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Abstract
Energy is an inseparable component in human life in every aspect. However, many regions cannot utilize energy sources to
support their daily activities, so there are several breakthroughs made by the government, including the construction of solar
power plants in remote areas. Some challenges arise because is Solar Power in remote areas sustainable? This research analyzes
the sustainability of Solar Power in remote areas as environmentally friendly energy built by government funds (State Budget).
The research location is in Sukarasa Village, Bogor, Indonesia, a remote area that has Solar Power as a source of community
energy. The analysis was carried out by analyzing the Solar Power sustainability factors such as technical, environmental, social,
and economic factors). The results of the analysis of Solar Power sustainability in rural areas using the or Multi-Dimensional
Scaling (MDS) method in the form of a kite diagram. Of the four dimensions of sustainability, the highest sustainability index
values are the environmental dimension; social dimension; technical dimension, and economic dimension of having a less
sustainable status, while the environmental dimension is the only dimension of sustainability that has a fairly sustainable status.
These results indicate that solar power plants in remote areas are quite sustainable, but there needs to be a mechanism for periodic
maintenance and community participation in managing this Solar Power.
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Introduction

In Indonesia, differences between demand and supply of elec-
tricity, resulting in shortage of electricity supply in some areas,
especially areas outside the electricity system of PT.
Perusahaan Listrik Negara (PLN) Java-Madura-Bali. In
2017, there are still 7.2% of households in Indonesia that have
not received access to electricity. Government has continuous-
ly developed renewable energy power plants, especially in
remote areas to increase the electrification ratio and as an
effort to reduce greenhouse gas (GHG) emissions. However,
since 2011, 10% of the total Solar Power units that have been
built by the government have been damaged.

The potential of solar energy in thewestern region of Indonesia
is 4.5 kWh /m2/day, while the eastern region of Indonesia is 5.1
kWh/m2/day, with an average in Indonesia is 4.8 kWh/m2/day
(Deputy Strategic Plan for the Coordination of Energy, Natural
Resources and EnvironmentalManagement [1]). This encourages
the government to continue to build renewable energy power
plants, especially in remote areas to increase the electrification
ratio. The selection of the construction of renewable energy power
plants in remote areas is also carried out to replace the use of types
of electricity generation other than renewable energy in remote
areas which cause GHG emissions and have a negative impact on
the environment. The type of renewable energy power plant that is
mostly built in remote areas by the government is Solar Power.
This is because the potential of solar energy is owned throughout
Indonesia, while the potential for other renewable energy such as
water, wind and geothermal energy is not necessarily possessed in
all remote areas.

Until now the central government through the Directorate
General of New and Renewable Energy and Energy
Conservation, the Ministry of Energy and Mineral
Resources has built 494 units of solar power plants with a total
capacity of 21,548 kWp for 63,193 households spread
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throughout Indonesia (Renewable Energy and Energy
Conservation Statistics [2]). However, there are Solar Power
that can no longer operate optimally. Since 2011, 10% of the
total Solar Power units that have been built by the central
government have been damaged [3].

Indonesia as a country located in the equatorial region has
the potential of solar energy of 4.5 kW / m2/ day [4]. Based on
this, Solar Power is suitable to be developed in Indonesia,
especially in remote areas that have no electricity. There are
five main components in Solar Power, namely photovoltaic
modules, solar charge controller, inverter, and batteries.

The energy provided by the sun directly can be utilized in
the form of heat (thermal energy) and as electricity through
photovoltaics. With photovoltaic cells, sunlight on these cells
can be converted directly into electricity.Meanwhile, to utilize
thermal energy, the incoming sunlight needs to be concentrat-
ed and captured heat [5].

Afgan and Carvalho [6] conveys an assessment of the sus-
tainability of an energy system or a power plant can be done
using four indicators, namely:

1) Resource Indicator: Indicators of resources include: fuel,
stainless steel, copper, and aluminum, which are the raw
materials in a power plant.

2) Environmental Indicator: Environmental indicators con-
sist of four elements, namely carbon dioxide (CO2), ni-
trogen oxide (NOx), sulfur dioxide (SO2), and waste gen-
eration (see Table 1 for more details).

3) Social Indicator: Social indicators reflect social aspects
including: labor, quality of life of the community, and
benefits to the community.

4) Economic Indicators: Economic indicators are based on
effectiveness, investment costs, and energy prices.

Renewable energy power plants, especially Solar Power
have been widely used as sources of electrical energy in re-
mote areas, both in Indonesia and in other developing coun-
tries. [7]) said that the fulfillment of electricity needs in remote

areas of Indonesia is still largely dependent on the Diesel
Power Plant which can burden the community because of
the high price of fuel oil. The existence of renewable energy
sources such as Solar Power can reduce the cost of fuel oil for
Diesel Power Plant, so Diesel Power Plant development plan-
ning needs to be integrated with Solar Power to form a hybrid
microgrid. Blum et al. [8] states that the utilization of hybrid
power plants between Solar Power and Diesel Power Plant in
one region (Pulau Panjang) is able to produce optimal condi-
tions with the contribution of using Solar Power by 67%, as
well as being able to reduce CO2 emissions by 617,208 kg /
year. In addition to remote areas in Indonesia, Solar Power has
also been built in many developing countries to electrify re-
mote areas, such as in Kalasan Province, one of the remote
areas in Thailand [9]. However, Solar Power as an energy
source in remote areas has limitations that is only able to be
used for lighting and low-power electrical equipment.

For several decades, Solar Power began to be consid-
ered in energy policymaking and was promoted to solve
energy problems in remote areas. China and India are
examples of some developing countries that are leading
in terms of Solar Power installations [10]. Although not
the only alternative, one solution meets the seventh point
of the goal of sustainable development, namely ensuring
access to affordable, reliable, sustainable and modern en-
ergy for all, especially people in remote areas who can-
not yet fulfilled by the national electricity grid is the
construction of renewable energy generation in off grid.
One example of off-grid technology is Solar Power,
which has been built in remote areas of developing coun-
tries to provide electricity to people who need to wait for
years to be able to connect to the national electricity
network [11]. However, high failures in the sustainability
of renewable energy systems are also found, such as in
Guatemala where 45% of solar power systems are no
longer in operation and in Laos with 65% failures [12].

Having easy access to various types of energy sources and
with low costs and government support will help people in
remote areas maximize their potential [9]. Photovoltaic Solar

Table 1 Environmental Indicator

No Name Definition Unit

1 Environmental Indicators - CO2 The amount of CO2 in kg produced by the power plant divided by the energy produced
during its useful life.

kg/kWh

2 Environmental Indicator - NOx The amount of NOx in kg produced by the power plant divided by the energy produced
during its useful life.

kg/kWh

3 Environmental Indicators - SO2 The amount of SO2 in kg produced by the power plant divided by the energy produced
during its useful life.

kg/kWh

4 Environmental Indicators -Waste generation The amount of Waste generation in kg produced by the power plant divided by the energy
produced during its useful life.

kg/kWh

Source: Afgan and Carvalho [6]
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Power Plant has succeeded in improving the quality of life of
the local community by increasing access to social services,
such as health and education [13]. In addition, it is important
to remember that the process of designing and planning a
renewable energy system must not only meet the techno-
economic requirements, but must also pay attention to the
environmental dimension [14]. However, each stakeholder
in the renewable energy sector has its own views on the eco-
nomic, social and environmental criteria of the development
of renewable energy systems [6].

The government continues to build Solar Power especially
in remote areas. This increase in Solar Power capacity is not
always accompanied by an increase in the capacity of com-
munities in remote areas, as a Solar Power manager. This has
the potential to make Solar Power performance not optimal.
Therefore, it is necessary to carry out an analysis of Solar
Power sustainability in remote areas. The Solar Power sustain-
ability factors analyzed consisted of technical, environmental,
social and economic factors.

The sustainability of Solar Power has an effect on efforts to
reduce CO2 emissions. Calculation of CO2 emission reduction
is done through comparison of emissions produced from pow-
er plants other than renewable energy, using electricity emis-
sion factors. Through this research, the sustainability of Solar
Power in remote areas will be analyzed as environmentally
friendly energy built by the State Budget fund, including from
environmental factors, namely as an effort to reduce CO2

emissions in these locations.
In line with research on the sustainability of renewable

energy technologies that have been carried out by previous
researchers, Evans (2008) delivered seven indicators of sus-
tainability consisting of:

1) Electricity costs;
2) The GHG emissions shown in CO2 are equivalent, esti-

mated based on the life cycle of renewable energy tech-
nologies, including CO2 equivalent emissions from the
power plant manufacturing activity;

3) Availability of renewable energy technologies and their
limitations for producing energy;

4) Efficiency of power plants;
5) Use of land needed to generate electricity from renewable

energy;
6) Use of clean water needed for renewable energy power

generation technology; and
7) Social impact.

According to Ranzanici [15], there are four sustain-
ability factors of renewable energy systems, namely tech-
nical, social, economic, and environmental factors. The
research is devoted to renewable energy types of Micro
Hydro Power Plants. These four factors are divided into
several indicators, namely:

1) Community Satisfaction: This indicator is used to assess
the quality of energy provided in terms of blackout or
power outages, installed capacity, voltage fluctuations.
This indicator is related to the large number of people or
families who are electrified, which is not the same as the
initial planning, causing the low installed capacity for
each family.

2) Civil Building Construction: This indicator is used to as-
sess the quality of civil works of a Micro Hydro Power
(MHP) including its safety aspects.

3) Electro-Mechanical Equipment: This indicator is used to
assess the quality of electro-mechanical equipment, in-
cluding those related to safety.

4) Repair time: This indicator is used to assess the ability of
communities to overcome technical problems that have
an impact on plant operations. This indicator indirectly
aims to evaluate all factors related to the improvement
or management carried out by the community, such as
the availability of spare parts and technical personnel.

5) Community involvement: This indicator is used to assess
the extent to which people are involved in Micro Hydro
Power Plants operational activities and how to create a
sense of ownership of Micro Hydro Power Plants or
Pembangkit Listrik Tenaga Mikrohidro (PLTMH).

6) Organization: This indicator is used to assess the ability of
organizations to manage renewable energy systems.

7) Extreme Weather Conditions: This indicator is used to
assess extreme weather events that affect the operation
of (PLTMH).

8) Competition for Water Use: This indicator is used to as-
sess the availability of water for other users, for example
for irrigation and pumping water by the community.

9) Financing Administration

This indicator is used to assess the adequacy of mainte-
nance if an error occurs in the MHP system or other problems.

10) Distance to the PLN Electricity Network

This indicator is used to assess how close the electricity
network is, given that people want to get electricity from the
PLN network if possible.

This research aims to analyze the sustainability of Solar
Power in remote areas as environmentally friendly energy
built by the government funds (State Budget). This research
further provides appropriate management recommendations.

Method

This research was conducted at the Solar Power Plant (Solar
Power) located in Cibuyutan Village RW 08, Sukaraksa
Village, Tanjung Sari District, Bogor Regency. Tanjung Sari

Page 3 of 14     2Technol Econ Smart Grids Sustain Energy (2021) 6: 2



District is one of the forty sub-districts in Bogor Regency which
has an area of 129.98 m2 with a population of 51,716. The Solar
Power Plant located in Kampung Cibuyutan RT 16 RW 08,
Sukaraksa Village has a capacity of 15 kWp (Ministry of
Energy and Mineral Resources [2]). The Solar Power is a grant
from the central government, in this case the Directorate General
of New, Renewable Energy and Energy Conservation, Ministry
of Energy andMineral Resources which was built from the State
Budget funds in the 2013 Budget Year.

The analytical method used in this research is the multi-
dimensional analysis or Multi-Dimensional Scaling (MDS)
using the Rapid Appraisal of Fisheries program (Rapfish)
which is modified according to the research needs to become
Rapid Appraisal of Renewable Energy (RapRE), namely
computer-based statistical analysis using statistical software
programs, which transforms each dimension and multidimen-
sional and transforms each dimension of sustainability from
an activity in a particular location ([16], Rahardjanto [17]).
The flowchart of the method is illustrated in Fig. 1. The
MDS method was used due to its ability to calculate various
different dimensions of sustainability and generate an overall
sustainability index. The division of index values and sustain-
ability categories can be seen in Table 2.

Through the analysis of the sustainability status of Solar
Power with MDS using the computer software, an analysis of
leverage, Monte Carlo analysis, determination of stress value,
and the value of the coefficient of determination (R2). All
analyzes are in one package in the MDS program in software.
Explanations and uses of the analyzes are as follows [18]:

a. Analysis of leverage: Leverage analysis is an analysis
conducted to find out the attributes of each sensitive

dimension to improve the sustainability status of Solar
Power in remote areas as environmentally friendly energy.
The most sensitive attribute is determined from the order
of priority from the analysis results leveragewith the view
value Root Mean Square (RMS) on the X-axis ordination.
Solar Power in remote areas.

b. Analysis of Monte Carlo: Analysis of Monte Carlo is the
analysis used to estimate the effect of errors from the
analysis process carried out, with a confidence level of
95% whose value is expressed in the index of Monte
Carlo.

c. Stress value and coefficient of determination (R2): Stress
value is a value that reflects goodness of fit in MDS and
serves to determine whether or not adding attributes need
to accurately reflect the dimensions being investigated.

The steps taken in the analysis of the index and the sustain-
ability status of Solar Power in remote areas as environmen-
tally friendly energy are as follows [19]:

a. Determine the attributes on each dimension of sustainabil-
ity which includes the environmental, technical, social

Table 2 The Division of
Index Values and
Sustainability Categories

Index Value Category

0–25 Not sustainable

26–50 Not sustainable enough

51–75 Quite sustainable

76–100 Sustainable

Source: [16]

Fig. 1 Flowchart of Method
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and economic dimensions. Determination of dimensions
and attributes to be analyzed using theMDSmethod is the
result of studies conducted by researchers and expert as-
sessments. Attributes for each dimension of sustainability
can be seen in Table 3.

b. Conducting assessments and scoring on each attribute for
each dimension based on the study of literature, the results
of existing research conditions, and expert opinion. The
scoring is done on an ordinal scale with a score range
between 0 and 4 which is interpreted from good to bad
or vice versa, according to the conditions of each attribute
on each dimension.

c. Based on the results of scoring on each attribute, an MDS
analysis with the RapRE tool was conducted to determine
the index and the sustainability status of Solar Power in
remote areas as environmentally friendly energy.

To see the most sensitive attribute (leverage factor) contribut-
ing to the sustainability index, a sensitivity analysis is carried
out by looking at the form of change Root Mean Square (RMS)
ordination on the X axis [16]. The final stage is theMonte Carlo
analysis to determine the effect of errors in scoring. To deter-
mine the accuracy of the analysis, the determination of good-
ness of fit in MDS based on the S-Stress value calculated from
the value of S and R2. A low stress value indicates good fit and
a high S value indicates the opposite [19].

Results and Discussion

Based on observations in the field, sunlight appears from
around 07.00 am to 16.00 pm. Rain often occurs in the after-
noonwith a duration of about 1 h. The number of rainy days in
Tanjung Sari District varies between 1 to 25 days per month,
with a total of 133 rainy days in one year or around 36% in one
year (Tanjung Sari Sub-District in Figures, 2016). However,
this does not interfere with the absorption of solar energy in
the solar power system because the rain that occurs only lasts
about 1 h.

Regarding the waste generated, based on the results of
interviews with the PV-VP manager, until now there is
no waste that needs to be managed because there is no
replacement of PV-V components. The operation of
Solar Power does not relatively result in complaints from
residents related to environmental quality, such as noise,
air pollution, and others.

Based on field observations, there is a guardrail at the PV-
VP location to prevent unauthorized people from entering the
PV-VP system, especially in the generator house which con-
tains batteries, inverters, solar charge controller, and other
main components. However, at the time of the field observa-
tion, a number of domestic livestock belonging to residents
who were eating wild grass around the solar module were
found.

Table 3 Dimensions and
Attributes of Solar Power
Sustainability Index

No Dimensions Attribute

1 Environment

([15], [11], Evans et al. [20],
Phillips [21])

i Long exposure to the sun

ii The frequency of rain in 1 week

iii Impact on health and the environment

iv The volume of clean water needed for plant operations

v Waste generated from Solar Power operations

2 Technicals [15] i Number of operators who understand Solar Power
management

ii Community satisfaction with energy quality

iii The time needed to repair the system after a failure

iv Regular training for operators

v Availability of Solar Power spare parts or components at the
local location

3 Social (Evans et al. [20], [15]) i Public acceptance of Solar Power

ii Availability of Solar Power management organization

iii Community participation in managing Solar Power

iv Employment

v Benefits to society

4 Economy ([15], Evans et al. [20]) i Availability of recording cash flow

ii Availability of local government subsidies

iii Solar Power management fee

iv Distance of the PLN electricity network to residents’ homes

v Availability of internal cross subsidies for Solar Power users
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The Solar Power Plant in the research location has a capac-
ity of 15 kWp with a configuration of off grid. The main
purpose of using Solar Power is for lighting at night.
Therefore, Solar Power uses batteries to store electricity gen-
erated during the day. Furthermore, the use of electricity can
be done at night, namely by utilizing electrical energy stored
in the battery. Some of the main components of Solar Power in
research sites and their specifications are as follows (Ministry
of Energy and Mineral Resources [2]):

a. Solar module or photovoltaic (PV) module: The solar
module used is polycrystalline silicon with a minimum
number of cells per module of 36 cells.

b. Valve-Regulated Lead-Acid (VRLA) Gel Battery: These
batteries have a capacity of 1000 Ah and 2 V. respective-
ly. The total number of batteries is 72 units.

c. Inverter: The number of inverters is 3 units with a capacity
of 5 kW each.

d. Distribution panel: The number of distribution panels is 1
unit.

e. Pyranometer: Pyranometer is used to calculate the value
of solar irradiation. The number of pyranometers used is 1
unit.

f. Remote Monitoring System (RMS): Remote Monitoring
System used amounted to 1 unit. The purpose of installing
RMS is to find out the energy produced by Solar Power
and the energy used by the community. By using RMS,
energy data on the PV-VP system in remote areas can be
directly viewed through the system at the Directorate of
New Energy and Renewable Energy, Ministry of Energy
and Mineral Resources

The evaluation of Solar Power sustainability in Sukaraksa
Village as an environmentally friendly energy was carried out
using the MDS method using RapRE software (Rapid
Appraisal of Renewable Energy Status) which has been used
to assess the sustainability status of capture fisheries, and can
be modified to assess the sustainability status of another sys-
tem consisting of several dimensions.

Solar Power Sustainability Index Data

The results of multi-dimensional analysis using software
RapRE produce Solar Power sustainability index value of
51.14. This value reflects that the sustainability of Solar
Power in remote areas, in this case in Sukaraksa Village is
quite sustainable in a multi-dimensional manner. This value
is obtained based on an evaluation of 20 attributes covered in
four dimensions, namely the environmental dimension (5 at-
tributes), technical (5 attributes), social (5 attributes), and
economy (5 attributes). The value of the sustainability index
for each dimension and the results of the sustainability assess-
ment can be seen in Table 4 and Table 5. Based on Table 4, the

overall sustainability index is 51.14, meaning that the Solar
Power is categorized as quite sustainable. The sustainability
index for environment and technical dimensions are catego-
rized as quite sustainable, meanwhile the sustainability index
for social and economy dimensions are categorized as not
sustainable enough. Every score result of all dimensions of
the sustainability assessment is listed in Table 5. For example,
for dimension “Long exposure to the sun”, the score result is
2, meaning that the exposure is about 5–8 h.

Sustainability Environmental Dimensions

The analysis using MDS shows the value of the sustainability
index for the environmental dimension of 61.78%with a fairly
sustainable status. Sustainability index of the environmental
dimension and its attributes can be seen in Figs. 2 and 3.

Based on the results of statistical attributes on the environ-
mental dimension, it is known that the attributes that most play
a role in the sustainability of solar power plant for the envi-
ronmental dimension are the impact on the environment and
health. In the operation phase, Solar Power has relatively no
negative impact on the environment and health, in contrast to
other types of electricity generation, especially non-renewable
energy. This is in line with the results of studies of the use of
solar power plants in remote areas in India which show that
lighting from solar power plants has helped the community to
overcome health problems that occur from the use of kerosene
as fuel and burning candles in a closed room [22]. Research
also shows Solar Power can minimize the risks and dangers
arising from burning fossil fuels that increase GHG emissions
that can result in global warming (Jagoo in [23]).

Sustainability Technical Dimensions

The analysis using MDS shows the value of the sustainability
index for the environmental dimension of 47.93%with a fairly
sustainable status. As shown in Figs. 4 and 5, he statistical
attribute results on the technical dimension show that the at-
tribute that has the most role in Solar Power sustainability for
the technical dimension, namely the implementation of train-
ing for operators. This shows that by increasing the value of
these attributes, the sustainability of the Solar Power technical
dimension will also increase significantly. Operator training
has a relationship with community satisfactionwith the energy
produced and the time needed to repair damage to the system,
where if operator training is carried out routinely it will pro-
duce a reliable operator who is able to repair damage to the
solar power system with a relatively short time, and increase
community satisfaction This is in line with Mandelli ‘s (2016)
study which states that technical training for Solar Power ben-
eficiary communities is important to increase community
capacity.
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Sustainability of the Social Dimensions

The analysis using MDS shows the value of the sustainability
index for the social dimension of 49.15%with a fairly sustain-
able status. Sustainability index of the environmental dimen-
sion and its attributes can be seen in Figs. 6 and 7.

The results of the statistical attributes on the social dimen-
sion show that the attribute that has the most role in Solar
Power sustainability for the social dimension is the availability
of the management organization. This indicates that the exis-
tence of a good management organization will significantly
increase the value of Solar Power sustainability in remote
areas for the social dimension. According to Jorgensen [24],
an assessment of the social dimension in the sustainability of
renewable energy power plants needs to take into account the
impact and the existence of organizations and systems in
society.

The existence of a good management organization is ex-
pected to provide training to operators and the community
related to Solar Power technology, be able to manage Solar
Power finances transparently and optimally, and be responsi-
ble for managing the environment for waste that may arise
from the Solar Power system. Because the existence of this
management organization is indirectly related to other dimen-
sions of sustainability, this attribute provides a large role for
sustainability in the social dimension. In addition to the exis-
tence of the organization, the level of community trust in or-
ganizational leaders is also important for the sustainability of
Solar Power [23].

Sustainability Economic Dimension

The analysis using MDS shows the value of the sustainability
index for the environmental dimension of 45.73% with a less
sustainable status. Sustainability index of the environmental
dimension and its attributes can be seen in Figs. 8 and 9. Based
on the results of statistical attributes on the economic dimen-
sion, the attributes that most play a role in the Solar Power
sustainability for the economic dimension, namely the avail-
ability of government subsidies followed by the cost of

managing Solar Power and the cost of managing Solar
Power has to do with subsidies from the government.

As people in remote areas with relatively smaller incomes
compared to people in urban areas, cost is certainly one of the
important things in getting access to electricity. Although the
cost of managing Solar Power is relatively cheap compared to
other types of power plants. Subsidies from the government
can be used to conduct technical training, replacing compo-
nents that have quite expensive prices such as batteries, and
others.

Sustainability Analysis Solar Power

The results of the analysis of Solar Power sustainability in
remote areas using the MDS method in the form of a kite
diagram can be seen in Fig. 10. Of the four dimensions of
sustainability, the highest sustainability index values are (i)
the environmental dimension of 61.78; (ii) social dimension
of 49.14; (iii) technical dimension of 47.93; and (iv) economic
dimension of 45.73. All three dimensions have a less sustain-
able status, while the environmental dimension is the only
dimension of sustainability that has a fairly sustainable status.

The stress value of the MDS test results is quite low, rang-
ing between 0.15–0.18 and the coefficient of determination
R2 varies between 0.90–0.94. A relatively low stress value
(<0.25) indicates that the results of the analysis and attributes
used are quite good in explaining the index and the status of
sustainability (Reganold 2016).

After obtaining a sustainability index for each dimension, a
Monte Carlo analysis was performed on the software. The
results of the Monte Carlo analysis show that the Solar
Power sustainability index value in remote areas is not much
different from the results of the MDS analysis, which ranges
from 0.30 to 0.77. This indicates that errors in making scores
of each attribute are relatively small, variations in scoring due
to differences in opinion are relatively small, the process of
analysis carried out repeatedly is stable, and errors in data
entry and lost data can be avoided (Reganold 2016).

The Solar Power system in Sukaraksa Village is the off t,
which is not interconnected with the PLN network. This

Table 4 Sukaraksa Village Solar Power Sustainability Index

Dimensions of Sustainability Sustainability Index Difference Category Statistical Value

MDS Monte Carlo Stress R2

Environment 61.78 62.14 0.36 Quite sustainable 0.16 0.94

Technical 47.93 47.63 0.30 Quite sustainable 0.18 0.92

Social 49.14 48.37 0.77 Not sustainable enough 0.15 0.94

Economy 45.73 45.31 0.42 Not sustainable enough 0.16 0.90

Multi-dimensional 51.14 – Quite sustainable – –
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system uses batteries that are based on Government
Regulation Number 101 of 2014 included in the category of
dangerous and toxic materials. Therefore, the electrification
ratio improvement program implemented through the
Ministry of Energy and Mineral Resources needs to coordi-
nate with the waste recycling program with the Ministry of
Environment and Forestry as the main stakeholder. In loca-
tions where there is no recycling program, arrangements need
to be made to provide education to the community and to

require safe management of dangerous and toxic materials
waste [25].

Viewed from the environmental aspect, although Solar
Power can be said to be good because of the continuous avail-
ability of solar energy, the location of the Solar Power also
needs to be properly guarded so as not to be entered by resi-
dents’ livestock. The guardrail at the Solar Power location
must be completely closed and locked tightly to avoid the
entry of livestock or unauthorized persons. The entry of

Table 5 Sustainability Assessment Results

Dimensions Score Good Bad Results Description

Environmental Dimensions

1 Long exposure to the sun 0;1;2;3 3 0 2 (0) less than 2 h; (1) ≥ 2–5 h; (2) ≥ 5–8 h; (3) more than 8 h.

2 The frequency of rain in 1 week 0;1;2;3 0 3 1.8 (0) 1 time; (1) ≥ 2–4 times; (2) -4-6 times; (3) 7 times.

3 Impact on health and the environment 0;1 0 1 0.2 (0) there is no direct negative impact; (1) has a direct negative impact.

4 The volume of clean water needed for
plant operations

0;1 0 1 0 (0) less than other power plants; (1) more than other power plants.

5 Waste generated from Solar Power
operations

0;1;2;3 0 3 1.4 (0) nothing at all; (1) there is but the community can manage the waste; (2)
there is and the community has not been able to manage it; (3) there is and
is disturbing (direct impact).

Technical Dimensions

1 Number of operators who understand
Solar Power management

0;1;2;3 3 0 2.6 (0) 1 person; (1) 2–3 people; (2) 4–5 people; (3) more than 5 people.

2 Community satisfaction with energy
quality

0;1;2 2 0 1.6 (0) not satisfied; (1) moderate; (2) very satisfied.

3 The time needed to repair the system
after a failure

0;1;2;3;4 0 4 1.4 (0) less than 2 h; (1) ≥ 6–12 h; (2) ≥ 12–24 h; (3) more than 1–3 days; (4)
more than 4 days.

4 Regular training for operators 0;1;2;3;4 4 0 1.8 (0) has never been done; (1) conducted once since operation; (2) carried out
2 times since operation; (3) conducted 3 times since operation; (4) carried
out more than 3 times since operation.

5 Availability of Solar Power spare
parts or components at the local
location

0;1;2;3 0 3 0.6 (0) available in the local district; (1) available in the local province; (2) only
available in Jakarta; (3) only available in the country of origin of the
manufacturer spare parts

Economic Dimensions

1 Availability of recording cash flow 0;1;2 2 0 0.8 (0) none; (1) there is but not enough support; (2) there is and supports.

2 Availability of local government
subsidies

0;1 1 0 0 (0) none; (1) there is.

3 Solar Power management fee 0;1;2 0 2 0.2 (0) cheap; (1) moderate; (2) expensive.

4 Distance of the PLN electricity
network to residents’ homes

0;1;2 2 0 0.8 (0) less than 10 km; (1) 10–25 km; (2) more than 25 km.

5 Availability of internal cross
subsidies for Solar Power users

0;1 1 0 0.8 (0) none; (1) there is.

Social Dimensions

1 Public acceptance of Solar Power 0;1;2 0 2 0.4 concerning community knowledge and attitudes about Solar Power: (0)
good; (1) moderate; (2) bad.

2 Availability of Solar Power
management organization

0;1;2 2 0 0.4 (0) none; (1) there is but not enough support; (2) there is and supports.

3 Community participation in
managing Solar Power

0;1;2 0 2 1 concerning community participation in managing Solar Power: (0) good;
(1) moderate; (2) bad.

4 Employment 0;1;2 2 0 1 0) there is no local workforce involved in Solar Power management; (1) up
to 10% of the workforce comes from the local community; (2) there are
more than 10% of the workforce coming from the local community.

5 Benefits to society 0;1 1 0 1.8 (0) there is no difference between the presence or absence of PV-VP; (1)
provide more benefits to the community.
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livestock and unauthorized people can risk disrupting Solar
Power operational activities and endanger yourself. In addi-
tion, weeds need to be routinely cut around the Solar Power
location, making it easier for operators or officers who are
monitoring. Weeds that grow to a height that exceeds the
height of the solar module can also block the received solar
energy so that it will reduce the electrical energy generated
[26].

Research in North Carolina reveals the collaboration of
local farmers with Solar Power developers to create agricul-
tural solutions for managing vegetation on Solar Power sites
[27]. It was stated that the Solar Power developer taught local
breeders to manage vegetation using their livestock, which is
to let the goats eat grass around the project site so that the grass
does not get long and covers the solar panels. This can also be
applied in Sukaraksa Village. However, livestock that enter
the project site still need supervision so as not to disturb and
damage the Solar Power components.

The average energy produced from Solar Power is 8.93
kWh with an average use of 8.68 kWh (Ministry of Energy
and Mineral Resources [2]). The use of energy has started
since 17.00 but with a relatively small amount. The peak en-
ergy use is from 18:00 to 20:00. This is in line with the results
of the questionnaire distributed to residents, where Solar
Power was only used in the afternoon until the evening.
Based on these data, the energy produced by Solar Power is
still able to meet the needs of citizens.

The electricity needs used by residents of Sukaraksa
Village include lights, television, mobile phones, and some
residents have radios and DVDs. Despite the benefits of
Solar Power, its use can only be used at night for a few hours.
The community hopes that Solar Power can be used all day, or
at least since sunset at 18:00 until dawn at 05.00 where the
village is dark if there are no lights. Therefore, the manager is
expected to be able to find out the amount of energy entering,
so that it can estimate the optimal use of Solar Power for the
community.

Solar Power development planning in remote areas needs
to be done by looking at the potential of solar energy in the
location and taking into account the minimum needs of rural

communities [28]. If the government does not pay attention to
these two aspects, it is feared that the community will not be
satisfied with the quality of electricity received and will be
related to the sustainability of Solar Power in remote areas
as environmentally friendly energy.

Another challenge related to the sustainability of small-
scale Solar Power in remote areas is the lack of knowledge
about the supply and demand for electricity in remote areas
[29]. However, these challenges can be overcome by
conducting a survey of the electricity needs of remote areas.
In general, electricity needs in remote areas are only used for
lighting and with relatively small amounts, so the calculation
of predictions of electricity demand is relatively not as com-
plicated as in areas where the type of electrical equipment
usage varies greatly.

Solar irradiation is the main criterion in the construction of
solar power plants, especially those that are communal and
large scale because the amount of solar energy surrendered
will greatly affect the production of electrical energy (Garni
2018). Some of these criteria need to be considered by the
central government in planning Solar Power development in
remote areas so that Solar Power is able to produce optimal
energy for people’s lives.

Solar Power Plants which have unlimited energy sources
during the sun also have some challenges in developing them.
According to Gebregiorgis [13], some of the challenges iden-
tified in the Solar Power development were generally related
to sustainability issues, such as issues related to maintenance,
lack of access to Solar Power spare parts, lack of technical
ability to operate the Solar Power system, lack of support from
related parties in this case the government, as well as financial
challenges for people in remote areas.

A renewable energy system, in this case Solar Power, is
said to be sustainable if in the long term it is able to reduce the
negative impact on the environment and increase opportuni-
ties in the economic and social development of its people.
Therefore, renewable energy technology must be able to meet
three dimensions of sustainable development [30], namely: (i)
environmental dimension, by reducing negative impacts on
the environment, reducing GHG emissions, and reducing the

Fig. 2 Attributes of
Environmental Dimensions
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use of fossil energy; (ii) dimension (ii) social dimension, by
being able to meet basic needs without having a negative
impact on people’s health and human life; (iii) economy, by
reducing the consumption of fossil fuels which have high
prices. To maximize the long-term sustainability of Solar
Power off grid in the long term, the project design needs to
ensure the involvement of key stakeholders in the Solar Power
supply chain, such as energy consumers or the community,
manufacturers or repair of spare parts, project financing insti-
tutions, and government [25].

The main component of solar panels is silica crystals,
which are required to pass the Toxic Leaching Characteristic
Procedure (TCLP) test to ensure that these components do not
fall into the Hazardous and Toxic Material (B3) category. In
addition to silica crystals, solar panels also consist of compo-
nents that can be recycled, such as glass and aluminum, which
make it possible to be recycled at the end of the use of Solar
Power. One of the good practices is in the United Kingdom,
where at present, The Solar Energy Industries Association
(SEIA) has established a national solar panel recycling pro-
gram that works closely with solar module manufacturers and

developers to be able to create responsible recycling networks.
Managing solar module waste [27]. The central government
through the Ministry of Energy and Mineral Resources and
the Ministry of Environment and Forestry can study this pro-
gram and start trying to apply it to Solar Power especially
those built in remote areas to minimize waste generated when
Solar Power is no longer in operation.

One of the main factors in Solar Power management is
ensuring that solar energy can be absorbed by the solar mod-
ule optimally so that it can produce electrical energy that is
also optimal. Dust, other objects, and shadows that cover the
solar module will reduce the ability of the solar module to
absorb solar energy. Therefore, the management must always
ensure that the solar module is clean and not covered by other
objects or shadows. Cleaning the solar module is enough to do
with clean water that is splashed on the top surface of the solar
module. Based on interviews with managers, cleaning solar
modules has never been done due to lack of knowledge and
the assumption that cleaning is not necessary because of the
rain that almost every day that wet and clean the solar
modules.

Fig. 3 RapRE Results of the
Environmental Dimension

Fig. 4 Technical Dimension
Attributes
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At the end of 2017 the central government through the
Ministry of Energy and Mineral Resources has compiled
Operation and Maintenance Guidelines for Solar Power Off
Grid which can be used as a reference in maintaining Solar
Power in remote areas. However, the guidelines have not been
disseminated to Solar Power operators in remote areas, includ-
ing in Sukaraksa Village. Lack of management knowledge on
cleaning solar modules can occur due to suboptimal training
that has ever been provided. Since it was built in 2013, the
manager has only received one training from the central gov-
ernment, which is held by the Solar Power construction con-
tractor. The training was only conducted for three managers,
where at present one of them is no longer in Sukaraksa
Village. In addition, there was no initiative from the manage-
ment to transfer knowledge to other village communities.

When viewed from the educational background of vil-
lagers, the majority only attend school up to elementary
school level and only 1% of respondents attend school up to
senior high school. However, it is unfortunate that 1% of
respondents, who have the potential to capture information
better were not involved in the training. Based on the results

of the questionnaire distribution, 10% of respondents were
interested in participating in training related to Solar Power.
But the training has never been done again. Local govern-
ments need to follow up on this by compiling work programs,
one of which is providing training to remote area communities
related to Solar Power technology and its management.

The off grid electrification project through renewable ener-
gy requires more preparation than the on grid project. It is
necessary to make a profile of the will and ability to pay for
electricity by the community through surveys, calculation of
resources for power plants, and training of community leaders
[25]. Related to the willingness and ability to pay, it is known
that the majority of the community has the willingness to pay
contributions for the management of solar power plants to be
sustainable. However, contributions from the community
alone are still not enough, considering that payments are not
made routinely.

Local governments need to provide subsidies for Solar
Power management, especially in replacing Solar Power com-
ponents in large quantities and at quite expensive prices, such
as batteries. The government can also provide grant assistance

Fig. 5 RapRE Technical
Dimension Results

Fig. 6 Social Dimension
Attributes
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in the form of productive tools that can be used by villagers to
improve their economy, for example refrigerators to make and
sell ice cubes, dryers for agricultural materials to make them
more durable, and others. Access to electricity is able to make
use of electronic equipment and devices by small and medium
enterprises and is able to produce a significant increase in
productivity (Valodka and Valodkiene [31]). Small investors
engaged in the energy sector are also important to be involved
in achieving decentralized energy production based on renew-
able energy and in parallel able to increase energy security
[31]. But keep in mind that the use of productive tools to
improve the quality of life of the community also needs to
be accompanied by the availability of electricity from the
Solar Power.

One of the weaknesses in the management of Sukaraksa
Village Solar Power is the absence of a management organi-
zation. The community chaired by the Chairperson needs to
form and make the Solar Power management organization a
formal organization that is able to accommodate complaints
and input from the public regarding the use of Solar Power.
The community is also expected to be able to participate in

sustainable Solar Power management even though they are
not incorporated in the management organization.

Although the current community participation in Solar
Power management is only in the form of fee payments, it is
hoped that with the Solar Power management organization
community participation can be more varied. Some examples
of community participation in managing Solar Power can be
done through regular payment of fees, supervision of Solar
Power financial reports, security of surrounding locations,
and so on. Project safety is important in the sustainability of
solar power plant in remote areas considering that most pro-
jects experience vandalism and theft on some of the solar
power plant components [23]. Just like the on grid electrifica-
tion program which currently still receives subsidies from the
government, the off grid electrification program also requires
subsidies from the government.

Compared with electricity customers on grid from PLN,
the population of electricity customers off grid in remote areas
generally has lower incomes and types of settlements are
scattered [25]. Technology with a mini grid configuration
has a higher investment cost but lower fuel and operational

Fig. 7 RapRE Results of the
Social Dimension

Fig. 8 Attributes of Economic
Dimensions
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costs when compared to other fuel-based power plants.
However, energy costs can exceed people’s ability or willing-
ness to pay. In such a case, subsidizing consumers off grid can
help with the cost of access to electricity. Public welfare will
increase with the intervention or subsidy for off grid electricity
higher than the long-term costs (Barnes and Halpern [32]).

The condition of Solar Power is site specific, which means
that the condition will depend on the location of the Solar
Power. This research was conducted in a remote area in the
form of the highlands with the majority of the community’s
livelihoods being farming. Remote Solar Power located in the
lowlands or coastal areas certainly have different characteris-
tics from Solar Power located in the highlands. Examples are
Solar Power components that are likely to experience corro-
sion due to sea winds containing salt vapor, as well as Solar
Power components whose performance is sensitive to changes

in temperature, or other conditions. Therefore, further research
is needed on the sustainability of solar power plants in other
remote areas, for example in coastal areas, considering that
Indonesia has a long coastline with large solar energy
potential.

Conclusion

The Solar Power sustainability index in Desa Sukaraksa is
51.14 with the category quite sustainable for each dimension
sorted from the highest value which is (i) the environmental
dimension of 61.78 with a moderately sustainable status; (ii)
technical dimension, which is 47.93 with a less sustainable
status; (iii) economic dimension of 45.73 with a less sustain-
able status; and (iv) social dimension that is 49.14 with less
sustainable status.). Maximizing the involvement of Solar
Power beneficiaries as early as possible is very important for
the sustainability of Solar Power off grid. Some activities that
can be done for example are the introduction of the Solar
Power program, regular meetings with community leaders,
and group meetings. Local governments, either through the
Village Head or the provincial EMR Office have the respon-
sibility in facilitating to provide the community with a frame-
work and support for building a sustainable renewable energy
infrastructure. The community can play an important role in
the decentralization of energy systems, especially environ-
mentally friendly renewable energy. Decentralized energy
systems are in many cases more resistant to climate change
and disasters and more reliable than centralized systems.

Fig. 9 RapRE Economic
Dimension Results

Fig. 10 Solar Power sustainability index diagram
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