.2 people per houdekol outlying farming villages, average houselsi
varied from 3.6 to 5.2 people, but was generalipeswhat smaller than urban households. Comparedcto e
country's census results for average number ofleguw household (Malaysia, 4.5 in 2010; Bangko&,i®
2015; Hanoi, 3.9 in 2012; Ho Chi Minh City, 3.82012; and Cambodia, 4.6 in 2013), Thailand andriet
were slightly larger than the census values. Coetptr the Japanese average of 2.5 people per taddsttese
countries have larger households, but in Southsiatwe think that the large-family system is iaq# to some
extent, as there are cases such as multiple hddsdhing together, and relatives living in thegtgborhood. In
particular, the occurrence of someone being homiagithe day on weekdays exceeded 70% for eacbrregi
high ratio compared with 55% in Japan. In stromgly-family Southeast Asia it is not uncommon toédndual
wage earning families, but not necessarily workihg company. It is not unusual to work at homergétare
cases in which people bring their work home) orarusiness out of the house while also doing weardeand
childrearing. The investigators frequently foundple with side jobs at home such as sewing. The puwib
people with jobs per family was slightly largenirban areas than in farming villages, but excepCambodia
was lower than two. Monthly household income isudlivice as high in Thailand and Kuala Lumpur as in
Vietham and Cambodia, but the gap with developenhties remains large.

Although in Southeast Asia there is a trend oféasing construction of attached housing (such as
condominiums), detached houses and townhousetilbtieesnorm. The average floor area per dwellimit for
the countries studied is nearly identical to tlatdll of Japan (93 ) but the per person floor area is only 15 to
28 nt/person, bottoming out at a level less than halfagfan's average value of 48merson (34 fiperson in

the Tokyo metropolitan area of Kanto)



European council for an energy efficient economgeec2017 Summer Study on energy efficiency (29 May
June, 2017) Presqu'ile de Giens, Hyéres, France

household size (people) ~ freduency of stay-at- No. of workers monthly income floor space (m?)
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Figure 1. Characteristics of households and housing
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Penetration rates of major household electrical appliances

Saturation rates and penetration rates of majosdtuald electrical appliances are shown in Tabled34a Table
3 display air conditioners (heat pump air conditi), electric fans, flat screen and CRT televisiavhile
Table 4 show refrigerators, rice cookers, persooalputers and cell phones.

The penetration ratio of air conditioners is highedtlanoi at 91%, with Kuala Lumpur, Ho Chi MinhtZand
Bangkok all at around 50%, but in Phnom Penh 0Bk bf households have an air conditioner. In cabtia
outlying farming villages in Thailand and Vietnanmtivaround 30%, while in Cambodia only about 10% of
households have air conditioners. Due to the tedmiimate, air conditioners in most Southeast Asiauntries
are cooling-only machines. In contrast, Hanoi wesdnly city in this study with a space heating ded) which
is probably the reason it is normal to have am@mditioner including heat pump. In Hanoi there evér6 units
per household, and except for in Cambodia, mangruhmuseholds had more than 2 units. In Camboldictyie
power infrastructure is not yet well developed, #nsl said that only half the population can ascé® grid.
Thus, electricity prices (Table 5) are double or bigtinan in the other countries, and this, as vwelhaome
differences, are likely to contribute to the lownp#ation of household electronics.

The spread of flat screen TVs has been rapid, wigis ia Malaysia and Vietnam similar to those inaiapnuch
higher than those in Thailand and Cambodia. InreshtCRT-type TVs have higher penetration rates in
Thailand and Cambodia. Also, the spread of CRT-fypdappened earlier in Thailand than in Vietham, so
there are many CRT-type TVs left in Thailand. Themains a market for used household electricaliapges
in Thailand, Vietnam, and Cambodia, so old air é¢imakers, TVs, refrigerators and others are distell.

Table 3. Household saturation ratio (%) and penetration ratio (units’household) of home appliances (1)

Air Conditioner Electric Fan Flat TV CRT-TV
Malaysia Kuala Lumpur (n=100) 54/0.9 83/1.9 86/1.0 27/0.3
Thailand Bangkok (n=300) 40/0.6 100/3.5 68/1.0 62/1.0
Samut Sakorn (n=150) 29/0.3 100/2.6 57/0.7 59/0.7
Vietnam Ho Chi Minh City (n=110) 55/0.8 99/3.1 85/1.3 26/0.4
Hanoi (n=110) 91/1.6 99/2.8 91/15 31/04
Hoa Binh (n=110) 38/0.5 100/25 83/1.1 25/0.3
Cambodia | Phnom Penh (n=210) 15/0.2 97/2.8 40/0.5 67/0.8
Kandal (n=100) 11/0.1 99/2.5 22/0.3 84/1.0

Japan (n=11,632) 91/2.2 -/- 88/1.9 19/ -

Note: numerator: Household saturation ratio (¥gri@minator: Household penetration Ratio (Units/lebiasd)

Table 4. Household saturation ratio (%) and penetration ratio (units’household) of home appliances (2)

Refrigerator Rice cooker PC Cellular phone
Malaysia Kuala Lumpur (n=100) 100/1.0 97/1.0 58/0.8 100/3.9
Thailand Bangkok (n=300) 98/1.1 98/1.0 4410.5 98/4.1
Samut Sakorn (n=150) 98/1.0 99/1.0 31/0.3 99/2.7
Vietnam Ho Chi Minh City (n=110) 96/1.0 100/1.0 79/0.9 100/3.6
Hanoi (n=110) 99/1.1 100/1.0 771/0.9 99/3.3
Hoa Binh (n=110) 100/1.0 100/1.0 33/04 98/3.1
Cambodia | Phnom Penh (n=210) 44/0.4 79/0.8 35/0.5 89/4.0
Kandal (n=100) 26/0.3 721/0.8 17/0.2 95/3.5
Japan (n=11,632) 99/1.2 89/0.9 84/14 95/3.0

Note: numerator: Household saturation ratio (¥@raminator: Household penetration Ratio (Units/lebiasd)
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Tableb5. Electricity price (in USD)

Malaysia Bangkok, Thailand Vietnam Phnom Penh, Cambodia Japan
8 cent/kWh 13 cent/kWh 8 cent/kWh 21 cent /kWh 27 cent/kWh

Saturation rates of refrigerators and rice cookegsaround 100% everywhere but Cambodia, as inalese
countries. Furthermore, no difference is seen batvugban and outlying farming areas. Saturatiocesraf
personal computers in Viethamese cities are sirtoldapan, but in other regions are below 50%. &Vhil
penetration ratio of cell phone exceeds one pdrsdapan, Southeast Asian countries are slightietdhis, but
it reaches nearly same level.

Energy consumption per household

The energy consumption and €€missions reported here are aggregated, excledisgs in which the amount
of electricity or LPG used or the amount paid walsnavn. Here we show comparison of the countriedistl
with other developed countries, including Japan.

Annual energy consumption per household is shoviigare 2. For the countries studied, except Cariat)tiole
average urban household used around 20 GJ/year thkilaverage farming village household used rqutil
GlJlyear, a difference of a factor of two from urlaaeas. In Cambodia, households in Phnom Penhamsed
average 13 GJ/year, much less than urban arediseénapuntries, and very similar to the 12 GJ/\adahe
outlying village, Kandal. Compared to the averagki® per household in Japan in 2015, urban areas in
Malaysia, Thailand, and Vietham remain at about2é3consumption.

Looking at energy use by type of energy, in the ndr@as studied electricity use comprises about &0e
total. In Southeast Asian cities gas delivery pipgd have not been laid, so there is no consumpfipiped gas.
Accordingly, nearly all the demand is covered kcgicity, with LPG used for cooking. In outlyingrfaing
villages electricity use is about half that in uttzaeas, with LPG and other fuels, such as biofiuasds, used.
Biomass fuel is mainly firewood, but coal briqusttee also used for cooking. Generally, urbanindato
proceeding in Southeast Asia. While the rural papaih is flowing into cities, electrification of ral areas is
expected to progress.

In comparison with developed countries, electriciiypsumption per household in urban areas in Maays
Thailand, and Vietnam is nearly equal to that iradg@and exceeds that in Korea, the UK, and Germiany.
Southeast Asia, electricity is mainly consumed fyce cooling, lighting and plug load, and therneahends
such as water heating, kitchen and space heatngnaall. If we look at electricity use only, we e that
energy use in Southeast Asian urban areas hasekbbmlels on a par with or higher than in developaghtries.
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Figure 2. Energy consumption per household by type of energy
Note: Please note that the data of Europe, US amdakare 2008, 2009 or 2010.

Figure 3 shows energy use by end use. In all redighting and plug loads holds the highest peamgatexcept
in Kandal. For all cities except Phnom Penh, thi@ants to just under 13 GJ/hh/year, exceeding dnnua
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consumption per household in Japan, Korea and kheallat 11 GJ, France at 10 GJ, and Germany@i.8
There are various factors thought to contributdnis, such as more people per household, high odidsytime
occupancy, and penetration of major appliancesTi¥e and refrigerators to about the same degrée as
developed countries, while on the other hand, appé efficiencies may be lower than those in dgpezlo
countries.

Energy used for space cooling is also higher thanftr developed countries. Contributing factordude

longer cooling seasons due to tropical climated,law efficiencies of air conditioners. The highsgtace

cooling energy use was Ho Chi Minh City, at 3.8hBJ/ear, followed by Hanoi, 2.5 GJ, Bangkok, 2.4 GJ
followed by Kuala Lumpur and Phnom Penh, with 1J7each. Compared with 0.6 GJ per household in Japan
this is much higher consumption. Cooling energyinsautlying villages is smaller, but not at a lewdere it

can be ignored, with Kandal at 1.3 GJ, Samut SakbenGJ, and Hoa Binh, 0.5 GJ per household. doény
season in Hanoi is 5 months long, unlike Bangkaktda Chi Minh City, where it is year-round, but Héla

rank in cooling energy use behind Ho Chi Minh G#yikely due to the high penetration ratio of air
conditioners.

Annual cooking energy use per household was 4.in ®dala Lumpur, 3.4 GJ in Bangkok and 2.6 GJ in
Thailand's outlying village area; in Vietnam, 4.1i&Hanoi and 2.9 GJ in Ho Chi Minh City; and inrilaodia,
6.5 GJ in Phnom Penh. These all exceeded the Jspaalkeie of 2.0 GJ. Due to large households, soeneon
being at home in the daytime 70 to 90% of the tiame] also to there being many children, the cugtbm
cooking remains deeply rooted. Further, in Camhbdtiere are households where, to get drinking watater
is boiled every morning and set aside for the day.

Very little energy is used for water heating. Takingold shower twice a day is typical, and exceptrf Hanoi
during the winter, hot showers are hardly ever usésb, although there is some energy used forespaating
in Hanoi and Hoa Binh, it is less than 1% of t&taérgy use.

Due to the tropical climate, use of water heating space heating is not required in Southeast Asia.
Accordingly, comparing energy used for lighting qoidg loads, space cooling, and cooking only, vthitt in
developed countries, consumption in Southeast Agiban areas exceeds that in Japan, Korea, the UK,
Germany and France. It is not an overstatemeraytalet levels of energy use have passed thosevelaped
countries and these Southeast Asian countriesdles@dy become major consumers of energy.
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Figure 3. Energy consumption per household by type of use

Compared to census data for each country, the holessizes in these survey results are a bit laFges. is a
contributing factor to higher energy use. When aheaergy use per capita is compared (Figure Bgruareas
range from 4.0 to 4.4 GJ/person, and outlying afiess 2.3 to 2.9 GJ/person. In comparison, devalope
countries, with Japan at 5.3 GJ/person, excegh®lJSA and Canada, generally use a little more fha
GJ/person. Thus, in urban areas the difference th®order of 20%, and considering that the hoaldedize
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differs by about 40%, levels of residential enecgpsumption in Southeast Asian urban areas are 8igift
formulation of sweeping energy efficiency measusaseeded.
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Figure 4. Energy consumption per capita by type of use, and household size
Lifestyle

Daytime and nighttime room cooling methods

Survey results regarding ways to manage the ingwoperature during daytime and nighttime are shiown
Figure 5, for the example of Bangkok. During thg,dagardless of the presence or absence of an air
conditioner, many respondents answer that they waipethe heat of the day by "turning on fans witimdows
open," or "turning on fans." Even among househuwlitls an AC, less than 10% say that they "turn o' AC
"turn on AC and fans." In other regions, percensagfehouseholds with AC responding that they useiiing
the daytime are higher than in Bangkok, with 24%lenChi Minh City, 20% in Phnom Penh, 18% in Kuala
Lumpur, but most households do not use AC duringithe At night, households without AC have fansiat
windows open, but 78% of Bangkok households hagi@guse it. In other regions, in urban areas 5008 8
and in rural villages 20 to 50% of households vt use it at night. Weekday length of AC use ihiday in
Bangkok, 7 h/day in Kuala Lumpur, 13 h/day in Ha ®@linh City, 11 h/day in Hanoi, 10 h/day in Phnoran®,
and from 8 to 10 h/day in outlying villages.

<Daytime> <Night time>

O Open windows

B Turn on fans

B Turn on fans with windows open
Bl Turn on AC

B Turn on air conditioner and fans

without AC(n=105) :12%

with AC(n=95) 1

-

Bangkok

779

[
Average (n=200) 1}/10% %

0%  20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Figure 5. Ways to keep coal (in Bangkok, Thailand)
It is evident that in Southeast Asia, even housihalith AC use it mainly at night. As an extremeample,
housing was found with low heat barrier performaresilting in top floor indoor surface temperatué&80 to
40°C, where even if the AC were used, the room &Fatpre would not decrease. For two-story housieget
are many cases where people live on the first flawing the day using fans, and at night on thersg¢loor
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using AC. Thus, installation of high power AC unitsgd with very low temperature settings, has becom
typical. These conditions of use can invite lowek&lefficiency. To realize energy efficiency, togethwith
encouraging the introduction of highly efficient AiGcreasing the heat barrier performance of haysin
installing AC of appropriate output power, and plapaing higher temperature settings are all needed

<Temperature> <Humidity>
O Very satisfied E Somewhat satisfied @ Can's say either way
Dissatisfied B Very dissatisfied

19% %
|

20% %E%
7

without AC(n=105) | 13%] 15%

with AC(n=95) 8%
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[
20%

J
7
/

Average(n=200) |11%}: [ 13%

0% 20% 40% 60% 80% 100% 0%  20% 40% 60% 80% 100%
Figure 6. Satisfaction with indoor environment (in Bangkok, Thailand)

Satisfaction with theindoor environment

Air conditioning is not used very much during dayi, but regardless of the presence or absence ofidetly
all households do not feel major dissatisfactiothweither heat or humidity levels. In Bangkok, & 6 to 6%
and 11 to 12% were dissatisfied with the tempeeatund humidity levels, respectively (Figure 6).féisother
regions, in Kuala Lumpur and Hanoi people were dgss dissatisfied than in Bangkok. In Ho Chi MinityC
they were equally dissatisfied, and in Phnom Pelitheamore dissatisfied. We discussed reasonispbaple do
not feel much discomfort with local specialistst tm@re unable to get a clear answer. Thailand hels & hot
climate throughout the year that it can be saitlttiere are three seasons: hot, hotter, and hd®esbably
there is a common awareness that being hot isratlyral. On the other hand, contradictory situationexist,
such as the aspect of office buildings and pulgaces with air conditioning to the point of being told, and
also the condition of public hospital waiting roogenerally not being air conditioned at alll.

CO, emissions

Table 6 shows CQemissions per household for various end usesTahl 7 shows each country's electricity
emission factor. The highest annual £&nissions per household arising from within thenb@are from Kuala
Lumpur, at 2.7 t-C@year, followed by the urban areas of Bangkok 2tXCG, Hanoi at 1.9 t-Cg and Ho Chi
Minh City, at 1.8 t-CQ Phnom Penh, at 1.1 t-G(has about the same emissions as the outlyirapges.
Emissions are largely due to lighting and plug le&dsling, and other electricity use, but in outlyivillages of
Vietham and Cambodia, besides electricity, useRisland biofuels account for nearly half of f&issions.
Japan emits 3.5 t-GQer household annually, arising from within therngo Southeast Asia has lower
emissions, but this is also influenced by majofedénces in the electricity emission factors. Tleeteicity
emission factor varies greatly among SoutheastAstaintries, and is high for Malaysia and Thailaard low
for Vietnam and Cambodia. This is due to the stmast of their electric power supplies. The formarehlaigh
proportions of LNG and other fossil fuel generatiahijle the latter have high proportions of hydrogie
generation. However, according to Vietnam's 7th &development Plan, there are future plans toldpve
coal-fired power plants on a large-scale, so fu@@e emissions will be greatly influenced by changethin
electric generation structure.

CO, emissions from cars and motorcycles are seen ¢ the same scale as €€missions from energy use in
the home. In particular, Kuala Lumpur, at 3.8 tzQ@r household annually, exceeds the in-home emnissand
when added to the in-home emissions amounts tb®@, which greatly exceeds Japan's value of 4.8 -CO
For cars and motorcycles, @@missions vary widely. In Malaysia and Thailandgpesad of cars has
progressed, so their G@missions are large. In contrast, in Vietnam aachlbdia, a motorcycle is a necessity
for daily life, and a great many households haveentioan one. Compared to a car, a motorcycle isffieient,
but in Vietnam and Cambodia G®missions from motorcycles are larger than frors.cBhe share of total
household C@emissions held by motorcycles is somewhat und& B0Hanoi and Ho Chi Minh City, and
climbs to somewhat under 40% in Phnom Penh. Witmh@mic growth and urbanization comes increased
traffic, and with that comes increased vehicle smiss. At the same time that air pollution issuagehbecome
serious, measures to raise vehicle efficienciesd@aedease emitted gases have become an urgentig¢ghiehe
goal of limiting the number of gasoline motorcyctegned per person, Vietham recently set a highgistration
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fee for the second and later gasoline motorcyeled,cases of people buying electric motorcyclesheir
second or third motorcycle can be noted. This kinehaouragement for the spread of electric motdesyis
important, but it is expected that the shift froratorcycles to cars will accelerate in the futurgjck could
become a very serious problem. Although there ispezific support measure, it should actively suppo
promotion of electric cars.

Table 6. COz emissions (Unit: t-CO2/household-year)

In home Car & motorbike Total

Lighting & Space Others | Total Car Motorbike Total

plug loads | cooling
Malaysia Kuala Lumpur (n=100) 2.0 0.3 0.4 2.7 3.4 0.3 3.8 6.4
Thailand Bangkok (n=297) 1.6 0.3 0.2 2.2 1.3 0.2 1.5 3.6
Sumut Sakorn (n=147) 0.8 0.1 0.2 1.1 0.7 0.1 0.8 1.9
Vietnam Ho Chi Minh City (n=110) 1.2 0.4 0.2 1.8 0.0 0.7 0.7 2.6
Hanoi (n=110) 1.3 0.3 0.4 1.9 0.0 0.7 0.7 2.7
Hoa Binh (n=110) 0.8 0.0 0.4 1.2 0.1 0.3 0.3 15
Cambodia | Phnom Penh (n=208) 0.5 0.2 0.4 1.1 0.2 0.7 0.9 2.0
Kandal (n=99) 0.3 0.1 0.5 0.9 0.1 0.8 0.9 1.8
Japan (n=11,632) 3.5 1.3 4.8
Table 7. Emission factors of electricity (Unit: g-CO2/kWh)
Malaysia Thailand Vietham Cambodia Japan
567 459 363 358 497-816

Note: For Japan, the highest and lowest emissictofs of the regional electric utilities are sho@®, emissions are calculated for each
region and a national average value is then cateila

Development of BELDA Database

We started to build a database on household ememgumption in Southeast Asia, called BELDA, which is
short for “Building Energy Structure and Lifestyl@afabase of Asia”. We construct a common web-based
platform related to actual conditions of energy imsBoutheast Asian countries. Additional objectiegee to
form a network of international researchers tothgetool, and to produce recommendations to gowvents of
Southeast Asian countries.

Figure 7 shows the composition of the BELDA. BELDArsk raw data of actual survey we investigated,
aggregation result of the raw data, macro datagonetogical data, and existing survey results thatbe
collected in Southeast Asian countries. Registassils can input data in a questionnaire formatcantpare
the results with the data stored in the databasghé&rmore, it is possible to upload the colledtad/ey results
according to the database format. In addition,dmsiering the problems of privacy protection, only
cooperative researches can access the raw data&vdnvin order to make effective use of raw damare
planning to install aggregation software, and gehesers can to make various simple or cross tabaolhased
on raw data.
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Figure 7. Composition of BELDA

Policy makers, researchers and energy industriesntbad the global warming countermeasure are ¢éxpéc
be the user of BELDA. For this reason, we have dimisvith stakeholders in each countries from 20tb a
also we are conducting joint researches with Cbafgfon University, King Mongkut's University, Extit
Energy International, Hanoi Architectural Universit§ietnam Institute of Energy and Institute of Teclugy of
Cambodia.

Energy efficiency policy issues

Possibilities of implementing energy efficiency reeges vary depending on the state of a countrygbgpolicy
systems and on energy prices. In general, the agt@eountry's public policy apparatus conformshi®
country's stage of economic development, whileg@nprices are greatly influenced by the presen@beence
of energy resources in that country.

As has also been experienced in Japan, the protiorigd energy efficiency laws and the setting oy
efficiency standards are fundamental to nationafgnefficiency policy. Among the developing andezging
countries, there are those in which laws and ggttfrstandards are not yet well furnished, andetlage those
that have regarded energy efficiency measures pariamt public policies. At the same time, polidiest target
large-scale industrial and commercial facilitiesttidg of standards, regulatory control measuned iilmcentive
programs also begin by targeting large-scale fasliand then progress to implementation of pedithat
address small-scale facilities and the resideséiator. Measures vary, depending on the relatiprishéach
country's economic and welfare policies and ortitifeness of electric power supply and demand didi,
and there are also programs carried out that ammmended and supported by international orgaoizsti

Economic development of the four countries has ach@m the following order: Malaysia, Thailand, Viamn,
and Cambodia. Income for a typical family is at $aene level in Malaysia and Thailand, followed bgtdam
and Cambodia, and residential energy use is aaime level in Malaysia, Thailand, and Vietnam. Bgt b
differences in the countries' energy efficiencyi@es can be seen. Thailand's Energy Conservatiomdion
Act is the foundation for various standards, firahsupport programs, and other measures that lheme taken
regarding energy efficiency policy. In contrast,dedinitive energy efficiency policy law exists Malaysia,
where energy efficiency policy is developed in kt@aysia Plan, produced every five years. In Vietnthe
Law on Energy Saving and Efficiency came into opernainh 2011, and measures including strengthenfng o
management requirements for factories, housingggredficiency standards, minimum energy performance
standards (MEPS) and labelling for household appéa, have been implemented sequentially. On trer ot
hand, Cambodia does not have an energy efficieawyahd in the residential sector, characteristlicigs have
not been implemented. Although energy efficienclyogees and conditions of policy apparatus diffetthis way,
except for housing energy efficiency standardstemdehold electrical appliance MEPS, all residesgator
measures are not mandatory regulations, but atmtarly standards.

The situation is as described above, but the naeghfergy efficiency is also sinking in at the pplievel. For
example, in Thailand, Energy Efficiency Developmelan2015-2036 was announced. Compulsory measures
in the plan include, "enforcement of energy efficig standards in designated factories and buildirigaergy
labeling on equipment/appliances," and "enforcernémnergy Efficiency Resource Standard." Voluntary
measures include "supporting financial tools tadrashange to high efficiency equipment,” and "poting
greater use of LED by price mechanism." Further, dempntary measures, including support for "human
resource development for energy conservation,araition of public awareness and behavioral chahgee
been announced. In Malaysia, the 11th Malaysia @@amh6-2020) includes measures such as formulafian
comprehensive demand side management master glagnaauraging its spread.

There is not only progress on the policy front. 012, Chulalongkorn University conducted a demasgoase
pilot project targeting 100 households, monitonivigple-house and AC electricity consumption, tempuzea
and humidity, and experimenting with switching @ on and off remotely during peak periods. Theppge
of this project was system development, so no aisabf peak cutting or saved energy was done tlwas
concluded that technology was developed with whtichpossible to stop all AC units for a fixed amm of
time. Also, Chiang Mai University has begun a syrgkactual residential energy consumption formage size
of 5000 households, and a Malaysian electric ytilienaga Nasional Berhad (TNB) has begun a denatiwstr
test of a home energy management system (HEMS)t aliba small scale.

Conclusion and recommendations



European council for an energy efficient economgeec2017 Summer Study on energy efficiency (29 May
June, 2017) Presqu'ile de Giens, Hyéres, France

In this paper, we have shown results of a surveactfal conditions of residential energy use iraarareas and
outlying farming villages in Malaysia, Thailand, Yiam, and Cambodia. These results show that alitgtuise
by urban households in Southeast Asia is alreatheadame levels as developed countries, inclufipgn.
Considering that space heating and water heatmbandly required in various Southeast Asian coemitivhen
we compare only demand for space cooling, lightind plug loads, and cooking, we see that consumptio
urban Southeast Asian countries exceeds consuniptagveloped countries. We also see that carsalaydia
and Thailand, and motorcycles in Vietham and Cangbeunhit large quantities of GOThis result dispels the
conventional idea of Southeast Asian countriesdliabugh residential energy use will be continuous
increasing, it is important to stem the ratio diife increases. However, because electricity pric&outheast
Asian countries are kept low for people's welfamjntries' energy efficiency policies are mainlyplemented
to target industry and large commercial buildingkile residential energy efficiency measures |algj

Considering future economic growth, and trends sisctrbanization, extension of hours of AC use, and
switching from motorcycles to cars, energy consumnpivill surely increase in the future. In orderstem the
increase, early adoption of the newest technoldgies around the world and thorough, in-depth eperg
efficiency policies are needed. New technologi@s$ 8outheast Asia should become a world leader in
introducing include improvement of heat barrierfidusing construction and renewable energy. Iriquéat, in
order to reduce space cooling, lighting and plagly which use lot of electricity, there is neethiplement
stronger mandatory energy efficiency standard axdlarate the introduction of smart appliancesrdBMS.
Energy efficiency standards are typically MEPS, butduld be advisable to introduce standards thet, |
Japan's Top Runner standards, are the strictds wvarld.

On the other hand, there has been hardly any tiolleand maintenance of basic information needeaidier to
plan these. We have, as one step in this procesgelbas collecting and providing energy consumptiata,
developed a database to provide information to legapolved in Southeast Asia. At the same time aneealso
building networks of each country's governmentatips with researchers, and working to collectfigata.
Also, in 2016 fiscal year we are conducting a nmamig study of electricity consumption and an iatew study
about lifestyle, and in 2017 fiscal year we plabtdd an open platform database that can be aedds=ely by
interested parties, and to recommend policiesdoh&ountry that are produced jointly by specisilistJapan
and Southeast Asia.
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