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Abstract: Under the Sustainable Development Goals (SDGs), the world has pledged to “leaving no
one behind”. Responding to goal No. 7 on the agenda, efforts to provide modern energy to all the
world population must be pushed forward. This is important because electrification in the rural area
can indirectly support opportunities for social and economic development resulting in an acceleration
of the eradication of poverty. The research goal of this study is to contribute insights about the scale of
energy demand in unelectrified villages in the Southeast Asian countries and to discuss some factors
that might influence the energy demand growth. This is done by making projections based on surveys
and interviews, including a time-use survey, in three off-grid villages located in Myanmar, Indonesia,
and Laos. Our analysis presented the living condition, highlight the types of energy sources, how,
and in what rhythms people use energy on a daily basis in those villages. The demands in each case
study villages were then projected based on several constructed scenarios. It was found that the
factors of household size, proximity to the city, climate, and topography may influence the present
and future growth of energy demands in the villages. The estimated energy demand may be useful
for project managers to design a pilot off-grid energy system project in a similar environment and
pointed out important factors to consider when formulating off-grid energy policies in the region.

Keywords: off-grid electrification; energy demand; Southeast Asia; energy use; time-use;
rural electrification; rural development; sustainable development; sustainable development goals

1. Introduction

While most of the countries in Southeast Asia aim for universal electrification rate by the year
2020 to 2030 [1], it is predicted that some of the rural population in the region might not be able to
have access to electricity by then. This might be due to various technical and financial challenges,
such as securing funding for off-grid solutions, challenging logistics, and challenge in finding the
appropriate business models [2]. Microgrid solutions using renewable energy is often suggested to
respond to those challenges, [3]. Either by combination with grid extension [4] or as a stand-alone
system. These solutions are considered as having the more appropriate level of investment costs in
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catering relatively low density and low-income population in off-grid rural areas [5-8]. Additionally,
there are social and sociological challenges that complicate the conditions such as challenges to
encourage people’s interest in investing in new technology [9] and their willingness to sustain the
energy system [10]. In 2015, the world pledged to “leaving no one behind” under the Sustainable
Development Goals (SDGs). Based on this commitment, efforts to provide modern energy to these
population in the region must be pushed forward.

1.1. Literature Review

Studies have shown that electrification in a rural area can indirectly support opportunities for social
and economic development [11]. Improved access to modern energy can influence critical components
of poverty, namely; health, education, income, and environment [12] resulting in acceleration of
the eradication of poverty. Due to the relatively high population of the Southeast Asian region,
a small percentage of the population without access to electricity equals to several millions of
people. For example, there are 1.5%, 6%, 4.7%, and 1% of population in Indonesia, Laos, Philippines,
and Vietnam of population without access to electricity respectively that equals to 3.9 million, 1 million,
5 million, and 2 millions of people, respectively [13]. Countries such as Cambodia and Myanmar are
especially severe as these countries only have 60% and 40% of their population living with access
to electricity respectively [13]. Moreover, the rate of electrification does not say anything about the
reliability or the stability of electricity supply, especially in rural areas. Evidence shows that electricity
blackout is still often experienced by the end-users in many Southeast Asian countries [14-16].

Considering the often geographically challenging access to the rural areas still without access to
electricity (for example small islands, villages in the middle of wide agricultural or plantation areas,
and areas with challenging terrains), a thorough study is important to formulate and plan the most
appropriate solution for each local case to avoid sustainability failures. Specifically, the technical,
economic, and social factors should be considered at the local scale [17,18]. Research-wise, it is then
necessary to note about how such local-level analyses is positioned in terms of critical perspective and
transferability issues; case-based approaches do not aim at inferential generalization, but rather present
opportunities for knowledge translation across cases based on critical assessment of similarities and
links in order to achieve better understandings and practice-oriented knowledge [18,19]. Additionally,
the field survey activities in each of the case study villages can also be aimed to create engagement
with the participants. In the process of case village field surveys, networks built at the local level can
be used to better plan the actual follow-up electrification projects involving the community, and local
government, as well as to create a democratic and participatory environment [18,20,21].

1.2. Aims and Scope

The goal of this study is to present some insights about the scale of energy demand in a typical
unelectrified Southeast Asian villages by providing an energy demand projection and simulate growth
on the basis of several constructed scenarios. While similar works of using the ecosystem approach
to discuss energy use in a community have been done [18,22], such works were done in either in the
scope of buildings, in urban settings, or in European countries. Rural areas in the Southeast Asian
region may appear as less of economic and political interests while actually, the population living in
such an environment is quite significant [13]. Agricultural activities in this region also contribute quite
significantly to the national economy in general (for example, the palm oil plantation in Indonesia).
It is necessary to explore and support data about the energy use in such areas so that actions from
the government or other stakeholders to improve people’s livelihoods can be aided. To achieve our
research goals, our research tasks are the following: (1) Conducting field surveys that collect both
quantitative and qualitative primary data through interviews and questionnaires. (2) Projecting the
energy demand in each village using the collected information. (3) Constructing four different scenarios
based on the field survey and projecting the energy demand growth.
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2. Materials and Method

2.1. Case study Villages

In choosing the case study villages, we communicated with the local government in each country
to identify and choose a village that was still unelectrified. The village managers were contacted to
inquire about their willingness to take part in the study. We asked whether they could invite their
residents to come to the village assembly hall, to the house of the village manager, or by home visits to
respond to our survey. The number of participants were achieved by aiming as many respondents
as possible but also by considering the proportion to the village population, how diverse the job
of the residents is, and our approaches in collecting the survey based on our resource limitations
(Table 1). There are 100 invited participants for the Myanmar case study (total households: 300 with
a medium job diversity), 60 invited participants for the Indonesian case study (total population:
60 households with low job diversity), and 60 participants for the Laos case study (total population:
305 households with low job diversity). The Myanmar participants gathered in the assembly hall,
which was an open-air medium size hut, the Indonesian participants gathered in the village manager’s
house, and home visits were conducted in the Laos study with a speed rate of about 5 households
per day. The survey questionnaire was written in English and then translated by our research team
members in the respective countries to the local languages. We read each question out-loud to the
respondents to help those with limited literacy levels. We also assist them when they were unsure
about their understanding of the questions.

Table 1. Participants’ attributes and survey sample size.

Myanmar Indonesia Laos
Number of Participants 100 60 60

Total Number of Households 300 60 305

Job diversity Medium Low Low

Location of Survey Assembly Hall  Village Manager’s House  Individual Home visits
Percentage of male participant (%) 50 70 50
Percentage of female participant (%) 50 30 50
Age average 40 41 43
Percentage of last education level

Never went to school (%) 24 15 0
Elementary school (%) 9 63 77
Junior High School (%) 30 13 17
High School (%) 20 7 4
University or Vocational School (%) 16 2 2

2.1.1. Thae Kone Village (Myanmar)

The village has approximately 300 households or equivalent to about 6000 people. Among the
case studies in this paper, Thae Kone village has relatively easy access to Mandalay city, through the
village entrance on the 19th street. From the 100 invited respondents answering our survey, there were
about 85% eligible answers. The average age of our respondents was 40 years old, with about 30% of
them have completed junior high school, 20% high school, 16% university, and 9% elementary school
as their last education. The rest of the 24% never went to school. Due to the closer proximity to the
city compared to the other case studies in this paper, the type of occupation of the Thae Kone village
residents is also the most diverse. They work as tailors, in the military, as government staff, drivers,
construction workers, school teacher assistants, saleswomen and men, goldsmith workers, and farmers.
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While most houses in the villages were made of bamboo, some houses were made by wood and very few
houses were made of concrete with the support of diesel engines. The average of a household member
in each house is 5.1 persons, and the average household income is 39,178 MMK/household/month or
about 28.7 USD/household/month (March 2020 conversion rate).

2.1.2. Karya Jadi Village (Indonesia)

Karya Jadi village is divided into seven communities called Rukun Tetangga (RT). RT is a
community unit in Indonesian cities and villages, usually consisting of about 200 households.
The surveyed RTs in this study were RT number 6 and number 7 of Karya Jadi village. These RTs are
surrounded by hectares of palm oil plantation areas. Due to the remoteness of the villages, there are
only a total of about 60 households living several hundred meters apart from each other, and all of
them were invited for the survey. All of the invited household representatives attended the survey
session, and there are more than 90% eligible answers for analysis. The average age of the respondents
was 41 years old, 63% of them completed elementary school as their latest education attainment,
followed by junior high school (13%), high school (7%), and vocational school (2%). As the village
is isolated in the vast area of palm oil plantation, naturally, the type of occupation of the residents is
common, as plantation farmers. There are two major types of plantations in the area: palm oil and
rubber trees. A smaller number of farmers also work in the rice plantation. The houses of the residents
were commonly made of wood with the kitchen area located above a canal or a small river for direct
household waste disposal. A toilet is usually attached or detached from the house positioned above
the canal or a small river for direct disposal of human waste. Due to the popularization of “Family
planning: Two children are better,” by the national population and family planning agency (BKKBN)
back in the 1970s through the 1990s, it is common to see families having two children in Indonesia
even presently. The average household size in Karya Jadi village RT 6 and 7 is 3.4 persons, and the
average household income is 258,636 IDR/household/month or about 17.97 USD/household/month
(March 2020 conversion rate).

2.1.3. Houaykhing and Houayha Villages (Laos)

The Houaykhing (HK) and Houayha (HH) villages, our third case study location, are located
side by side within the Houaykhing village cluster, Phonsay District, Luang Prabang Province, Laos.
The HK village is populated with 1595 people or 245 households, and HH village is populated with
418 people or 60 households. Our survey respondents were 30 households in each of the villages,
totaling 60 households. Because we visited each household for the survey purpose, 100% of the
collected survey were eligible for analysis. The average age of the respondents was 43 years old, 77% of
them have finished elementary school education as their latest education attainment, followed by 17%
junior high school, 4% high school, and 2% university level. The village is located near the forest,
and most of the residents are having a common occupation as rice farmers or raising livestock animals
in small scales. Houses are commonly made of wood, which can be collected easily from the nearby
forest. The average household size in the HK and HH villages is 7.9 people, which is significantly larger
than our two other case studies. The average household income is 160,725 LAK/month/household or
about 18.05 USD/month/household (March 2020 conversion rate).

2.2. Survey Procedures

The survey procedure and methods chosen in this study have gone through trials and applications
for primary data collection in various Southeast Asian countries conducted in our previous studies [23,24].
We also have reviewed various methods, both the qualitative one with semi-structured interviews such
as the one done by Sarrica et al. [18] and the quantitative one by Guarini et al. [22]. The approaches
taken in this study is the combination of both qualitative and quantitative surveys.

In this study, we selected three villages in the Southeast Asian region located in Myanmar,
Indonesia, and Laos as our case studies. There are four parts of the survey questionnaire (Table 2);
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the first one is about the respondent’s necessary demographic information such as household size,
migration activities, and education levels. The household characteristics are known as one determining
factor in energy consumption [25]. Most of the respondent had no difficulty in answering this part of
the questionnaire. The second part is about energy-use for basic needs related information such as
their lighting sources, how do the respondents secure clean water for bathing, washing, and drinking
purposes, means of food storage, and source of cooking fuel. This part is to see a holistic view of the
different types of energy supporting the daily activities of the respondents. The third part is about
household income and expenditure. The last part is a time-use questionnaire to identify the pattern of
the daily activities of the people. During the survey, it was found that the time-use questionnaire was
too challenging for the participant to answer because it required a multidimensional understanding
(place, time, and activities) of the answer table on the questionnaire sheet. However, the time-use
questionnaire is a necessary aspect of the study because a self-reported activity is a good predictor
of electricity demand [26]. Time-use data analysis could identify the relationship between place,
time, and expenditure, and their rhythm [27], which will be vital information to formulate dynamic
electricity pricing and to design an accurate load shift controller [28]. To cope with this challenge,
we did individual interviews with about 10% of the respondents in each village by asking them
to elaborate their activities from waking up in the morning to sleeping in the evening, while the
researchers filled the questionnaire sheet itself according to the respondent’s answers. Especially in the
Indonesian and Laos case study, most of the respondents have similar occupations (working in the
agricultural sector), and through the interviews, it was confirmed that their social activity patterns are
quite common. A balanced proportion of women and men respondents were maintained whenever
possible (for example, our Myanmar respondent was about 50:50 ratio). When the women residents
were not visible, we took the initiative to ask for permission to meet and interview them in a different
part of the house (for example, in the Indonesian case study, we approached the female household
members gathering in the inner part of the house. They were pleased to participate in the survey).
Gender is an essential aspect in rural energy issues as it is known that better access to modern energy
could eliminate indoor pollutants (from the traditional use of biomass for cooking) and improve
participation of women in education and the job market [9,29]. In addition to the questionnaire survey,
we also interviewed key stakeholders in each village, such as the head of the village to confirm our
findings and the shop owners who sell vehicle fuels and daily necessities to understand about the local
prices and whether there are government subsidies taking place.

Table 2. Structure of survey questionnaire.

Parts Content Excerpts

1. The respondent’s necessary

.. . Household size, migration activities, and education levels.
demographic information

2. Energy-use for basic needs Lighting sources, how the respondents secure clean water for bathing, washing,
related information and drinking purposes, means of food storage, and source of cooking fuel.

3. Household income and Monthly income, monthly expenditure on food, clean water, fuels, education,
expenditure health, transportation, communication, and clothing.

4. Time-use questionnaire Activities throughout the day, their duration, and time in the day.

2.3. Energy Demand Estimation Methodology

The methodology used to estimate energy the energy demand in each case study village is the
“end-use model” adopted from the United Nations Environmental Programme (UNEP) tools and
method for integrated resource planning guideline [30]. While this method is quite old (published in
1997) it is quite fundamental and is still relevant today. The method has also been used in more recent
report by the world bank [31]. The formula is as follows:
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1=n
Energy Demand = Z Qil; 1)
i=1

Q; is quantity of energy service i (hours/year) and I; (W) is the intensity of energy use for energy
service i (W).

The quantity of energy service i, Q;, is identified by the total number of end-use i or N; (number
of household), the penetration levels of appliances for end-use i, or P; (%), and the number of hours,
degree-days or frequency of use for energy service i, or M; (hours/year). Therefore,

i=n

1=n
Energy Demand = Z Ol = Z(NZ"Pi‘MZ‘)‘IZ‘ )
i=1 i=1
While the survey in this study collected data about all types of energy including non-electricity
energy such as the traditional use of biomass, the above equation is only used for electrical appliances
powered by various means of off-grid electrification such as the solar panel, diesel, and batteries.
Furthermore, because energy demand fluctuates throughout the day, information on social activities

from the time-use questionnaire in the survey is used to create the load curve in this study.

2.4. Projection of Energy Demand Future Growth

With the introduction of electricity, the ownership of electricity appliances tend to increase [9,32],
on the other hand, many rural electrification programs often neglect the influence of increasing
demand [33]. In this study, we addressed this gap by projecting different scenarios of how the energy
demand would increase over time, based on observing the current possession of electrical appliances
in each case study village and how they would likely to change over time by observing the situations
in the three villages and according to the interviewed key stakeholders.

3. The Case Study Country Energy Profile

3.1. Myanmar

Geographically, Myanmar is situated in a strategic location in Southeast Asia with tropical climate
and rich in natural resources including arable land, forests, minerals, natural gas, and freshwater and
marine resources. The total land area of the country is the widest in Southeast Asia, with 676,577
square kilometers [34]. The country is populated with 53.7 million people [35], and 70% of them are
living in a rural area working in the agricultural and forestry sectors [34]. The country has only recently
opened up to the outside world after decades of isolation under military rule [36]. As a country with
one of the lowest electrification rates in the Southeast Asian region, with only 44% of the population
with access to electricity [13], the rural population is facing extreme energy poverty. Improving the
electrification rate in the country would be a major opportunity for the government to improve the
people’s quality of life, supporting economic growth, and improving healthcare and education facilities.
In 2014, the government of Myanmar had introduced the National Electrification Plan (NEP) [37].
Based on its energy roadmap: the national electricity master plan (NEMP), Myanmar aims to electrify
100% of households in the country by 2030. To achieve this goal, Myanmar would have to electrify
about 47% of households by 2020 and 76% by 2025 [38]. However, looking at the recent trends of
electrification achievement, it is more likely that the target would be missed. The goal has been revised
to 80% by 2030 [1].

Energy resource-wise, Myanmar has a relatively abundant resource of gas. However, the country
has been exporting about 90% of it to China and Thailand [16,36]. The exporting contract agreement
will only expire in 2030 [16]. Due to the larger population living in rural areas, renewable energy
could play a significant role in achieving the country’s electrification goal. Myanmar has a rich
hydropower potential from the four main basins (Ayeyarwaddy, Chindwin, Thanlwin, and Sittaung
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rivers) [39]. It is estimated that there is more than 100,000 MW of installed hydropower capacity
potential [40]. Among these, there are 92 large hydropower potential projects with a total installed
capacity of 46,000 MW, while the current installed capacity of large hydropower plants is 3298 MW [41].
Unlike the long experience with hydropower, there is still not enough available data to assess the
suitable areas for wind turbine construction. It is, however, predicted that the western part of the
country would have the best potential for harnessing wind power [42]. With more than 270 sunshine
days per year, solar radiation is exceptionally good all over the country. The average solar irradiance is
4.5-5.1 kWh/m?/day with minimum fluctuations in the dry regions (Magway, Mandalay, and Sagaing)
even during the rainy season [43]. In the biomass energy sector, Myanmar has a lot of potential from
the agricultural sector. The country is the seventh largest rice producer in the world [44]; therefore,
there is an abundant supply of rice plantation residues such as rice husk and rice straw. However,
the readiness level of energy conversion technologies in this sector is still quite limited [45].

Despite these promising renewable energy potentials, in its present condition, grid extension has
been taking time to develop, and for a decentralized energy system, many potential customers could not
afford the high capital cost of high-quality renewable energy. Worsened by the limited short-term loan
availability, some of the population have relied on lower quality, renewable energy technology using
solar, hydro, and biomass energy as well as diesel generators through self-financing [36]. Thae Kone,
the first case study village in this study, is one example where the population relies on pico-scale solar
lanterns and panels for lighting. The village is located in Mandalay, the second-largest city in Myanmar
on the east bank of the Irrawaddy River, central-northern part of the country.

3.2. Indonesia

Indonesia has the biggest resource of coal in the Southeast Asia region. There is approximately an
annual production of 400 million tonnes of coal equivalent (Mtce) in the region, and a majority of it is
from Kalimantan Island alone [1,16]. Despite this fact, the economic development and electrification
of Kalimantan Island are lagging behind other major islands such as Java and Bali because most of
the energy resources are being transported and used in and around the capital city, Jakarta. With the
president’s plan of moving the capital from Java Island to Kalimantan Island by 2024, this unfortunate
situation is expected to improve [46]. While Indonesia exports its gas and coal to many other countries
from its abundant resources, the country is already importing crude oil because of the lack of newly
discovered production wells and to suffice the increasing domestic demand, especially from the
transportation sector [16,47]. While most of the population of the country (98.5%) already have access
to electricity [48], Indonesia has the opportunities to improve their transmission and distribution
efficiency and the reliability of the electricity supply as some regions and sectors still experience
occasional blackout [15]. The country is also aiming to improve its share of renewable energy in its
energy mix from 9% (2018) to 23% in 2025 and 29% in 2050 [47]. The largest renewable energy potential
in Indonesia is from solar energy with 207.8 GWp, followed by hydro energy 94.3 GW, wind energy
60.6 GW, geothermal 28.5 GW, and ocean energy 17.9 GW. From the bioenergy sector, there is 32.6 GW
Bio Polypropelene (Bio PP) potential and 200,000 barrel per day of biofuel potential [47]. While the
country has high ambitions of biofuel production and commercialization, the results are still limited to
certain sectors and areas due to lack of support from the local governments [49].

Kalimantan is geographically located near to the equator; this makes the climate quite warm all
year long. The southern part of Kalimantan, where our second case study Karya Jadi village is located,
is known as the second-largest coal producer in the island (second to east Kalimantan). However,
the electricity generation in this part of the island is characterized by the relatively higher energy
generation cost compared to the rest of the country with 1682 IDR/kWh or 0.12 USD/kWh while the
national average is 0.078 USD/kWh (March 2020 conversion rate) [50]. While resourcing to affordable
wind power has been argued to be able to improve electricity affordability, the fact that the area is a
large coal producer has demotivated the development of renewable energy infrastructures [50].
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3.3. Laos

Laos is the only landlocked country in Southeast Asia, surrounded by Myanmar, China, Vietnam,
Cambodia, and Thailand. The country has provided access to electricity to 94% of its 6.95 million
people, which is among the smallest population in the Southeast Asia region, leaving 1 million people
having no access to electricity [51]. The opening of the Hongsa coal-fired power plant in 2015 in
the country has improved the country’s dependency on coal imports. However, all of the generated
electricity from this plant is exclusively for export to Thailand. On the other hand, Laos’ petroleum
supplies such as gasoline, diesel oils, and jet fuels are imported from the neighboring countries,
including Thailand [52]. Unlike many of its neighboring countries that rely primarily on fossil fuels,
hydropower is the major source of electricity production in Laos. While 70% of the country is covered
with mountains, it is also blessed with rivers. Therefore, dams were built to support their hydropower
supply both for domestic and export use. Moreover, the traditional use of biomass is still the main
source of heating and cooking energy for households in the country. Laos is expected to face significant
energy demand growth and increase of CO2 emissions in the coming years [52]. To overcome these
expectations, the country is targeting to further increase renewable energy share in the energy mix to
30% by 2025.

4. The Respondents’ Energy Related Basic Needs and Social Activities

4.1. Lighting

Historically worldwide, people living without electricity access meet their lighting needs by
using candles and kerosene lanterns [53]. These types of lighting could only provide dim lights and
entail a number of issues, especially in the health sector, from indoor emission from direct burning.
Tuberculosis, asthma, cancer, and lung impairment are among the diseases associated with soot
emission from kerosene usage [54-56]. Moreover, the emitted black carbon and carbon dioxide put
a negative impact to the climate [57,58]. More recent investigations have found that people in the
unelectrified villages have been transiting to other means of lighting such as the light-emitting diodes
(LED) lamps [53] powered by low power photovoltaics (PV) [59] or the adoption of multiple energy
sources [60] and solar home lighting systems (SHLS) [61]. The shift has taken place around the world
with or without any governmental or non-governmental assistance [53]. While the system is still
imperfect with problems of the technology lifetime and energy storage (Pandyaswargo, Abe, and Hong,
2014), there has been an improvement in the health [62] and climate sectors [59].

In the three case study villages of this study, low power PV is the most commonly used energy
source for lighting (Figure 1). The types of PV and the way they are used varies slightly. In the
Myanmar case study village, pico-solar or solar lanterns are the most commonly used type of PV.
Each household may own several units of solar lanterns. Each of them has an attached LED lamp
that will provide illumination throughout the night after being charged outside throughout the day
under the sun. In the Indonesian case study village, each household owns a unit of 80-Watt peak (Wp),
which was distributed by the Indonesian government in the year 2014. The batteries that came with
the distributed PV have deteriorated about 2 to 3 years after their first use. Respondents reported that
one PV is able to light about four lightbulbs in the house; however, they were unable to enjoy the light
after dark in the last few years because the batteries have fully deteriorated. Some people have shifted
back to kerosene lamps to overcome this situation even though the price of kerosene is relatively high
after the government lifted its subsidy in 2016. In the Laos case study, about half of the respondents
own a self-purchased solar panel with a 20 cm X 20 cm dimension for lighting purposes. Other than
PV, the use of a diesel engine is also used in the Myanmar and Laos case study. The diesel fuel is
purchased from the city and used not only for lighting but also to power other electric appliances such
as television.
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Source of lighting

100
80
60
40

Response rate (%)

20

Diesel Engine  Kerosene Solar panel Battery Candle light  No lighting
(Generator)

Myanmar ® Indonesia ®Laos

Figure 1. Sources of electricity in the three case study villages.
4.2. Water for Drinking, Washing, and Bathing

Good accessibility of clean water lays the foundation of economic growth not only because it
improves participation of women in education due to the shift of time allocation [63-66] but also
because it improves human health [66,67]. In many parts of the world where electricity is not yet
accessible, people collect water by a combination of sources and means to meet their water needs
depending on the water availability on various seasons [68,69]. While harvesting rainwater and
storage is one of the most affordable options that require minimum maintenance, there are risks of
waterborne diseases and unreliability due to the rainfall fluctuation [69]. The introduction of renewable
energy such as PV to provide energy for pumping water or water purification has seen a certain level
of success [66,70] with a higher rate of sustainability when the project is done in multiple energy
systems [71] and done in a participatory style [72].

People living in the three case study villages of this study have not utilized renewable energy
to improve their access to water. The people living in the Myanmar case village took advantage of
their closer proximity to the city by buying bottled water for their drinking water needs. Respondents
reported that in the past, they had consumed collected rainwater, as well as water from the wells and
rivers. However, over time people found themselves getting sick from consuming them, and water is
unavailable during the dry season; therefore, people shifted to bottled water usually sold in 1-gallon
size. The water gallons can be purchased from the local small grocery shop or from the distributors
carrying the gallons in a cart pulled with a motorbike. In the Indonesian case, drinking water is
obtained from pumping underground water from 120 m below the ground using a hand-handled
pump. A pump was installed by the government on several households in the village back in 2008.
The pumped water looks clear, but sedimentation of sand and soil can be seen after letting it sit for
several hours. For drinking purposes, the water is boiled and cooled down to room temperature
before consumption. In the Laos case study, drinking water is obtained from a rainwater catchment
located on a higher elevation of the area, distributed by gravity through pipes to households in the
village. Bottled water is not commonly consumed by the people except for those who are already in a
sick condition.

For bathing and washing purpose, the largest population of the respondents use water from the
well or the pumped groundwater (Figure 2). During the rainy seasons, and for those who do not own
a pump in Indonesia, people collect water from the nearby river. The Laos respondents would go to a
common bathing facility where drinkable clear water is also supplied from.
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Sources of water for bathing and washing
100

80

60
40
S
0 - - T

Piped Water supply ~ River/Pond/Lake  Well/groundwater Rain Water

Response rate (%)

®m Myanmar ®Indonesia ®Laos

Figure 2. Sources of water for bathing and washing in the three case study villages
4.3. Food Storage and Cooking

As the majority of livelihood in rural places without electricity is usually coming from the
agricultural sector, food storage becomes essential. There are challenges that people in this area need to
cope with a proper way of storing food, to name a few; uncertainties from limited means of knowing
the weather forecast, a time gap between harvest seasons, the threat of pests infestation and humidity,
and price drops when selling harvest during the productive time of the year (might encourage farmers
to store it until prices climb up) [73]. Without electrification and with lower income, refrigeration
becomes a hard option. In our three case studies, the means of storing food for household consumption
was inquired. While the Myanmar and Laos case study showed a significantly high answer of buying
the food every day from the local sellers, the Indonesian respondent mainly answers simple storage on
the shelf (especially rice) without any additional way to preserve their food (Figure 3). The significant
difference between the Indonesian case study with the other two is because the Indonesian respondents
reported that they receive 8 kg of rice/household/month from the government. The Indonesian
government has introduced the distribution of rice to the poorest population of the country since 2003
(formerly known as beras miskin (RASKIN) or “rice for the poor,” and later known as beras sejahtera
(RASTRA) or “rice for prosperity”).

Food storage

100
80
60

40

Response rate (%)

20

Refrigerator Buy every day Shelf

(=}

mMyanmar ®Indonesia ®Laos

Figure 3. Ways of food storage in the three case study villages.
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Cooking fuel is known to be a type of energy that is most stubborn to change in the off-grid
villages. Despite the considerable amount of time required to collect biomass for cooking fuel [74]
typically by women [75] and the high mortality rate associated with indoor air pollution from solid
cooking fuels [76,77], many households in the rural area still choose to use it as their main source
of cooking [78]. The most popular identified reasons are known to be the cost competition with the
practically free biomass to collect from the surrounding area, low education and, limited knowledge
about the risks of the traditional use of biomass [75,79].

The results from our three case studies also show that firewood and charcoal are the most
popular source of energy for cooking (Figure 4). While the firewood mostly can be collected from the
respondents’ house vicinity for free, it is also sold in the local shops along with charcoals. The result
also shows the limited use of liquified petroleum gas (LPG) in all of the three countries. In 2007,
the Indonesian government introduced a household fuel conversion program for cooking from kerosene
to LPG [80,81]. While the program was reported to last for five years, at the time of our field survey in
2019, the respondents reported that they still receive two filled 3 kg LPG tanks on a monthly basis
provided for free by the government.

Source of energy for cooking

80
60

40

Response rate (%)

20

0 e

LPG Firewood Kerosene Charcoal

# Myanmar wIndonesia mLaos

Figure 4. Source of cooking fuel in the three case study villages.

5. Estimation of Electricity Demand

5.1. Data from the Questionnaire as Estimation Parameters

About 10% of the total respondents in each village were interviewed in the local language to
answer the time-use questionnaire. From the questionnaire, information such as the order and duration
of the daily activities, place, and whether a number of electrical appliances are used simultaneously
could be identified. We used those data and information from the interview with key stakeholders
in each village (summarized in Tables 3-5) as well as assumptions from secondary data (such as the
yearly temperature presented in Figure 5) to estimate the energy demand in each village.
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Table 3. Main time and duration of energy related activities in each case study village from the
time-use questionnaire.

. Myanmar Indonesia Laos
Activities
Main Time Duration (Hours) Main Time Duration (Hours) Main Time Duration (Hours)
. . 6:00-8:00 6:30-7:00
Washing/Bathing 18:00-18:45 0.5-1 17:00-17:15 0.25-0.5 17:00-18:30 0.25-0.5
Commuting 6:00-9:00 7:30-8:00 7:30-10:00
(1 way) 16:00-19:00 0.5-15 16:30-17:15 0.25-0.5 16:00-18:00 0.75-1
8:00-12:00
Work 8:00-18:00 7-10 13:00-17:00 8 9:00-16:30 5.5-7.5
. 8:00-16:00
Studying/Homework 18:00-20:00 69 5:00-7:00 2 20:00-20:30 0.5
Family 6:00-7:00 . . N 4:30-7:00 .
care/housework 18:00-20:00 15 7:00-12:00 15 18:00-20:00 153
. 4:00-6:00 4:30-7:00
Cooking 5:00-7:00 0.5-2 19:00-21:00 1-2 17:30-19:00 2-25
. . 13:00-15:00
Resting/Entertainment  18:00-22:00 0.5-5 18:00-21:00 1.5-4 19:00-22:00 2-4
Shopping/others 6:00-9:00 0.5-1 15:00-16:00 0.5-1 5:00-8:00 3
5:30-8:30 6:00-7:45 7:00-8:30
Eating 12:00-13:00 1-1.5 12:00-14:00 0.5-1 12:00-13:00 0.5-1
17:30-19:30 17:00-20:30 19:00-20:00

Table 4. Rate of appliance ownership in each case study village from the survey questionnaire.

Myanmar Indonesia Laos

Lighting appliance 95.1% 54.7% 100%

Electric fan 74.1% 1.9% 17%
Air Conditioner 49.4% 1.9% 0

Television 86.4% 30.2% 60%

Cellphone 95.1% 41.5% 90%

Refrigerator 16.0% 0 20%
Water pump 79.0% 3.8% 0

Radio 34.6% 32.1% 33%

Rice cooker 22.2% 0 40%

Washing machine 3.7% 0% 0%

Table 5. Other parameters used to estimate the energy demand in each case study village from key
stakeholder interview and secondary data.

Myanmar Indonesia Laos
Average floor area (m?) 50 30.7 50
Lighting appliance 74.6 W Fluorescent lamp  46.3 W Fluorescent lamp  74.6 W Fluorescent lamp
. Lighting applian.ces 0.7 07 07
simultaneous operating rate
9.6 weeks from 22nd Currently not in use and
Air Conditioner March to 28th May 64 days From 18th assumed to be not
operation period * Weekday 2 h/d February to 23rd April,  required based on the all
P p (18:00-20:00), Weekend 3h/d year long mild
8 h/d (12:00-20:00) temperature
Air conditioner (W) 800 800 800
Electric fan 8 months from March to 64 days from 18 February 73 days from 4 March to
. s November, Average of to 23 April, Average of
operation period 5h/d 5h/d 19 May, Average of 5 h/d
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Table 5. Cont.

13 of 22

Myanmar Indonesia Laos
Electric fan (W) 100 100 100
Television (W) 70 70 70
Refrigerator (W) 200 200 200
Water pump (W) 320 handied water pump)  istibuted by gravity)
Radio (W) 24 24 24
Rice cooker Not used Not used 72W
Washing machine 400 400 400

Cellphone charging

Charging time: 2.25 h/d
Charging wattage: 5

Charging time: 2.25 h/d
Charging wattage: 5

Charging time: 2.25 h/d
Charging wattage: 5

* Assumed value based on monthly temperature (Figure 5).

40
35 ¢

30

~e
25 \
20

15 ¢

Average temperature °C

10 1 1 1 1 1 1 1 1 1 1 1 1
Jan Feb Mar Apr Mei Jun Jul Agt Sep Oct Nov Dec

--MN Max temp --MN Min temp -+]D Max temp

-+-ID Min temp ~-LA Min temp

—~-LA Max temp

Figure 5. Monthly average temperature in each case study village, constructed from Merra-2 data [82].
MN: Myanmar; ID: Indonesia; LA: Laos.

5.2. Energy Demand and Load Pattern

The collected data was used to estimate the load pattern of electricity demand using the “end-use
model” presented earlier in the methodology section. Figures 6-8 show the load pattern of each case
study. In all of the case studies, it can be observed that there is an increase in demand in the morning
and the evening time with a higher peak in the evening. The evening peaks are mainly caused by
lighting for the dinner time and studying as the night gets dark, cellphone charging after full day
use, an electric fan for more comfortable sleeping during the warm night. Due to easier access to
get diesel fuel in the Myanmar case study, there is a higher use of air conditioners and electric fans
in the warmest seasons. The first increase of demands in the morning is mainly caused by taking
a shower, cooking, and washing clothes before the respondents leave for work and for the laundry
to be hung under the day sun heat and light for drying. A significant difference can be seen in the
Indonesian case study where the need for lighting in the morning started as early as 3 a.m. This is
because of the predominantly Muslim population in the village where they have a morning prayer to
be done before the sun rises. In the Laos case study, the significant increase in demand in the morning
is caused by the use of rice cookers, which is owned by 40% of the respondents. It turned out, some
of the households, especially those living in the HK village, have some access to electricity from the
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grid since 2014. This has allowed them to run higher wattage appliances such as the rice cooker and
appliances requiring stable electricity supply such as the refrigerator.

160

n = 300 households 150.38
140

120

100

80

60

Electricity demand (kW)

40

20

R

A

g

S O O O O O O O O O O O o o o o o o o o o o o o9
S S S ST ST ST ST ST ST ST ST ScTST TS ST S S S
S — AN N T n O >~ 0 N O = AN Nt n o> 0 O — AN on O
P T e T e T T I T =~ R oS I o I o\ N oM
Total —Lighting appliance =~ —Television —Radio
—Water pump —Electric fan — Air Conditioner —Cellphone charging
—Washing machine —Refrigerator —Rice cooker

Figure 6. Current electricity demand daily load pattern of the Myanmar case study (during the
warm season).
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Figure 7. Current electricity demand daily load pattern of the Indonesian case study (during the
warm season).
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Figure 8. Current electricity demand daily load pattern of the Laos case study (during the warm season).

6. Projection of Energy Demand Future Growth

6.1. Constructed Scenarios

To construct several demand growth projection scenarios, we considered several factors in the
three villages. At first, we looked at the yearly temperature (Figure 5), where especially in Myanmar
and Indonesia cases, the dry seasons can get quite warm. While this may imply the need for air
conditioner, electric fan, and refrigerator for cooling and food preservation, the current rates of the
electric appliance (Table 2) do not show this trend. This may have been caused by the high wattage and
electricity supply stability requirement of air conditioners and the fact that many of the respondents
are working in the forestry and agricultural sector where food can be obtained fresh on a daily basis.
While respondents expressed that lighting is one of the most urgent needs of electrical appliance,
the pico-solar, and solar panels have been able to provide the required small amount of electricity
to light the lamps. Other evidence (Table 2) that we observed shows that cellphone and television
have relatively high adoption rates. It is predicted that it is because these two appliances have low
energy consumption and crucial for communication and entertainment in remote villages where other
forms of entertainment are quite rare. Based on these observations, we have constructed four different
scenarios (CASE1 to 4). These scenarios are presented in Table 6.

Table 6. Constructed scenarios for energy demand growth projections.

Scenarios Description of Scenarios

Demand for lighting only: Household ownership rate of lighting equipment is 100% and other

CASEL electrical equipment is 0%

Current demand: Estimated based on the current ownership rate of electrical equipment (lighting
CASE2 appliance, television, cellphone, radio, air conditioner, electric fan, refrigerator, rice cooker, washing
machine, and water pump)
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Table 6. Cont.

Scenarios Description of Scenarios

Predicted demand in a few years after electrification: For Myanmar, lighting equipment and
cellphone ownership rate is 100%, television and water pump are increased to 88%, and other
electrical equipment is increased by 20% from the present scenario (Myanmar’s television and water
pump ownership rates are already above 75% in the present scenario). For Indonesia, lighting
CASE3 equipment and cellphone ownership rate is 100%, television is increased by 50%, and other electric
equipment is increased by 20% from the present scenario. For Laos, lighting equipment and
cellphone ownership rate is 100%, and other electric equipment is increased by 20% from the present
scenario except for water pump and air conditioner that remains 0 because temperature is
considered mild all year long and fresh water is already delivered by gravity from the spring.

Predicted demand after mass adoption of electric appliances: The ownership rate of lighting
equipment and cellphone are 100%, refrigerator 40%, and other electrical equipment is increased to

CASE4 90% in all of the case study villages except for water pump and air conditioner in Laos that remains
0 because the temperature is considered mild all year long and fresh water is already delivered by
gravity from the spring.

6.2. Projection Results

Based on the constructed scenarios elaborated in Table 6, the household annual energy demand
and the peak demand in each case study villages are projected (Figure 9). In the CASE1 scenario,
the demand difference between case studies is significantly influenced by the size of the household,
with the Indonesian case as the smallest one. In the CASE2 scenario, the Myanmar case study village
has the most diverse types of electricity appliances already in possession by the respondents, with the
refrigerator as the most energy-consuming appliance. In the CASE3 scenario, the gaps between case
studies become closer as more appliances are adopted in each village, with the exception of Laos where
water pump and air conditioner are unnecessary due to the topography and climate of the village.
Finally, in the CASE4 scenario, it is predicted that the energy demand of the Indonesian village will
surpass the Laos village mainly due to the increase of demand from air conditioners, especially because
of the significant difference of all-year temperature between the two villages. The variation of peak
demands throughout the scenarios is mainly influenced by how many electricity-supported activities
are conducted at a time during the day, and the wattage the supporting appliances used at those times.
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Figure 9. Projection of household annual energy demand and peak demand in each case scenarios and
case study villages. MYR: Myanmar; IDN: Indonesia; LAO: Laos.
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7. Discussions and Conclusions

7.1. Findings

This study had analyzed the findings of case-based off-grid villages surveys in Myanmar, Indonesia,
and Laos to identify the current energy demand and project the future energy demand based on several
constructed scenarios. It was found that the factors of household size, proximity to the city, climate,
and topography may influence the present and future growth of energy demands in the villages.
Some specific findings are as follows:

1. The solar panel is among the earliest adopted renewable energy for lighting in rural households.
Lighting appliance, television, and cellphones are the earliest adopted electric appliances in the
case studies.

3. The possession of food preservation appliance such as the refrigerator is less prioritized as food
can be obtained on a daily basis from the vicinity.

4. The village location that was closer and with better access to the city created a more diverse job
for the residents resulting in a more diverse activities and time variation of the use of energy
at home.

5. Inthe colder climate village, there is less need of air conditioning.

6. In the steep topography or the mountainous case study village, there is less need of energy for
pumping because water can be distributed by gravity.

7. Peak energy demand could be found early in the morning and late in the afternoon.

Although the results are case-specific, compared to other energy demand projection studies,
our results are quite similar to the other publications by major international development banks and
national governments. For example, the Myanmar CASE4 projection result in this study is close to
the Mandalay average energy demand at 1294 kWh in the Myanmar energy consumption survey
by Asian Development Bank (ADB) [83], Indonesia CASE4 projection result is close to the 2030
projection at around 950 kWh presented in [84] by the Indonesian Ministry of Energy and Mineral
Resources (MEMR) [85]. The Laos CASE4 is, however, below the average baseline consumption of
705 kWh/month/household shown in the Lao PDR Energy Statistics 2018 [86]. This is presumably
due to the gravity-based water distribution as well as the mild temperature all-year-long that makes
room air conditioning unnecessary. The growth of these energy demand may depend on several
things including how drastically access to the city improves, whether electricity line from the main
grid would finally extends to the village, whether the climate would change significantly, and other
factors. Based on our four constructed scenarios, the demand would increase significantly in either
case especially with the assumption that there might be need for faster communication following
globalization and higher global temperature due to the global warming, leading to the need of room
cooling and food refrigeration.

7.2. Limitations and Challenges

There were several limitations and challenges faced while conducting this study. Notably,
the remoteness of the villages made multiple trips to the location quite costly and challenging. Hence,
the surveys were only taken once in each village. Secondly, a time-use questionnaire is ideally taken
for both the weekday and the weekend, and in several days, and best to be filled by the respondents
themselves. However, due to the area’s remoteness, our limited resources, and low literacy level
of some of the respondents, filling the questionnaires was supported by facilitators and only done
once. Another limitation was the sample size of the study. It was challenging to gain a 100% response
level against the population especially for the Myanmar case study because some of the residents are
employed in places where they cannot leave the workplace during the time of the survey. Gathering the
Indonesian and Laos case village residents were more doable due to the more flexible nature of farmers’
work, which is the typical job of the respondents. This situation has caused an imbalance of sample
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proportion against the population of the case study villages. A challenge that we felt have successfully
overcame was the language barrier. A local language was spoken by each of the respondents in the
case study village that differs from the national language. A native facilitator has supported the survey
to avoid any misunderstandings. Something that was asked by the participants in all of the case study
villages is whether the survey would be followed-up by an actual electrification project and whether it
has anything to do with the government. This is something that other scholars who plan to conduct
similar studies have to be prepared to answer.

7.3. Future Perspectives and Venues for Further Studies

While village electrification is the responsibility of the government, the relatively smaller
population size of unelectrified village can be an interesting ground for the private sector to build
smart community pilot projects that often take place in a costly manner in the developed world such
as the Smart town in Japan and the Statdwerke in Germany. The absence of a grid extension is an
opportunity to optimize renewable energy. While the relatively lower income of the residence is a
challenge in itself to provide energy affordably, it is a chance to showcase the true benefit of utilizing
the renewable energy resources from the local environment. Furthermore, there is assistance from the
government for smaller capacity renewable energy in the form of Feed-in-Tariffs. Agricultural residues
from the plantation area that is of the industrial nature of an electrified village is also a good area to
explore waste-to-energy recovery. For example, the Indonesian case study village is surrounded by
palm plantation and the palm oil mills generating a significant amount of biomass waste that can be
used to electrify the village. In the Myanmar case study, the river and rice plantation nearby may
have potential for hydro and biomass energy generation. In the Laos case study, geothermal, hydro,
and woody biomass may have potential to provide electrification in the villages.

There are venues for further study. Firstly, the Indonesian case in this study has shown an extensive
government intervention in the basic needs and energy sector, such as LPG for cooking, solar panel for
lighting, and hand handled water pump for clean water supply. Whether or not such intervention
effectively accelerated the transition to modern energy and how to sustain the government-distributed
technologies that are appropriate to the capacity of the people, requires further studies.

Secondly, the energy demand projection results and analysis in this study have, to some extent,
filled the gap of the neglection of demand projections often found in other off-grid energy demand
estimation studies [33]. Our findings have provided some bases for estimating the size of a centralized,
off-grid village energy system in a similar area. The most concrete next stage following-up this study
would be to create a pilot project of an energy system in the area. Some additional steps that may
benefit such pilot project creation would be to develop a detailed inventory of the renewable energy
potential and design the appropriate mix of those potentials to respond to the expected peak demand
and the fluctuation of energy demand that has been presented in this study.

Lastly, it can be predicted that the social activities in unelectrified villages may change with the
introduction of modern energy due to time saved from using electric appliances. A thorough study on
such changes may help in creating a dynamic energy system and pricing to provide better sustainability
of the system for the long term.
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