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ABSTRACT KEYWORDS

The issue of electricity needs in remote areas is the focus of this study. One proposed Electricity Supply
alternative solution is to provide electricity by utilizing natural resources, such as harnessing Mircro Hydro;
hydropower through micro-hydro systems. This research aims to (1) analyze electricity Remote Area;
supply, (2) assess the conditions of remote areas based on the non-electrification ratio of Renewable Energy
villages, (3) evaluate the potential of Micro Hydro Power Plants (MHPP), and (4) analyze the Potential.
distribution of this potential in the region. The study employs a spatial approach based on

Geographic Information Systems (GIS) to map potential locations for MHPP development,

along with field data such as rainfall, water flow rates, and topography. The findings indicate

that (1) the electricity supply in Singajaya District is still limited, particularly in remote areas

where only 450 W is available, while central areas of the district can exceed 450 W, (2) the

conditions in remote areas of Singajaya District are characterized by a high non-electrification

ratio, with Sukamulya at 34.32%, Pancasura at 32.23%, and Sukawangi at 31.28%, making

these three villages priorities for electrification, (3) six main locations were identified with

significant capacity for electricity development, resulting in a total potential output of 170.18

kW, and (4) the distribution of MHPP potential, with high water flow rates and adequate head

height, could address electricity access for 19.22% of households that currently lack

electricity.
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INTRODUCTION

Currently, the world faces the challenge of
dependency on non-renewable energy resources such as
coal, oil, and natural gas, which pose risks of
environmental pollution and potential energy crises in
the future. Countries with large coal industries, such as
China, India, and the United States, experience high
levels of air pollution due to coal combustion in Coal-
Fired Power Plants (CFPP), emitting pollutants like
nitrogen oxides (NOx) and sulfur oxides (SOx), which
negatively impact both the environment and human
health (Dmitrienko & Strizhak, 2018; Faruk & Altarans,
2020).

Indonesia, still reliant on fossil fuels, faces similar
challenges. With coal reserves reaching 42.19 billion
tons (Yudhistira & Rofli, 2023), reliance on this energy
source poses a risk of future energy crises. Amid these
conditions, the push towards renewable energy sources
like micro-hydro becomes increasingly urgent.
Renewable energy is seen as a long-term solution to
reduce dependence on fossil fuels and lower carbon
emissions (Purwanto et al., 2017).

Garut Regency, while known for its significant
electricity generation through the Darajat Geothermal
Power Plant, still faces challenges in providing electricity
access to all its residents. It is reported that 27,128
households in Garut lack electricity access, with
Singajaya District having the highest non-electrification
ratio at 14.34% (Dinas Pemberdayaan Masyarakat dan
Desa, 2023). This highlights the urgent need for
infrastructure development, particularly in remote
villages like Sukamulya, Pancasura, and Sukawangi,
each of which has over 30% of households without
electricity access.

Micro Hydro Power Plants (MHPP) present a
potential solution for supplying electricity to these
remote areas. By harnessing the abundant natural
resources in mountainous and water-rich regions, the
development of MHPP can enhance the quality of life for
local communities, support the local economy, and
bolster education and social activities. According to
Maruf Al Bawani (2022), MHPP has shown positive
impacts on the economy, social fabric, and education of
communities, despite challenges related to consumer
behavior in renewable energy usage.

The deployment of MHPP in remote areas not only
improves energy access but also supports Sustainable
Development Goals (SDGs) such as clean and affordable
energy (SDG 7) and climate action (SDG 13). Singajaya
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District possesses significant potential for MHPP
developmentdue to its hillyand mountainous topography,
along with numerous rivers that can be utilized as
renewable energy sources.

Recognizing the critical role of renewable energy in
enhancing electricity access in remote areas, this
research aimsto (1) analyze electricity supply in Singajaya
District, (2) assess the conditions of remote areas based
on the non-electrification ratio of villages, (3) evaluate the
potential of Micro Hydro Power Plants, and (4) analyze the
distribution of MHPP potential in the region. The findings
of this study are expected to provide a clear overview of
the potential for MHPP in Singajaya District and offer
recommendations for further development.

METHOD

Research Location

This study is conducted in Singajaya District, Garut
Regency, West Java, focusing on three remote villages:
Sukamulya, Pancasura, and Sukawangi. This location was
chosen due toits suitable topography for the development
of Micro Hydro Power Plants (MHPP), characterized by
stable river flows and waterfalls throughout the year.
Additionally, the non-electrification ratio in this area is the
highest in Garut Regency, indicating a critical need for
sustainable energy solutions.

Research Design

The research employs a mixed methods approach that
integrates both qualitative and guantitative
methodologies. The qualitative approach is utilized to
understand the social and economic factors associated
with electricity access, while the quantitative approach
analyzestechnical data such as water flow rates and head
height for MHPP. Geographic Information Systems (GIS)
are employed for spatial analysis to identify potential sites
for MHPP development.

Population and Sample

The research population comprises all household heads
in Singajaya District, with samples drawn using stratified
random sampling from the three priority villages that
exhibit the highest non-electrification ratios.

Research Instruments

Data are collected through observation sheets at survey
sites and interviews with local residents to understand the
conditions of electricity provision and the potential for
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MHPP. An identification sheet for remote areas is used to
document regions that are difficult to access via
conventional electricity networks.

Data Collection Techniques

Data are gathered through field surveys, direct
observations, and geospatial analysis utilizing ArcGIS. A
literature review is also conducted to support the
secondary data necessary for spatial analysis and MHPP
planning.

Data Analysis Techniques

Data are analyzed using GIS-based spatial analysis
techniques to map potential locations for MHPP
development. Descriptive analysis techniques are
employed to interpret both the technical and social data
obtained from field surveys.

Research Flow

This study is conducted in four stages: literature review,
geospatial analysis using ArcGIS, field observation, and
dissemination of results through scientific publications,
along with the formulation of recommendations for local
government.

RESULTS AND DISCUSSION

Singajaya District is one of the districts located in Garut
Regency, West Java Province, Indonesia. This area is
strategically situated approximately 57 kilometers from
the capital of Garut Regency, accessible via the southern
route through Cikajang. The administrative center of
Singajaya District is in Singajaya Village. Geographically,
Singajaya is positioned in the eastern part of Southern
Garut, bordered by Tasikmalaya Regency and
neighboring districts, including Banjarwangi and Cihurip
to the west, and Peundeuy to the south. Singajaya District
covers an area of approximately 4,684.6 hectares.

Electricity Provision in Singajaya, Garut Regency

The electrification ratio (RE) measures the level of
electricity accessibility in a region (Yusuf & Rahayan,
2018). Consequently, the non-electrification ratio is the
inverse of the electrification ratio. The concept of the
non-electrification ratio serves as an important indicator
for measuring electricity access in an area. Regions with
high non-electrification ratios demonstrate limited
electricity access due to inadequate infrastructure and
geographic challenges.

Electricity provision in Singajaya District by PLN
(Perusahaan Listrik Negara) has become a primary
concern, especially for remote areas. Although PLN has
expanded its electricity network to remote corners,
geographic challenges and low population density have
constrained electrification coverage. A survey by the
Department of Community Empowerment and Village
Affairs in 2023 revealed that Singajaya District has the
highest non-electrification ratio in Garut Regency,
primarily influenced by three villages: Sukamulya,
Pancasura, and Sukawangi, each with ratios exceeding
30%. In contrast, other villages in Singajaya generally
exhibit non-electrification ratios below 9%. Thus, these
three villages are the focus of this study, aiming to map
energy needs and explore the potential development of
Micro Hydro Power Plants (MHPP) as a sustainable
renewable energy solution.

The challenges of electricity access in the northern
and central regions of Singajaya District are related to
topography and difficult accessibility. While the majority
of electricity supply in these villages comes from PLN,
with a capacity of 450 watts, the difficulty of accessing
electrical substations poses a significant issue.
Approximately 67% of the population reports challenges
in accessing electricity, largely due to their residences
being far from electrical infrastructure and transportation
access.

Meanwhile, the use of MHPP remains very limited;
only a few residents have implemented MHPP systems,
typically through individual initiatives for personal needs.
The substantial potential for MHPP in this area has yet to
be optimally utilized for broader community needs. The
majority of electricity demand in this region is for
household lighting, while household facilities primarily
reflect a focus on domestic needs.

The power supplied to remote areas is still limited
to about 450 watts per household, contrasting with areas
near the district center that have greater electricity
capacities. This discrepancy indicates an imbalance in
electricity distribution that needs to be addressed to
improve quality of life, particularly in areas distant from
growth centers.

Conditions of Remote Areas in Singajaya District, Garut
Regency Based on Non-Electrification Ratios

A high non-electrification ratio often indicates that a
region has limited access to basic infrastructure,
including electricity, which serves as a key indicator that
the area can be categorized as remote. In Singajaya



District, Garut Regency, the villages of Sukamulya,
Pancasura, and Sukawangi are prioritized in efforts to
enhance electricity provision due to their notably high
non-electrification ratios. The non-electrification ratio in
Sukamulya Village reaches 34.32%, in Pancasura Village
itis 31.28%, and in Sukawangi Village it is 32.23%.

1) Priority Village I: Sukamulya Village
Sukamulya Village exhibits the worst electricity accessin
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Singajaya District, primarily due to challenging
geographical conditions and dispersed settlements.
These geographic challenges result in uneven electricity
distribution, leaving many households without adequate
access to electricity. The lack of reliable electricity supply
adversely affects the quality of life for residents,
particularly in terms of access to public facilities such as
schools and hospitals. The distribution of settlements is
illustrated in Figure 1.
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Figure 1. Map of Settlement Distribution of Sukamulya Village

Source: Research Results (2024)

The settlement distribution in Sukamulya Village reveals
an uneven pattern. The southern part of the village is
densely populated, while the northern area tends to be
more dispersed. The geographical conditions,
characterized by mountains and forests, divide the
village into two distinct areas with different
characteristics. Settlements in the southern part are
closer to growth centers, whereas those in the northern
part are situated far from these centers and are more

reliant on agricultural activities. This disparity affects the
income levels and quality of life for residents in each
settlement area.

2) Priority Village II: Pancasura Village

The electricity provision situation in Pancasura Village is
not significantly different from that in Sukamulya,
although some households in the northern region of the
village still rely on electricity from their neighbors. This
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indicates that electricity access is not yet optimal in this
village. Pancasura Village has relatively flatter terrain and
is closer to major roads, which results in better electricity
access compared to Sukamulya Village. However, the
uneven electricity availability continues to impact
residents' quality of life, particularly concerning access
to public facilities such as schools and hospitals.

The distribution of settlements in Pancasura
Village can be seen in Figure 2. This distribution is more
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balanced than that of Sukamulya Village. Nevertheless,
the socioeconomic progress in this village does not
markedly differ from that of Sukamulya. Pancasura's
flatter terrain and proximity to main roads facilitate easier
access to public facilities for residents. In contrast,
Sukamulya's hilly terrain and greater distance from main
roads make access to public facilities more challenging.
These conditions significantly influence the income levels
and quality of life for the communities in each village.
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Figure 2. Map of settlement distribution in Pancasura Village

Source: Research Results (2024)
3) Priority Village IlI: Sukawangi Village

The district authorities indicate that electricity access is
relatively equitable in Sukawangi Village, although some
households still rely on connecting electricity from
neighbor to neighbor. This suggests ongoing efforts to
enhance electricity access in the village. Sukawangi
features a flatter geographical terrain and is closer to
major roads, resulting in better electricity access

compared to Sukamulya Village.

Sukawangi Village exhibits the most favorable
socioeconomic conditions among the three villages;
however, the overall level of socioeconomic advancement
remains low compared to other villages in Singajaya
District. The village's flatter terrain and proximity to main
roads facilitate easier access to public facilities for
residents. Figure 3 illustrates the settlement distribution
map for Sukawangi Village.
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Figure 3. Settlement Distribution Map of Sukawangi Village
Source: Research Results (2024)

Potential of Micro Hydro Power Generation in Singajaya
District, Garut Regency

The sampling considerations were based on the non-
electrification ratios of the villages, selecting those with
the best potential. The prioritized villages chosen are
Sukamulya, Pancasura, and Sukawangi. Figure 4.15
displays the survey locations for potential micro hydro
power generation in Singajaya District, Garut Regency,
with 13 survey points distributed across various villages
within the district.

T
107570

The selection of these six points is also based on
the significant water head, which greatly influences water
flow rates. A substantial head height allows for greater
water flow, an essential factor in the efficiency of micro
hydro power generation. Examples of locations with high
head heights include Cibedil Waterfall at point 7, Uju
Waterfall at point 6, and Citiis Waterfall at point 13, as well
as other points like 3, 4, and 5, which have slopes ranging
from 15 to 55 degrees. This optimal water head not only
enhances energy production efficiency but also ensures
that micro hydro power plants can operate effectively
throughout the year, even during the dry season.
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Table 1. Potential Generated Power

Potential Potential Location Potential
No Point Code X Coordinat v River Village QUd H ¢ Eff watt Kilo watt
1 Llocation3 107,935743 -7,460528 W;‘;‘:fau Pancasura 10609,0 2 0,98 0,6 1247620 12,4762
2 Locaton4 107,934506  -7,460793 wii?fgau Pancasura 103927 3 0,98 0,6 1833276 18,33276
. Cikaengan
3 Locations 107,045526 7,450438 - GO0 Pancaswra 40025 12 098 06 2824163 2824163
4 Locatione 107,927777 -7,471843 Uju Pancasura- o006 5 098 06 78614,52 78,61452
waterfall Sukawangi
5  locaton7 107,944664 -7,484174 \Af;'feerf:“ Sukawangi 1466,1 15 0,98 0,6 12931,38 12,93138
Location 447 930037 -7,447721 O Suamuya 15650 7 098 06  19587,69 19,58769
13 waterfall
Describe:
Qld
H : Head

G
Eff
P

Table 1 above considers the available water flow
rates at each location, taking into account the size of the
catchment area. A larger catchment area provides a
stable and substantial water flow, which is critical for the
sustainability of micro hydro power plants (PLTMH). A
significant catchment area also indicates the region's
potential to effectively collect and store rainwater,
thereby ensuring a consistent water supply for the
operation of PLTMH. This factor is crucial in guaranteeing
the sustainability and efficiency of micro hydro power
generation, especially in the face of climate change and
weather variability.

Another important consideration is land use
around the proposed PLTMH locations. This analysis
takes into account the distance of PLTMH sites from
residential areas and forested regions upstream.
Selecting locations near settlements facilitates
electricity distribution to the community, while upstream
forested areas act as natural buffers that maintain water
availability and prevent erosion. This prudent land use
ensures that PLTMH development is not only technically
efficient but also environmentally friendly and
sustainable.

This map also provides a comprehensive guide for
PLTMH development in Singajaya District. By identifying
potential sites based on various factors such as non-

electrification ratios, head height, water flow rates, and
land use, the map offers practical solutions to electricity
access issues while supporting environmental
conservation efforts. Implementing PLTMH at these
identified sites is expected to enhance electricity access
for local communities and promote sustainable
development in the region. This development is also
anticipated to reduce reliance on fossil fuel energy
sources and decrease greenhouse gas emissions,
contributing to climate change mitigation.

Distribution of Micro Hydro Power Generation Potential
in Remote Areas of Singajaya District, Garut Regency

The map showing the potential for Micro Hydro Power
Generation (PLTMH) in Singajaya District, Garut Regency,
West Java, serves as a comprehensive output of this
research, identifying strategic locations for PLTMH
development. This map focuses on a small section of the
Cikaengan Sub-Watershed, where the river flow
possesses significant potential to be harnessed as an
energy source. Out of the 13 survey locations assessed,
six sites exhibit the highest potential for PLTMH
development: points 3, 4, 5,6, 7, and 13.
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Figure 4. Map of MHP Potential Distribution
Source: Research Results (2024)
Table 2. Percentage of Electricity Supply to Non-Electrification Ratio
. Number of Ratio non Electricity Availability
Potential Village households Total electrification Supply Percentage
Point Code g (not yet households (%) Potential/Head (%) g
electrified) 0 of household 0
13 Sukamulya- 1328 3995 33,2 43,52 4,10
Pancasura
3 Pancasura 664 2060 32,2 27,72 5,22
4 Pancasura 664 2060 32,2 40,73 7,67
5 Pancasura 664 2060 32,2 62,76 11,81
6 Sukawangi- 1304 4106 31,8 174,69 16,75
Pancasura
7 Sukawangi 640 2046 31,3 28,73 5,61
Total 1968 6041 32,6 378,19 19,22

The map depicting the potential for Micro Hydro Power
Generation (PLTMH) in Singajaya District, Garut Regency,
represents the primary outcome of this research,
identifying strategic locations for PLTMH development.
The focus of the study is on the Cikaengan Sub-
Watershed, with six out of thirteen surveyed sites

demonstrating the greatest potential: points 3, 4, 5, 6, 7,
and 13. These locations were selected based on the non-
electrification ratios of three priority villages—Sukamulya
(34.32%), Pancasura (31.28%), and Sukawangi
(32.23%)—which highlight a significant demand for
electricity. The main objective is to provide energy access
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to remote villages that are challenging to reach with
conventional power grids.

Additionally, site selection was influenced by
significant head height, contributing to the efficiency of
power generation. For instance, sites with high head
include Cibedil Waterfall (point 7), Uju Waterfall (point 6),
and Citiis Waterfall (point 13), which have slopes ranging
from 15 to 55 degrees. Stable water flow rates were also
considered, along with large catchment areas to ensure
the operational sustainability of PLTMH.

Land use around the PLTMH sites is another
important factor, with locations close to settlements
facilitating electricity distribution, while upstream
forested areas serve as natural buffers. This map not only
aids in technical planning but also supports
environmental sustainability. Overall, the map serves as
a guide for PLTMH development, offering practical
solutions to electricity access issues, supporting
sustainable development, and reducing reliance on fossil
fuels. It can serve as a model for renewable energy
developmentin other regions facing similar challenges.

Based on Table 2, the data presents the percentage
of electrification issues resolved in several villages,
namely Sukamulya, Sukawangi, and Pancasura, while
illustrating the potential for enhancing electricity
availability through Micro Hydro Power Generation
(PLTMH). In Sukamulya Village, there are 664 households
(HH) without electricity access out of a total of 1,935 HH,
resulting in a non-electrification ratio of 34.32%. The
overall percentage of electricity availability is 24.22%,
indicating significant potential for PLTMH development to
improve electricity access in this village.

In Sukawangi Village, 640 HH lack electricity
access from a total of 2,046 HH, leading to a non-
electrification ratio of 31.28%. This also suggests
opportunities to harness PLTMH potential to provide
electricity for the community. Meanwhile, in Pancasura
Village, there are 664 HH without electricity out of a total
of 2,060 HH, with a non-electrification ratio of 32.23%.
Developing PLTMH in this village could serve as a solution
for more equitable electricity availability. Table 2
illustrates that PLTMH development could address non-
electrification issues in these villages, with an overall
electricity availability percentage of 19.22% across the
three priority villages.

The distribution of energy potential discussed
highlights the importance of spatial analysis in
determining ideal locations for renewable energy
development. Renewable energy development must
consider local geographic and socio-economic

conditions (Panche, 2004). The map of PLTMH potential
generated in this study indicates that areas with high non-
electrification ratios also possess significant potential for
PLTMH development. These findings align with literature
that emphasizes spatial analysis as a key factor in
renewable energy development (Sukmadinata, 2006).
Thus, this research provides a strong foundation for
recommending PLTMH developmentin Singajaya District.

The distribution and supply of electricity are based
ontheideal provision of 450 watts per household (Lastina
et al,, 2019). Consequently, the potential distribution in
this study indicates that the electricity generation
capacity from PLTMH, divided by 450 watts, could provide
access to 378.19 households, each receiving 450 watts
of power.

Additionally, the research indicates that using a
spatial approach, combined with spatial analysis and
field surveys, can yield electricity generation capacities
ranging from a minimum of 12.4762 kW to a maximum of
78.61452 kW, with six surveyed locations across the
three villages. These include three sites in Pancasura
Village, one site in Sukawangi Village, one site at the
border of Sukamulya and Pancasura Villages, and one
site at the border between Sukawangi and Pancasura
Villages. Each of these priority sites has the potential to
provide for 27.72 HH (location 3), 40.73 HH (location 4),
62.76 HH (location 5), 174.69 HH (location 6), 28.73 HH
(location 7), and 43.52 HH (location 13).

CONCLUSION

The provision of electrical energy in Singajaya
District, Garut Regency, continues to face significant
challenges. According to the collected data, the majority
of residents in this area still rely on electricity supply from
PLN. However, the availability of electricity from PLN is
not evenly distributed across the region, particularly in
remote villages. Field interviews reveal that communities
often struggle to access electrical substations, mainly
due to the proximity of residential areas to rivers and their
distance from major roads or transportation access
points. This indicates that the existing electrical
infrastructure is insufficient to meet the electricity needs
of the entire community, highlighting an urgent need for
alternative solutions that can provide a more reliable and
affordable electricity supply.

The condition of remote areas in Singajaya District
still exhibits a relatively high non-electrification rate. The
priority villages of Sukamulya, Pancasura, and Sukawangi
have non-electrification ratios of 34.32%, 31.28%, and



32.23%, respectively. These high ratios indicate that
many households remain unconnected to the PLN
electricity grid. This situation adversely impacts the
quality of life for residents, hinders economic activities,
and reduces access to essential services such as
education and healthcare. Therefore, there is a pressing
demand for alternative energy solutions that can reach
these remote areas and enhance electricity access for
the entire population.

Singajaya District possesses significant potential
for the development of Micro Hydro Power Generation
(PLTMH) due to favorable geographical conditions, such
as rivers with adequate water flow and optimal head
height. Research indicates that locations like Cibedil
Waterfall, Uju Waterfall, and Citiis Waterfall have high
head and sufficient water flow, making them ideal
candidates for PLTMH. Analytical data show that these
sites, including Hulu Cikaengan and Ereng Waterfall, can
produce significant power output, ranging from 12.93
kilowatts to 78.61 kilowatts. This potential suggests that
with appropriate planning and investment, PLTMH in
Singajaya District can not only efficiently meet local
electricity needs but also contribute to sustainable
energy solutions in remote areas.

The distribution of potential Micro Hydro Power
Generation (PLTMH) in the remote areas of Singajaya
demonstrates several identified sites with substantial
development potential. The distribution map indicates
that potential sites for PLTMH are concentrated around
priority villages with high non-electrification ratios. Six of
the most promising sites—Ereng Waterfall, Kudu, Hulu
Cikaengan, Uju, Cibedil, and Citiis—were selected based
on various factors including head height, water flow, and
land use around the locations.
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