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Abstract

Lao Peoplé Democratic Republicllao PDR) is a member of Association of
Southeast AsidNations (ASEAN) andis amongthe most rapidly growingountriesin the
region Development of the country has resulted increasing energy demand and
consumption, especially electaicenergy.Residentialsectorremained the highesiectricity
consumer inthe countryLao PDR with annual growthrankedthird after Industrial and
commercial It was interesting t&now the reasonsontributing b that growing in particular
energy efficiency related issuée report covers study on cost benefit analysisrandund
effectassessmermtf energy efficiency ohew emerging Moder&nergyConsumergwho has
income between-8 USD per person per dayJECON) in Mekong Subregiorat national
level.

The results of Cosbenefit analysis (CBAn case of Lao PDRhowthe benefits of
the householddrom use ofonly someapplianceswhich havecleaty or truly distinguished
differencein energy efficiencymeaning Market distortion such as fake labellijnghproper
informationis thetypical causeof consumer confusioand will bea crucial factor to consider
while promoing energy efficiency and conservation in Laos

LEAP simulation resultsn three scenariobave shown ineasing trend oenergy
demand of MECON groufor all technologiexomparedbecause proportion of households
of this categoryvill be remained growing by 2030.

In case of Laos, the rebound effect surveys have shown thagyeexpenditureare
not the critical issues for Lao MECON households, ratih&nfood, housing and education.
These findings are similar existingresults ofLao expenditure and Consumption surveys
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1 Introduction

Energy efficiency(EE) means the ratio of output of performance, service, goods or
energy, to input of energy.EEimprovement means an increase in energy efficiency of an
appliane due to a technological change. EE improvements offer multiple benefits, such as
reduced houseldb energy expenditure and improved productivity, thus contributing to
economic growth, enhancing energy security and facilitating cheaper and faster energy access
to populations. The 2012 World Energy Outlook highlights the importance of EE in reducing
greenhouse gas emissions (GHG) in the coming decades: EE is responsible for 75% of
emissions reductions by 2020 in 4C2temperature increase scenario (IEA, 2012). For
developing countries, EE will be important since it curbs demand growth, thereby reducing
additional power capacity needs and facilitating cheaper and faster energy access to
populations. Improved EE will also reduce energy consumption, leading to lower fossil fuel
imports for the countries. Moreover, EE can make it easier for lower inconselmwolds to
pay energy bills, freeing up funds for other needs (Sarkar and Singh, 2010). Although the
adoption of EE measures has few technical challenges, and numerous energy efficient
technologies with accountable payback times do exist, there remportant nortechnical
barriers, particularly at the household level. As a result, many of the potential EE gains
remain untapped.

Implementing EE measureswithin households will reduce the energy needed to
produce the same quantity of energy services $sighting, heating, air conditioning, cooling,
etc. As a consequee of reducedenergyuse, householders may bendfim lower energy
bills. However the overall cosand benefits to the householders depend the cost of the
appliancethe level ofefficiency improvement anthe price of fuel (for example electricity
tariff) as well as any tax/subsidies applicatil@nversely reduced bil may also lead to an
increased level of energy consumption and real energy savings may be well below the
expected levelOne explanation is that improvements EE encourage greater use of these
devices (for example heat or mobility) which energy helps to pievBehaviouratesponses
such as these have come to be known agfh@ r e b o u n dVhike feboand effects vary
widely in size, in some cases they may be sufficiently largead to an overall increase
energy consumption an outcome that has bed¢ermedo b a ¢ KUKERGCe 2007) In the
MECON project, due tdhe nature of the target groupthosewho have access to electricity
and are affordable to pay only for certain energy services at piiegasatlikely that theywill
use part of their exdrincome to consume more energy in @&y ways The first bybuying
more applianceand using them more for the same energy services to which they already have
access (for example, buying more bulbs or using the them mohe) second buying a new
amliance to meet an energy service which they did not have before (for example, buying a fan
which they didnot previouslyhave).
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In the Greater Mekong Subregion (GMSCambodia, Laos, Myanmar, Thailand and
Vietnam), it owi I be ther sbhewt hveo dME QO NE)n eir .ge
have access to grid electricity but who live on low incomes (USDp2r day), who will be
responsible for a large share of expected increase in energy demand and thus GHG emissions.
This report is one of five countigpecfic reports, which present the results of eoshefit

analysis carried on MECON project.

1.1 Objectives of thecostbenefit analysis

The aim of this study iso asses the costbenefis at the household (new modern
energy consumers) andtae national levelThe study will also analysthe rebound effect of
EE improvements.

2 Methodology
There are divided into 3 main categories which are following;

- Carrying outa costbenefit analysis of selected energy efficient technotogiethe
individual household level

- Analysing energageconomic impact of emgy efficiency policy packages at a national
level. Two energy efficiency scenarios are defined under this task.

- Analysing the behavioural response of the households thaedimpacts ona
h o u s eslereitgydseérvicedemands. A questionnaire survey will be carried out under
this task.

2.1 Costbenefit analysis at household level

The costbenefit analysis (CBA) has been in use since the 1940s. Traditiotiedly
CBA has been applied to those costs and benefits to whiclecaptad basis of monetary
valuation is available. In addition there are environmental factors and factors such as
economic development, employment and energy use. The evaluation compares the benefits
with and without the project. CBA involves definitige project, listingthe costs and benefits,
putting money values for them, and comparing the time streams of the benefits and costs.

The Life-Cycle Cost (LCC) of an appliance accounts for all expenditures associated
with purchase and use. From the consumespgaetive, the two main components of LCC are
the equipment cost (capital cost) and the operating costs which is the fuel cost and
maintenance cost. Equipment cost is the retail price paid by the consumer purchasing the
appliance. Operating cost is the ta$ energy, in the form of utility bills, for using the
equipment. LifeCycle Cost is given by:
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LCC=CC+3Q FC +MC Equation (1)

= (1+DR)'
Where
LCCi life cycle cost
CCi capital cost of the appliance
FC: 1 fuel cost in year t (Annual electricity consumption in year t X price in year t)
MC; 1 maintenance cost in year t
DR Discount rate
NT life of the appliance

The CBA can be carried out for selected technolodsscomparing the LCC of
efficient and infficient technologies. Equation (1) shows the traditional way of calculating
CBA. The MECON project focuses on a particular consumer group whose income is relatively
low. This particular consumer group sometinmegdsfinancial support, as thegy o nhave
sufficient capital to buy an efficient applianceather, these households ntegve to lorrow
money from different institutions, or from friends and family membersrderto buy an
energy efficient appliancén some countriegshe shop owneralsoallow consumers to make
paymens in instalments. Irrespective of where the consumerghgdinancial support, they
have to pay a higher price for the appliances dulegmterest rate. This could be addedhe
cost of capital to the consumers. Thereftwrethe capital cost of the appliance is annualised
using a different discount rateyhich is defined asthe hurdle rate, which represents the
interest rate and is normally higher than that of the discount rate. Equatisrh@ymodified
to take intoaccount the hurdle rate

_ 1 AC, +FC, +MC,

LCC=a (1+ DR)t Equation (2)
t=1

AC = % Equation (3)

Where

ACT annualised cost

HRT1 Hurdle rate (interest rate)
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| T Number of years by which the loan is repaid.

If there is a government subsidy pragme for energy efficient appliansg then
consumers will pay net of subsidy for the capital cost.

Lcc=cc- ss+g ~ o MG

Equation (4
A 14 DR) q 4)

SSi is the amount of subsidy the consumer receives under the program

Analysis will compare the benefits of eggrefficientover inefficienttechnologes At
least five appliances (sudks TV, rice cooker, faror refrigerator)are analysed herélhe
selection of appliances fothe CBA arebased onthree criteria: energy consumption,
ownership and future potenti@r each country.

2.2 Energy-economic impact of energy efficiency policy packages (national impacts)

The calculations shown above provide an estimate of the financial impacts of an
efficient appliance for each household. Though the individual household level analysis is
crucial,a second criticahspect teevaluae inanEE policy packages thenationatlevel impacts.

The three main national impacts calculations can be:PNetentValue national energy savings
potential and redued environmentampacts includingGHG emissios reductions

National Electrification has been a trademark of Lao governinent devel opment pr
where electrification rate rapidly increased from 16% in 19987% in 2013, with target 90%
householdbasi®lectrification by 2020. Based on such achievements, it is reasonable to assume
that 100% electrification rate would beh&eved by 2030 or earlier, and therefore, the households
group with income between2 USD per day per capita would have access to grid electricity by
2030.

The LEAP modelhas beenused for theCBA at the national level under different
scenarios, whichave beerdefinedt hr ough consi der at poticy packhgese ac h ¢
Appliance stock and national end use consumption are driven by population growth and trends in
appliance ownership rates. Unlike developed countries, where the market for nmmosior
appliances is saturateith developing countriethe ownership rates of even basic appliances are
dynamic, and depend critically on household income level, degree of satiami and
electrification this is particularly true for the emerging middlasses and the target group of this
researchthe MECON. TheEE policy packages will define the diffusion of efficient technologies
among the consumer graupnd its saturation level which can be modelled in LEAP. The
existing LEAP model, which has beeleveloped under Task 1 of the MECON project, will be
further improved by adding costs to appliances for both efficientiessdefficienttechnologies
under ths Task.
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2.2.1 Scenario Definitions

Three scenariosave beemlefined in the LEAP model for each cdyn the Base Case
(BC) modelled under the Task 1, a High Energy Efficiency (HEE) scenario, and a Moderate
Energy Efficiency (MEE) scenario.

1 High Energy Efficiency (HEE) scenaria this scenario assumes 100% penetration of
efficient appliances by end of the modelling period (2030) for each energy service.
This LacHEE scenario assumes that the share of efficient appliances will reach
highest percentage as possible. According teenmtive of living style of Lao people
and mostly imported HHppliances; therefore, the effad own thenewest technology
with affordable price as production country, such Thailand, is still low-HBE is
assumed slower than ThailaB830%. Theshae of efficient appliances will increase
gradually fromthe current level taeach80% for lighting, cooling, and entertainment,
70% for electric cooking and heating devices by 20Bfs scenario aims to explore
whatthe potentiaimpacts on energy, emission and caosiis be when all households
use efficient appliances.

1 Moderate Energy Efficiency (MEE) scenario this scenario assumes a moderate
penetration of efficient appliances in 203The gpropriate share of efficient
applianes for each energy service demasdiefined by linking them to the energy
efficiency policies discussed in Task Bhe $are of energy efficient appliances in
2030 will be different for different energy serviceghich will vary according t@ach
country.For examplethe share of efficient refrigerators in 2030 will be differenthe
share of efficient televisions in 2030. Sireach countryeamwasbest placed to make
assumptions othe penetration levels of energy efficient applianths assumptian
vary.

1 ForLaos the key assumptions were:

o Government target to shift country from status of the Least Developed
countries (LDC) by the year 2020, which will result in increasing GDP per
capitg national electrification rate, etc.

o Governmeni target toreduce total final energy demand by 10% by year 2030
compared to Business As Usual

0 BestExamples from Thailand: 20 Year EnerggonservatiorPlanof Thailand
Thai label No. fJand related standards;

o Introduction ofNational Policy on Energy efficiency and energy conservation
(to be approved by the Prime Ministgr end of 201p

o National strategpn Energy efficiency and Conservation up to year 2030 (to be
launched in 2016)

Under Task 5, two activities were undertakesing theLEAP model: firsly, to model
the cost for each endse appliances arttle price for each fuelife. electricity, gas, kerosene,
biomass,)and seconlg to develop the two new scenarioslEE andMEE. In order to model
the costsin LEAP, eachcountry partner hd to develop a technology databagkich shows
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the cost for each appliance. Thigis done by adding cost datgenerated in Task 29 the
existing technologyExcetbaseddatabase developed under Task 1. Once the modelksg
completed the results generatediere used to analyse the impact BE scenarioson the
energy systemThe results are discussed3action3.

Data and Assumptions

For Lao case of study, data and assumption for LEAP are presentéd R &26 O! &da- R
A 6 a1 Ke§ BSsantption is referred to stask 1.2 which is with constant household size

from 201330. Based on the survey dateom LECS2, LECS3, LECS4, LECSH is found
that household size ahged from 1998 2013; therefore, household size for MECON is
assumed as given Trablel.

Tablel: Householdsize change

Year Household size, [People/HH]
1998 6.5
2003 6.1
2008 5.7
2013 5.3
2018 4.9
2023 4.5
2028 4.1
2033 3.7

2.3 Behavioural response of the households

In order to understand how individual households may respond to reduced energy
consumption as a result of EE policy packages, the finattask involved a short
guestionnaire surveyThis will help us to understand how reductions in the cost of eldgtrici
bills might be spent, whether households prioritise energy or other (non) essentiaFitems.

this subtask, aquestionnairavas developedAppendix C) which use many of the same
guestions as the Task 3 survéijhe questionnaire focuskeon characteristics of theousehold
current energy consumptioras well ashow additional future income might be spent.
Analysis of these data, also examth&hether therewere any differences between those
households who udelectricity a) solely for lighting, b) for lighting and small appliances, and

c) for other energy services. Grouping the consumers will help to carry out detailed analysis
and to capture the rebound effastdiscussed in thatroduction.

Each partner countrgaried out the questionnaire witht &ast100 households.In
Laos 121 questionnaires were carried out\firentiane capital, which was largely urban and
suburban areasf Vientiane Capitalas shavn in Table2.
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Table2: Name list of surveyillages

Urban Suburban
Sisattanak District Hadxaifong District
1. UO01 BanSokpalang 1. RO1 BanSalakham
2. U02 BanVadnak 2. R0O2 BanNongveng
3. U03 Ban Thongpanthong 3. R0O3 BanDongkhamxang
4. U04 BanDonenokkhoum 4. RO04 BanNonghai
5. UO5 Ban Phonpapao
6. U06 BanPhontharh
7. UO7 BanDongsavéh
8. U08 BanDonkoy
3 Results

3.1 Costbenefit analysis

The Costbenefit analysifCBA) results are presented fable 2A: - Table 11A:
(without hurdle rate)andgraphicaly illustrated hereafter.

3.1.1 Lighting devices

CBA resultshave shown thatouseholdslo benefit from use of more efficient lighting
devices a seen fronFigure 1, CFL* use can save household up to arouBdo$ whole its
lifecycle (a), and LEDF usealmost4 timescheapein total life costscompared td-luorescent
(b), even thoughat the beginningcumulativelifecycle costs of LED were higheBreakeven
points for these cases are less than two. year

12.00 . 35,00
] Si0.67
— -
10,00 - 30,00 .
5.00 o
8.0
= L = 2 -
® 600 " .
= =15 .
1.0 '
.00 o 10,043 = 8.6
-
2.0} 5.0 ¥ i
—8— Incandescent CFL #— [nefficient Fluorescent Efficiemt LED
(1] 000
o 1 2 kK 4 1] 2 I & - Lk 1z
Year Year
(@) (b)

Figurel: Lighting devices

'CFL: CompacFluorescent Lamp
?_ED: Light Emitted Diode
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3.1.2 Television

The e of LCOTV become mordenefitin long run even thoughat the beginning,
life costs of LCD TV were higher thacost of the box TV Kigure 2, a)According our
calculation, lbeakeven forthe efficient LCD TV is about 7 yeargompared to inefficient
boxTV, which seems rather long

3.1.3 Rice cooker

The Figure 2, (b) shows negligible small benefit from use of efficient rice cooker
compared to inefficient oneOur survey team found that the benefits in term of energy
efficiency and product purchase casttwo categorie@are nearly the saméut the efficient
multifunctional rice cookers have the advantages in term of use convenience and cooking
quality. Lao peopleusually use rice cookeor cooking rice only and therefore they often
prefer ordinary rie cooker.lt is seen from thé&igure2, (b) that breakeven for efficient rice
cooker will not baeachedwvithin theproposed lifespan of 10 years.

400 A76.56 Rice cooker
350 1
- 157 a6 140.00
300 e . ‘ 1000 117.66
: ¥116.20
- 250 - - " =
Z . ~ 100,00
= ¥ 2 80.00
150 - M ’ // —+—Inefficient Rice cooker
S
100 g 6000 // Efficient Rice cooker
L) _ . S . T 4000 |
! #—[nefficient Box TV Efficient LCD TV S 4000 /
] 2000
] 2 4 & 1 10 12
v 0.00
ear 1 2 3 4 5 6 7 8 9 10
(a) (b)

Figure2: Television and rice cooker
3.1.4 Refrigerator

The CBA results show that the households do not benefit from the use of efficient
refrigerator compared to the inefficient of@gure 3, a). The total lifecycle costs of efficient
refrigerator are higher than those of inefficient refrigeralbiis clear that breakeven for
efficient refrigerator as compared to inefficienteowill not be achieved within the lifespan
period.

3_CD: Liquid Crystal Display
Pagel4



Effective energy efficiency policy implementation targeting IE;
iNew Modern Energy Consumero in the Greater Mek?©fgN Subregio

3.1.5 Electric Fan

The situation for fans and the reasons are as the same as for refrigégata3, b):
less benefitn using efficient fans

3.1.6 Air conditioning

Use of efficient Air conditioning system is clearly more benefit for household, as its
cumulative lifecycle costs are significantly lower than those of inefficient Bigure 4, a)
and breakeven is just about 2 years.

3.1.7 Washing machine

The efficient washing machines are more expensive and their total life costs are
slightly higher, compared to those of inefficient offégure 4, b). In this case, market
distortion in products price and quality probably are the cause of such results, people
difficultly to distinguish the good qu#yi from the bad one, as there no reliable data or
knowledge on labelling and quality control.

150 140
118.37 ]
Jag & :.: 1] — .IZ.\-.'.-I-
el oo - -
250 " ;l 30010 100 - " {14.84
e ® -
=] i » '_._.l" ) &0 - ~F
f L & .--" £ . .-"
= = \ ¥ -
150 - o r t
{[] A -"
¥
50 . . . . 0
—a— [nefficient Refrigerator —— Efficient Refrigsmtor —#— [nefficient Fan #— Efficwent Fan
i} i)
0 1 4 6 ] 10 12 0 2 1 i 8 1o 2
Year Year
(@) (b)

Figure3: Refrigerator and Fan
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Figure4: Air conditioning and washing machine

3.1.8 Electric water heater

Household is more benefit to use efficient water heafécient water heater costs less
in long run(Figureb).

When hurdle rates were put in to calculation the results slightly changed, less benefits
observed, except for inefficient incandescent versus CFL comparison and FL versus LED
lamp, as shown in Figure 6 (a) and Figure 6 (b), respectively. Here ateiluss for some
selected appliance$4ble).

B0
714.25
- ]
I}n /'J’/.
00 A
- 326
500 r,,{- 626.84
5 400 4/ P o
5 o
300
200
104y . :
—a—[nefficient Water Heater —®— Efficient water heat
1}
o 2 4 5] 8 10 12
Year

Figure5: Electricwater heater
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Ingandescent and CFL FL vs LED lamp
.00 2500
5.00 & without hurdle rate 20,00 mwithout hurdle rate  mwith lurdle rate
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mwith hurdle rate

Benefit, [USD]

: ol

]
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Benefit, | LS
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5[[[[[
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(a) Inefficient incandescent vs CFL

Figure6: Comparison of lighting devices benefits

(b) Inefficient Fluorescent Lamp vs LED

Total life cost benefits for TV become much smallesmpared to the case without
counting hurdle rate{gure7). The same trends were observed for other appligdegsils in

Table).

30.00
20.00
10.00
0.00
-10.00
-20.00
-30.00
-40.00
-50.00

Benefit, [USD]

m without hurdle rate

Box TV vs Flat screen TV

Year

m with hurdle rate

Figure7: Comparison of televisiohenefits

In case The CBA results in case of LADR show less benefits of the use of some
efficient appliancesThe reason isack of clearly distinguished difference between efficient
and inefficient refrigerators. Furthermoreajority of electric applianceselling inLao market
are imported from Thailand and usually with Label Number 5 quadither genuine or fake
one In many casesusers are confusingith circulating in themarket label number 5
especially people from the country side. Thus, for example, people bought a device with label
No 5 but actually they might get the inefficient one.

Other probable reasornsclude accuracy of the databtained from the surveys, for
example, compared appliances were of the same size or belong to the same class.
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Measurs to promote use of efficierdippliancesby households of this group were
suggested as the following:

1) Institutional intervention in term of strict contralverimported and distributeth the
market electric productenformationsharingcampaigns,

2) Financialsupport either directlyo low income householdso that they could obtain
more efficient appliancesr taxation measures to reduce imported efficient products;

3.2 LEAP modelling

In Lao PDR,it was estimated that the portion of MECON group gitbw from 37%
in 2013 toaround48% in 2030;herefore, share in energy consumption of this group will have
increasng trend. This study uses th&ey assumptions and energy consumptdata of
MECON householdgiven in Appendix B to create energy projection model in tHeAP
software.LEAP simulation haprojectedelectricity consumptioof three scenarios which are
bushess as usual (BAU) scenario, high energy efficiency (HEE) scenario, and medium energy
efficiency (MEE) scenarioThe HEE and MEE scenarios are developeltively to the
businessasusual (BAU) scenarib In the BAU scenario, the total final energy demand
increags from 392.7XTOE in 2014to 878.31kTOE by 203Qan increase 0124% (Figure
8).In the MEE and HEE scenarioBnal energydemandalso inceases, but at a lower rate than
the BAU scenario In the MEE Scenap, the final energy demanthcreass from 392.73
KTOE in 2014 to778.59kTOE in 2030, 0r98%; while in the HEE scenarioit increass from
392.73KTOE to 741.00kTOE, or 89%.Comparing the BAUnith MEE and HEEscenariosit
was found thattotal final energydemand in 203@vould reducdy 11%for MEE, and by
16%or HEE.

“For more information of the BAU scenario, pleaselssescountry report on Task 1.2
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Figure8: Final energy consumptian threescenaris for 20142030

As seen from theFigure 8, the total energy consumption of theao MECON
householddor three consideredcenarioshas a increasing trend. Théncreag in energy
consumption among ¢hMECON households ibaosis likely a resultof increasing household
incomesand/or anincreasan the numbeof MECON households

Figure9 shows the expectedlectricity consumption by Lao MECON households in
the BAU, MEE and HEE scenarios for period 262d30.Compared tdhe BAU scenario, i
was predicted that electricity comsption by Lao MECON households would be reduced by
35 kTOE (8% and56 KTOE @9%) for case of MEE and HEE scenarios, respectively.

Electricity consumption, kTOE

250
200
150 | I :
M Lao BAU Scenario
m Lao Medium EE Scenario
100
M Lao High EE Scenario
50

1234567 38 91011121314151617

Figure9: Electricity consumption i AO MECON households for 20130
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Energy consumption forcooking appliances

As shown inFigure 10, energy forcookingaccounts fothe highest sharef total final
energy consumptiom Lao MECON households. Based on BAU scenario, the most available
cooking devices in Lao MECON householdglude charcoal and biomass stoves, electric
stove and LPG stove, which consume 659.39 KkTOE, 25.36 KTOE, and 23.59 KkTOE,
respectively.

BAU scenario, all fuels I
800,000 Bl Lighting - -
Cooking -
700,000 Cooling - -
" Heating -
- Entertainment |
=2 600,000 [
E‘ ! Cleaning -
= Others -
= 500,000 - =
< =
< [
% 400,000 -
= _—

300,000
200,000

100,000

2014 2016 2018 2020 2022 2024 2026 2028 2030

FigurelQ: Final energyconsumption by categories, BAU scenario 2304

In the HEE scenario,a complete shifting from conventional cooking devices to
efficient appliancesreduce final energy demandy 88 kTOE12%) by 2030compared to
BAU scenario(seeFigure11).In the case othe MEE scenaripwhereit is assumd that 50%
and 90% of the MECON households in 2030 would adopt efficient cooking desticesas
electric,LPG, andbiomassandcharcoal sives, final energy demandbr cookingappliances
isreducelby68 KTOE ©%) in comparison tehe BAU scenaro.

Energy consumption for cooling appliances

Cooling appliances contribute to the second largest share of total final energy demand
in Lao MECON households.In the MEE and HEE scenarios, where it is assumed that
households would have adopted more efficient cooling devices, electricity consumption by
cooling appliances could be reduced by 4 KTOE (6%) and 6 kTOE (9%) for MEE and HEE
scenarios respaeely, compared to BAU casé&igurel?).
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Energy for cooking, kKTOE
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= Lao Medium EE Scenario
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Figure1l1Energyconsumptios by cooking technologiefor BAU, MEE, and HEE scenarios

Based orthe BAU scenarig the highest electrity consumptiorby coolingappliance
in 203@vould berefrigerator(37 KTOE), followed by fan(28 kTOE) andAC (3KTOE). It was
noted from the survey thatectric fars arethe main cooling appliance amotav-income
householdgfans wereowned by90% of MECON householfisand are alsosal everyday.
This is an important poirfor policy makerto considewhile developing energy policies.

80

Energy for Cooling, kTOE

70

60

50

® Lao BAU Scenario

40

30

20

10

m Lao Medium EE Scenario

M Lao High EE Scenario

Figurel2 Energy consumptianofcoolingtechnologiesor BAU, MEE, and HEE scenarios
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Energy consumptionfor lighting

Lighting devicesaccounted fothe third largestfinal energy demanth Lao MECON
householdgFigure 8). Figure 13showselectricity consumptionof lighting devices for the
threescenaris.

It was assumed thaty 2030, fluorescent lights would comprigke highest percentage
in Lao MECON householdand consune 46 KTOE of energy (97% of total electric
consumptionfor lighting). As seen fromFigure 13the adoption of meoe efficient lighting
devices can lead to significant reduction in electricity consumption by MECON households.
In the MEE scenarioadoption of more efficient lighting devices helip redue electricity
demandin 2030by 25 kTOE £2.14%) and 36 KTOE (7%) for MEE and HEE scenarios
respectivelycompaedto BAU. This would be another important point of consideration for
policy makes while drafting energy policies.

Energy for Lighting, kTOE

60

50

40 —

20 ]

10 |
M~
—i
&

Figurel3: Energy consumptianoflighting technologies

M Lao BAU Scenario

Lao Medium EE Scenario

M Lao High EE Scenario

2030 —

2028
2029

Energy consumption for entertainment appliances

As mentioned in report Task 1.%y 2014 TV comprises the highest final energy
demand, approximately5ZkTOE, which is 96.38% of total energy demand by entertainment
categoryin 203Q It was found that there are gniwo technologies, i.e. CR{mostly) and
LCD (rarer)used in lowincome householdst was assumedn our modéng that by 2030,
efficient TVs would replace CRTs by 40% in MEE, ah@0% in HEE By 2030, ths
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substitutionwould helpto redue energy demandor TVs by 14% in HEE scenario, and by
6% in MEE scenario compaato the BAU scenaridFigure14).

Energy for Entertaiment, kTOE

30

25

20

B Lao BAU Scenario
15

»w Lao Medium EE Scenario

10 B Lao High EE Scenario

Figurel4: Energyconsumptiorby entertainment technologies

Energy consumption for heating appliances

Main Heating appliancefor Lao MECON householdsclude electric kettieandelectric
water heater(for shower). Someolar water heateand electriair heaters are also used, in artar
in Northern part of the countrintroduction of MEE and HEE scenarios would lead to energy
reductionin 2030 by0.692 kTOE (7%) and.h31 KTOE (16%) for MEE and HEE scenarios
respectively, compared AU scenarigFigurel15)

Page?23



I}

L
Ly N
a4

Effective energy efficiency policy implementation targeting R
iNew Modern Energy Consumero in the Greater Mek?&gy Subregi o
Heating energy, kTOE
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Figurel5: Energy consumptiaby heatingtechnologiesluring 20142030
Energy consumption for cleaning appliances

Cleaning appliance@vashing machines and vacuum cleaners) accoumrigr0.17%
of total energy demandly 2030. The BAU scenario projection shows thaty 2030, the
electricity demand for washing machines and vacuum cleanets5@rand 0.05kTOE
respectvely.

According tothe MEE and HEE scenarioby 2030electricity demanaf appliances in
this category would be decreasedi©6 kTOE (11%) and0.288 kTOE (19%) as compared
to BAU case Figure 16). The HEE and MEE scenariosassumedhe substitution 100% and
40% of efficient technology to the conventionatashing machine and efficient vacuum
clearer, respectively.
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Figure16: Energyconsumption of cleaningtechnologiesiuring 20142030

Energy consumption for other appliances

The Gtherb categoryof appliancesereincludes electricwater pump and electric iron.
The other categoryccounts for0.93% of final energy demand. The electricity demand
reductionin 2030 for HEEand MEE scenarioxompared tdBBAU casefor these appliances
respectively would be around 794 KTOE (10%) and 1,611 KTOE (2B%ire 17).These
reductiors areresultof the assumptionf 50% andlL00%replacement ofonventionaklectric
iron by the efficientone for MEE and MEE scenarios respectively

The results of the LEAP modelling for BAWMEE and HEE scenarios, show the
benefits of the adoption of more efficient technology by MECON households, as it helps to
reduce energy demand by households.
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Figurel7: Energy consumptianofothertechnologiedor different scenarioduring 20142030

In figure 18 showrsummariesf reductions in MEE and HEE as compared to BAU
scenario in 2030scenario, the most considerable reduction is observed for lighting devices
52%ollowed by cleaning (11%), other applices (10%) and cooking (9%@®ompared to
BAU, as depicted ifigure 18However, for HEE scenarithe pictures are slightly different,
most benefitds gained from the adoption of efficient lightif@5%), then other appliances
(20%), cleaning (19%), heiy (16%), entertainment devices (14%€ooking devices
(12%)and so on.

2030 Reductions, compared to BAU

lighting
Cleaning
Other

Cooking = BAU-HEE

Heating W BAU-MEE
Entertaiment

Cooling

0% 20% 40% 60% 80%

Figurel8 Summary ofEnergy consumption reductions in 2030 fEE and HEE scenarios
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3.3 Rebound Effect
3.3.1 Characteristics of the sample

Lao Task 5 surveys were carried out in suburban areas of Vientiane Calpifaily
more than half (54%) of respondenter@female (Figure 19a), and most respondentgere
aged between 389 yeasold (75%)(Figurel19b).

Around 55% of respondents wer¢he chief wage earnens the householdsthe
remainder wergarents of the chievage earner (22%}he sonor daughter (18%)Kigure
208).A majority of respondents work as Government, teacher and other profes$iital),
followed by construction @6), retailers/street vendor (21%selfemployed (6%)agriculture
(4%), (Figure 20b). Almost B% of respondents haskecondary education or higheavhile
17% had only a pmary educationKigure21).

Respondents' Age

e I

(@) (b)

Figure19: Respondentsex andage

Relation to chief wage earner Occupation of the chief wage earner
Onkor [pduase iy} [ 3%
Spouse . 2% Retired | 1%
Leemplyed W 2%

Sell-emploped [ 0%

Germrrment, leacher or olber prolessiond [N

Retalf sirsetwendor [ ;1%

son/oaughter | 5% e

Agricelgrs [ 2%

() (b)

Figure20: Relation to the chief wage earr@rdoccupation othe chief wage
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Education level

MO ansae! . e
Mo Formal education . e
primory | 17
secondary [ s
Collegef niversiy [ -

Figure21: Education level ofespondents

When respondentsvere asked abouwho in the household maddecisiors about
electricity, 44% of respondents said that theydenthe decision jointly with other family
members, 34% decidey themselveswhile the remainder said either that their spouse or
children made the decision, or that they dad know(Figure22a).There is a difference ithe
genders of those who makecisiors onelectricity. men are more likely to malkaecisiors on
electricity themselves (43% vs 23% for female), wkilementend tomakedecisiors jointly
with others (45% v#3% for male) For cooking fuels, there was no gender difference and
men and women were equally likely to make decisions about cooking fuels (see Figure 23b).

Decision about electricity Decision about cooking fuel

Male ® Female ® Total Male mfemale mtatal

Skipped Skipped )

My husband/ wife My husband/ wife )

My son/ daughter My son/ daughter )
| do, jointly with others I do, jaintly with others)
Ido) ldo)

(a) electricity (b) cooking fuel

Figure22: Decision abouéenergyuse

The survey showed th&ibusehold had a mean numbér57 personsthe maximum
was7 andthe minimumwas1. Average number of ddren under 16 is 1.65 (max3, min 1),
while average number of earning income members is 2.24 (max 6, miiglye23)
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Household size

W average Wmax  ®min

7.00
600
4.57
300
2.24
165
1.00 . 1.00 . 1.00
household size Children under 16 Earning oncome

Figure23: Household size

According to MECON definition, average per capita incambetween US$-8 per
day or equivalent to $ 6050 per month.Household income distributiomf surveyed
respondents is presentedrigure24. The average number dbusehold members earning an
income was 2.24 (see Figure 24). Table 3 shows the restiits aferage per earning member
monthly income.lIt is seen that thesamples, whichmatcred MECON group would
approximatelybe around 65%.

Monthly Household Income

No answer
>600USD
540-600USD
480-540USD
420-480USD

361-420USD

301-360USD

241-300USD

181-240USD
121-180USD 26%
61-120USD

< 60USD

0% 5% 10% 15% 20% 25% 30%

Figure24: Proportion in averageontHy income
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Table3: Per capita incomeer month

Household Income range Per earning member Total samples MECON
(monthly) (monthly)
<60 USD <27 8%
61-120USD 27-54 20%
121-180USD 54-80 26%
181-240USD 81-107 22% 65%
241-300USD 108-134 11%
301-360USD 134-161 6%
361-420USD 161-188 2%
420-480USD 188-214 1%
480-540USD 214-241 1%
540-600USD 242- 268 0%
>600USD > 268 2%
skipped skipped 2%

3.3.2 Status qua(Section B)

The last month averagexpenses show that food is standifig 158 USD), followed
by housing (52 USD)education (38 USD) andransportation (27 USD). Electricity sll
together withclothing &furniture areranked5™ (20 USD) Figure25). Expenses for cooking
fuels, water bills, saving and others are relatively small and caourged aseast impotant.

Last month expenses, USD

Food e 158
Housing I 52
Education s 338
Transportation w27
Electricity bills s 20
Clothing & furniture w20
Healthcare e 19
Cooking fuels.. B 14
Waterbills W 10
Other W 8

Savings &investment W 5

Figure25: Last month expenses

Almost 89% of respondents pay for their electricity bill monthly when they received
the bills, some 8% pay when they have money and 2% pay quéFRigiye26).
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Payment for electricity bills
Quarterly 2%

When | have the mone 8%
weekly | 0%

Monthly 89%

Figure26: How do people pay for their electricity bills?

Electricity was always available for almosli (99.2% respondentsExpenditure on
energywas dmoderatelp to ccompletelyp acceptable for79% of respondentsHigure 27),
Gslightly acceptabl@for 17%andnotat allacceptabldor only 4% of respondents.

Most households usealectric cooking appliancetce codker (94%), electric hot plate
(84%Y. The se of traditional (inefficient) and efficient biomass s®wemained high, 79%
and 55%, respectivelyF{gure 28). The use bLPG andownership ofmicrowavewasrarer,
(19% and 8%, respectively) and keroseraes notused byany household for cooking

Propotions between energy expenses and income
not at all
acceptable
completely
slightly acceptable
acceptable ‘
17.4%

18.2%

very
acceptable
moderat 28.1%

acceptabl
32.2%

Figure27: Acceptability on proportions between household energy expenses and income

°Hot plate: here people also do refer to popular electric frying pans/hot pot

Page31



Effective energy efficiency policy implementation targeting 1
iNew Modern Energy Consumero in the Greater Mek?©fgN Subregio

Stove use

Microwave oven
Kerosene stove
LPG burner/ stove
Rice cooker 94%
Electric hot plate/ stove 85%

Improved biomass stove

Traditional biomass stove 79%

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

Figure28: Stove use

Almost 96% of surveyed households use fluorescentsttdoelighting (Figure 29),
followed by CFL (66%) and incandescent bu(B8%). The se of LED and kerosene lamps
was negligible. The use of candles (33%) and batteries/torch (3&#%)also high; however,
the surveys were conducted in grid connected areas, wheressandégtery/torchareused as
emergency lightfor examplewhen the power is off, for walking outside at nightor in
religious ceremaes but not for normal lighting purpose. Therefore, this was probably
misunderstanding of the respondents on this matter.

Lighting

Light Emitting Diode lamps
Compact fluorescent lamps
Fluorescent lamps 96%
Incandescent light bulbs
Kerosene lamps

Batteries/ torches

Candles

Figure29: Lightingdevices

Other appliances owned by respondents include refrigeraor mobile phorse(both
99%), electric fas (98%), electric irom (87%), Box T\ (81%), electric kettle (75%), and
video/DVD playes (71%).Around half of the respondenfsssessd washirg machine (50%),
radio (48%), computer (45%), electric water pump (45%ji/$ound systems (39%) and air
conditioning unit (36%)Fewerrespondents uddlat screen TV solar water heatewacuum
cleaneyrandelectric heatex(Figure30)
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Owning of other electric appliances

Electric heater 2%
Solar water heater 5%
Vacuum cleaner 8%
Electric water heater 21%
Flat screen TV 25%
Air conditioning unit 36%
Hi Fif sound system 39%
Electric water pump 45%
Computer 45%
Radio 48%
Washing machine 50%
Video/DVD player 71%
Electric kettle 75%
Box TV 81%
Electriciron 87%
Electric fan 98%
Refrigerator 99%
Mobile phone 99%

Figure30: Owning of dherElectricappliances

3.3.3 Impacts of household electricity consumptions (Section C)

It was reported that 43% of respondeindéd notedan increase otheir electricity bill
during the past six month$or 36% of respondents there had been no change, while only
0.83% had seen their electricity bilecrease2 0 % d i d nTable4)k Rossivle reasons
for the increasein electricity bills include,(1) pricing policy (tariff increaseff) or (2)
seasonal changeshifting from cold dry season (lower energy consumption) to hot dry one
(higher energ consumption}-or the household which had noticed a decrease in the electricity
bill, the respondent indicated this was because the house had been unodoupigdhat
period.

Table4: Change in electricity bills over the past six months

Status results
Increased 43.0%
stayed the same 36.4%
Decreased 0.8%
Don't know 19.8%

To understand household expenditure priorities, respondents were asked to indicate
how they would spend the additional monéglectricity bills were to decreasewas found

® As a component of EDL reform, the electricity tariffs in Lao PDR have been gradually increased since 2004,
until 2017. since 2004 up to
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that people would spend 22% for fodd{% for education, 12% for housingndl0% for
clothing and furniture Kigure 31). Cookingfuel wasnot priority expenditure forespondents
which ranked théowest(4%).

Percent of expenditures of decreased electricity bill

Don't know -
Cooking fuels 4
Savings & investment 8
Healthcare 8
Electrical appliances 9
Transportation 9
Clothing & furniture 10
Housing 12
Education 17
Food 22

Figure3L1 If electricity bills were to decrease, what percent of the money saved would you spend on
the folowing.

Asked specifically about expenditure on electrical applianbesrdsults shoed that
around56% of respondentsvould buy an appliance that thepwe never had beforghile
22% of them would like to upgrade/replace an appliance they already dradl€&% of
respondents wouldontinue touse their existing appliances mdfggure 32). Around 6% of
respondents did not know or skipped thuestion

which of the following would you be most likely to
do?

skipped | 1%

Dot koo . 5%

Buy an appliance that I've newver had
before

5%

Upgradey replace an appliance | already

hae 22

Use my existing appliances maore

16%

Figure32: If you were to spend the money that you had saved through lower electricity bills, which of
the following would you be most likelp do
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The results suggest th&lIECON households are most likely to purchase new
appliances This would lead toincread electricity consumption especially ifinefficient
appliancesveremainly purchased

Question C03 asks respondentsniagine that theyave an extra US$ 10 eatevery
month,they were then asked which of 10 expenditure categoriesatbelyl theyspend it on
The answers wenankedin order of importance with 1 being the most importamd 10 being
the least important.

Ranked expenses of extra $S10

Other 10.0
Savings & investments 6.5
Cooking fuels 6.2
Healthcare 5.8
Clothing & furniture 5.4
Transportation 5.2
Electrical appliances 5.2
Housing 4.2
Education 3.9
Food 2.7

Figure33: Ranking of expenditure of extra $10 from saved electricity bill

The results show thafiood was ranked the highestvhile purchase of electrical
appliancesvas fourthand cooking fuelseventh These iindings indicatehat expediture on
energy, especially fuels for cooking not the most urgent issue for respondenthese
results show that the mosgnportant expenditure categoridsr respondentsvere food,
education and hougyn These werdollowed by electric appliancesyransportationclothing
and healthcare. Cooking fuel, saving or investmentsre given the lowest ranking by
respondents.

This raises the question obWw expenditure on energy (i.e. electricity/ cooking fuels)
ranks in importance in comparison to othecame categoriesThe surveyresultsshow that
experditure onelectricity bill was rankedfifth of 10 expemliture categories Kigure 33) and
comprisedof 5.5% of total monthly expeliture (Figure 34). Cooking fuels rankeeéightand
accourted for just3.7% of the total expenditur&he resultsndicatethat energy is not among
the mostimportantissues for respondentstherfood, housingand educationare priorities.
Two possible explanations may be given for the low priority given ¢éoggnexpenditurefl)
therelatively low electricity tariffin Lao in comparisomo neighbouring countriegand(2) the
dominance of biomass enerfyy household cookingyhich ischeap and easily available

Page35



Effective energy efficiency policy implementation targeting :}i
iNew Modern Energy Consumero in the Greater Mek?©fgN Subregio

Last month expenditures, %
Food 42.60
Housing
Education
Transportation
Electricity bills
Clothing & furniture
Healthcare
Cooking fuels (fuelwood, charcoal,... 3.74
Water bills 2.78
Other 2.09
Savings & investment 1.30
- 10.00 20.00 30.00 40.00 50.00

Figure34: Percemigeof last month expensgsoportion
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4 Discussion

It is interesting to comparthe MECON survey results (ifasks 3 & 5) with findings
from other studiesThe Lao PopulationCensus (PC) and Lao Expenditure and Consumption
Survey (LECS) are the only existimgliable comprehensive studies in Lao PDR in teoin
population census and expendituds a rulethe LPC are conducted once every 10 ngeand
the LECS everyfive years. The last L& was carried out in March 2015 and the redudtge
not yet beenannounced the most recentLECS (LECS V) was carried oubetween2012
period and the results have been published recdrilye results of theLECSV aretherefore
usedfor comparison withthe MECON surveys.

For LECS V, 8,226 households in 515 villagesere surveyedof which 138 villages
werein urban areas, 34Werein rural areas with road accessd 36 in rural areas without
road accesLECS V, 2014)The MECON targeted groups -i s
poor group withanincome twiceabove thepoverty lin€, i.e. more tharS$ 3 per capita per
day (MECON group: &6 US$ per capitper day.

Although the expenditure categories varied, #sults ofthe two studiesshowsimilar
trends For exampleexpenditureon food, utilities and fuelandhousing areankedthe highest
(Figure36, Figure36 andTableb).

LECS V results, % of expenditures

m Non-poor, above twice poverty line

Food total 56.2
Transport and communication
Utilities and fuel

Alcohol and tobacco
Household sundries

Clothes and footwear
Recreation and culture
Medical care

Personal care items

Education

Miscellaneous

Figure35: LECS V surveyesults

" National poverty line was set at 1.5 US$/person/day.
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Share in household expenses

Food
Housing

42.60

Education
Transportation
Electricity bills
Clothing & furniture
Healthcare

Cooking fuels (fuelwood, charcoal,... 3.74
Water bills 2.78

Other 2.09

Savings & investment 1.30

- 10.00 20.00 30.00 40.00 50.00

Figure36: MECON surveyesults

In term of possession oélectrical appliances, the results of two studiéso show
similar trend: TV, mobile phonerefrigerator and rice cooker are among the most popular
appliancesKigure37).

Owning of electrical appliances, %
B MECON W LECSS
Computer 16.1 446
Vacuum cleaner 353
Air conditioner 115 36.4
Washing machine 536 50.4
Radio, VCD 21.7 479
Mobile phone 264 99.2
Refrigerator 775 99.2
Television 883 100.0
Rice cooker 677 94.2

Figure37: Possessionf electrical appliances

Table 5 presentedthe percentageof household which ownlarge appliancesthe
results of the Task 8urveyare also given here for comparison. Although the figures are
differert, the overall trends are similar, in particular thehigh percerdge of TVs and
refrigeratos, andthelower washing machine and air conditioning desgi
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Table5: Comparison to other survey findings

MECON survey LECS V

Householddrge (2012/13)
appliances Task 3 Task 5 Lao PDR Non-poor, above

(2014) (2015) total twice poverty line
Refrigerator 97% 99% 56.4% 77.2%
TV 100% 100% 75.1% 88.3%
Washing machine 68% 50% 14.8% 28.6%
Air conditioning 34% 36% 5.1% 11.5%

Another point for discussion ishe lack of legal framework and measure®r
promotng energy efficiency and conservatjomhich would support strictecontrol over the
import, distribution and use @lectricappliancesas well as knowledgeharingandaccess to
information

A comparison otheresuls of the LEAP simulationandprojections bythe Ministry of
Energy and Mines (REFERENCEhows significant difference in household electricity
consumptionthe results differ bylmost50% (Table 6). However both casesshow similar
increasing trenslinenergy consumption in household sectod theresearchiesultspresented
in this report nght be useful for policy maken developng energy polites which will help
to achieve nationaiarget10%reduction of total final energy demabgl 2030as compared to
BAU.
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Table6: The mmparison of energy consumptiosnMECON household sector obtaining from
MECON LEAP model and JICA study

Total HH E_Iectric %SHARE Electridty consumption in Electridty consumption in
Year | Consumption, MECON ME_CQN HH(_bgsed on MEM| MECON HH byMECON

[kWh] projection]Million kWh] LEAP, [Million kWh]
2013 1365.63 37.59 513.34 934.71
2014 1403.19 38.82 544.72 1000.52
2015 1441.78 39.98 576.42 1066.34
2016 1481.43 41.07 608.43 1133.87
2017 1522.18 42.08 640.53 1202.85
2018 1564.04 43.02 672.85 1273.54
2019 1607.06 43.89 705.34 1345.96
2020 1651.26 44.68 737.78 1419.78
2021 1696.67 45.39 770.12 1494.98
2022 1743.34 46.04 802.63 1572.19
2023 1791.28 46.60 834.74 1650.38
2024 1840.55 47.09 866.71 1730.18
2025 1891.17 47.51 898.49 1811.56
2026 1943.18 47.86 930.01 1894.50
2027 1996.63 48.13 960.98 1978.55
2028 2051.54 48.32 991.30 2063.59
2029 2107.96 48.44 1021.10 2149.97
2030 2165.94 48.49 1050.26 2237.61
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5 Conclusions

The ®@stbenefit aalysis has showtihe benefits fromthe use ofsomeefficient electric
appiancesversus inefficient ore however, the results are uncertéon many appliances
because the definition of efficient appliances in ksatill unclear.As a result, pople may
face difficultiesin distinguishing efficient appliances from inefficient ogse

The household survey have shown that enesgpenseare not the most criticaleeds
for Lao MECON households, compared to other needs such as food, hoaisderucation.
Such trendfound by MECON surveyis similar to o her exXi stingSuchkt udi e:
situation, together with low inconsgatus would be a big challenge f@netrating oéfficient
appliances which, as found from the survey, have higher capital costs. In this relation,
significant incentives in tergof financial or other supportsould be required.

LEAP simulation for different scenarios, namely BAU, MEE and HEE has shown
benefitsfrom adoption of more efficient technology in MECON households in ternotaf
final energy consumption and electricity demaftle most considerableductionfor both
scenarioss observed for lightinglevices
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Appendix
Appendix A
TablelA: Data and assumptiomar costbenefit analyses (CBA)
All surveyed households
. % of
Appliance Power Amount of households | Energy % of household Life time of | Capital
consumption| appliances Hours used| owning the | consumption owning the EE | Maintenance | appliances, | cost,
(W) per householq (hours/day)| appliance (kwh/HH/year) | appliances cost, (USD) | (Years) (USD)
Incandescent light bulb 50 2.82 4.57 25.56 83.40 0.00 1,125 hrs 0.62
Fluorescent light bulb 35.84 4.98 6.44 96.67 84.25 0.00 20,000 hrs 1.48
Compact fluorescent light 18.66 3.12 5.94 31.11 40.46 0.00 6,000 hrs 2.72
LED 7 0 2.71 0 6.92 0.00| 100,000 hrs 5.86
Cooking appliances
Rice cooker (EE) 464 1.03 0.65 110.08 10 7.00 5 25.47
Rice cooker (Existing) 580 1.03 0.65 90 137.61 7.00 5 14.48
Cleaning
Washing machine (EE) 457.616 1 0.2 33.41 5.56 15.00 5 183.00
Washing machine (EXxist) 572.02 0.2 40 41.76 15.00 5 169.75
Cooling appliances
AC (EE) 2812.8 0.22 2.83 2905.48 6.9 25.00 10| 548.78
AC (Existing) 3516 2.83 8.89 3631.85 25.00 10| 365.85
Refrigerator (EE) 1 12 139.20 60 15.00 10 154.32
Refrigerator (Exist) 14 98.89 174.00 15.00 10 124.00
Electric fan (EE) 46.4 1.73 6.41 108.56 13.82 6.00 10 45.00
Electric fan (Existing) 58 6.41 86.18 135.70 6.00 10 21.50
Heating
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