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Abstract. By conducting a synthesis review of recent literature, this study aims to provide a comprehensive
conceptual model for acknowledging factors determining private investment in the renewable energy sector within
an emerging country, Indonesia. The synthesis and thus guides stakeholders to encourage investment from the
private sector in renewable energy development. From this study, the authors summarized all factors studied
arguably influential in affecting the private sector to invest as a source of development funding and presenting
several key indicators of renewable energy investment opportunities in Indonesia. The factors that influence the
development of the energy sector include policies related to human capital, environmental protection and energy
efficiency. Therefore, this study should serve as the baseline for future advanced studies.
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1. Introduction

Not only well known as an archipelagic country with more than 17,500 islands and a total coastal line
of 95,181 km, but Indonesia is also notably known for its abundant energy resources (Maulidia et al.,
2019). Indicated by coal, natural gas and geothermal availability, numerous scholars agreed that
Indonesia is arguably one of the richest countries compared to others in energy resources, within the
soil or/and the surface (Udin, 2020). Extending this identity to the potential growth in the economy,
population, higher standard of living and rapid urbanization soon, thus a question arises; with all current
energy supply which dominated by non-renewable energy, will Indonesia’s energy and power
availability go after the demand in which expected to be higher and continuously increase in the future?
To answer the question, the Indonesian government has started the energy sector reformation from
reliance on fossil fuels and start to utilize more renewable energy, step by step, from the late ‘90s
(Bappenas, 2012). Furthermore, in the form of commitment, specialized boards of organization and
policies, the Indonesian government has evolved in managing the energy sector.

Conducting energy sector reformation in Indonesia as an emerging country with an unstable economy,
high population and geographical challenges requires tremendous efforts, intricate policy and firm
regulations, well-coordinated work among related stakeholders and predominantly a huge amount of
investment funds. Thus, the government cannot face all of these challenges without external support.
Therefore, research and insight from scholars and investment funds from private sectors are
indisputably imperative to support the government's effort in renewable energy development in
Indonesia, which has enormous potential.

Referring to the current condition, the utilization of renewable energy is debatably still too low from its
targets sets by the stakeholders, even after decades of development. Currently, it has only reached 6.51%
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in 2016, with a 23% target of the energy mix in 2025 for renewable energy generation (Winarno et al.,
2016). According to prior literature, underinvestment in electricity infrastructure, including generating
renewable energy sourced problem in Indonesia, is believed to be the main issue causing Indonesia’s
struggles to reduce the amount of fossil fuel imports and have several challenges attached in realizing
the plan of renewable energy utilization (Sovacool & Mukherjee, 2011). Maulidia et al. (2019) argued
that the reasons why Indonesia energy sector has been underinvested by the private sector, due to the
government’s neglect of private sectors within policy-making and inability to understand
comprehensively those factors needed to encourage private sectors’ investment particularly, and energy
sector development in general.

These phenomena are captured by this current study and prompt the authors to conduct academic studies
to fulfill the knowledge void on factors determining private investment in the energy sector and provide
investment opportunities analysis for the private sector regarding renewable energy sector investment
in Indonesia. Numerous scholars have been conducted deepen analysis about policies considered needs
to be prioritized by the government in encouraging private sector investment (Dutu, 2016; Maulidia et
al., 2019; Winarno et al., 2016), other non-financial factors that have an influence on energy sector
development (Arafah et al., 2018; Udin, 2020), and even all types of renewable energy resources as a
whole and its potential (Desfiandi et al., 2019; Hidayatno et al., 2019; Mustikaningsih et al., 2019;
Putrasari et al., 2016; Setiartiti, 2018; Sharvini et al., 2018). Nevertheless, to the best of the authors’
knowledge, no primary model has been proposed regarding all factors considered influential in
encouraging private investment in the energy sector. Moreover, prudent investment opportunities
analysis of renewable energy in Indonesia has not been identified from the available literature.

Based on the gap analysis, this study aims to provide a conceptual model that can guide policymakers
and investors in developing a strategy for addressing the various challenges and opportunities within
the renewable energy industry in Indonesia. Furthermore, it will support all related stakeholders to
perform necessary actions to develop and achieve the renewable energy target in Indonesia. Most
importantly, addressing investment opportunities in Indonesia’s renewable energy.

2. Literature Review
2.1 Indonesia — Energy Scenario

This subsection presents the existing energy scenario of Indonesia and the current government plan in
developing renewable energy and substantially discussing Indonesia’s current renewable energy
development and outlook for achieving the target.

Primary energy requirement and energy market — According to the Ministry of Energy and Mineral
Resources in Asia Clean Energy Forum 2017, in the year 2025, Indonesia’s total primary energy
requirement amounted to 92.2 million tons of oil equivalent (Mtoe) (DJEBTKE, 2017). To achieve the
requirement, power plant capacity is expected to reach 180 GW, where 45 GW or 25% of the power
capacity comes from new renewable energy. Referring to national energy policy, the hydro sector will
dominate the NRW power plant capacity with 17.9 GW, followed by geothermal with 7.2 GW and
several renewable energy resources (Government’s Regulation No. 79/2014). However, due to the
growth prediction of customers in Indonesia and area development in Java-Bali and East Indonesia, the
total amount of primary energy requirement is becoming variable. Therefore, it is expected to increase
along the way to 238.8 Mtoe (Maulidia et al., 2019).

According to the Electricity Supply Business Plan (RUPTL) of Indonesia in 2016, Indonesia’s
electrification ratio was only 91.16% over 99.7% by 2025’s target. This percentage is relatively low
compared to other ASEAN countries (WAVTEQ, 2017). There are 12,659 villages in Indonesia from
electrification rate have not to access to electricity (data from the Ministry of Energy and Mineral
Resources). Concerning that, the Indonesian Investment Coordinating Board of the Ministry of
Investment (BKPM) stated, to increase the electrification rate and stimulate the growth of the energy
sector in Indonesia, over USD 78 billion is required from private investment in the development of the
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Indonesian power sector (WAVTEQ, 2017). The statement coming from BKPM was suggested as well
by The International Energy Agency (IEA) for Indonesia; 1) stop the least-efficient coal power plants
utilization, 2) implement fossil fuel subsidies reform to end wasteful energy, and 3) pitch to encourage
private sector investment in renewable energy (International Energy Agency, 2018).
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Figure 1. Primary energy supply in Indonesia (Pusdatin (2016) in Udin (2020).

Electricity generation — Rich in energy resources but poor in electricity (Maulidia et al., 2019). That
is the irony faced by Indonesia. Retrieving data from the International Renewable Energy Agency
(IREA), Indonesia has the potential to produce 716 GW of energy from solar photovoltaic, hydropower,
bioenergy, geothermal, ocean wave power and wind (Udin, 2020). However, in 2015, the electricity
generation was still dominated by oil, coal and gas up to 93.8% (Dutu, 2016; Tasri & Susilawati, 2014).
Between of 2011-2017, the Directorate General of New and Renewable Energy and Energy
Conservation of the Ministry of Energy and Mineral Resources, Republic of Indonesia, has built over
600 power plants worth 3.01 trillion rupiahs across Indonesia national budget source of funding
(DJEBTKE, 2017). Even though those new and renewable energy power plants are not dominated by
the energy generator list and need huge investment for production and maintenance, the Ministry of
Energy and Mineral Resources still shows optimism for Indonesia’s renewable energy potential (Udin,
2020). Henceforth, in trying to maximize the potential, Indonesia must face numerous challenges in
transition and implementation. Rapidly growing demand, aging oil fields, stagnant exploration and
depleting oil and coal reserves are the challenges forcing Indonesia to formulate a new strategy for
energy supply and security (Maulidia et al., 2019). A comprehensive strategy and applicable regulatory
framework are required in guiding the transition to renewables smoothly.

Transition challenges — As mentioned, several labyrinthine challenges precipitated the Indonesian
government to react further from current efforts. Not mean to factor out Indonesia’s awful GHG
emissions due to deforestation and fossil fuel burning, inadequate technologies and limited development
research infrastructure. However, the inability to compensate for the underinvestment within the energy
sector is the main issue affecting the performance for decades of transition. To conduct development
and build new energy infrastructure, Indonesia needs to prepare many financial resources (Udin, 2020;
Winarno et al., 2016).

On the other side of the coin, before the revision made in 2014 when the Indonesian government decided
for the first time to produce a concrete policy regarding renewable energy reformation in the national
energy policies in 2006, Indonesia did not have firm and achievable targets or any enabling policies.
With specified targets on the line, even the ones appearing to be less realistic, all stakeholders in
renewable energy sectors in Indonesia will have a purpose. Every action taken toward the target will
eventually implicate the reduction of fossil fuel reliance levels. Moreover, a target of renewable energy
utilization on the energy mix shows a good sign of the Indonesian government. Maulidia et al. (2019)
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stated that the government has considered renewable energy to solve electrification problems, energy
supply and environmental issues.

Role of the private sector — Renewable energy projects with imported technologies and advanced
human capital will always require a huge amount of funding (Naser, 2014). National budget or public
sector funding will arguably be insufficient to finance the projects. Hence private investment, with all
its finance and technology ability, plays a crucial role in Indonesia’s renewable energy development.
With all the opportunities for renewable energy resources, market size and potential growth, some
global consulting firms, private equity and venture capital are agreed. They recommend that private
sectors have a look at Indonesia’s renewable energy sector. Not only limited to abundant renewable
energy resources but the commitment shown by the Indonesian government towards a greener future.
For instance, 20% target announcement for all locally manufactured vehicles to be electric vehicles by
2025 (Kejora Capital, 2021). In short, Indonesia has promising investment growth and imperative roles
played by the private sector to address the underinvestment in renewable energy infrastructure.
However, there are still reluctance by the private sector to enter the renewable energy business. Several
key factors that are identified including the issue of regulation and policy, the lack of knowledge and
awareness of the consumers and other stakeholders about the importance of renewable energy
infrastructure, and lastly is the disarrayed communities as the linking hub and network to promote and
educate the stakeholders.

2.2 Previous Studies

In the following subsection, this study will posit several synthesis reviews from previous studies
discussing factors determining private investment in the energy sector and what it takes to help
Indonesia in achieving the renewable energy target in 2025. The selected synthesized papers will help
to explain and understand about the underlying reasons for private investment to enter and invest in
renewable energy infrastructure.

a) Policy Reformation

Fundamentally, in developing renewable energy and its deployment, all stakeholders in Indonesia’s
energy sector must acknowledge the three important aspects of energy development: affordability,
security and sustainability (Ardiansyah et al., 2012). In ensuring the aspect affordability and security,
the Indonesian government needs to perform as great as the commitment for energy sector reformation.
Through renewable energy, Indonesia can reduce its dependence on fossil fuels and improve its energy
efficiency. To achieve renewable energy sustainability, the government needs to reform the policy
(Maulidia et al., 2019). In addition, enabling policies are needed to mobilize the funding, improve the
coordination among stakeholders, and facilitate technology and knowledge transfer (International
Energy Agency, 2018). All these efforts are believed to help the government in tackling energy growing
demand in Indonesia.

Practically, the fundamental or theory-based action always has its hurdles in the implementation
process. Compared with cheap coal and biofuels, it is currently nothing but difficult to provide
affordable, reliable and sustainable renewable energy in Indonesia (Ardiansyah et al., 2012). To ensure
the acceleration of the deployment of smart grids and related infrastructure projects, which require huge
investments, Indonesia’s government needs to rely on private sector investment. Therefore, it is nearly
implausible to expect private funding if Indonesia does not create an attractive policy that can be
considered their risk and return profile (Schmidt et al., 2013). Since, playing the main role in achieving
the renewable energy target is impossible without improving the policy and regulatory aspects.

Policy reformation in this matter has a huge spectrum. Concerning that, this current study has
successfully summarized several prior studies that contributed to determining the spectrum; Maulidia
et al. (2019), with a qualitative assessment of Indonesia’s changing policy, suggested the reformation
should be addressed to market reform, feed-in tariffs, restructured subsidies, unclear mandates,
bureaucratic processes, accountability and limited institutional capacity. However, another researcher
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has a different point of view. National energy policies are made to guide a lower level of government.
Thus, policy reformation should be detailed at the lower levels of government or at least the provincial
level to guide all regional stakeholders, including private sectors (Winarno et al., 2016).

Dutu (2016) argued that the government should pay serious attention to clarifying, streamlining and
publishing simple policies in energy as a part of the reform. Additionally, specific policies for
revitalizing fossil fuel, environment protection, land rights, on-shore processing and removing foreign-
ownership restrictions will be more attractive for private sectors and help bring much-needed
investment (Dutu, 2016). On the other hand, to develop effectively, the government needs to provide a
comprehensive and accurate database by proper and strict policy for those renewable energy potentials.
Hence it is becoming a value-added for the private sector (Hesty et al., 2021).

Moreover, to tackling the inequality issue as well, Schmidt et al. (2013) suggested that government
needs to reform the policy that can encourage the private sector to invest in geographically remote areas
or hard to reach areas. Reforms include fossil fuel subsidy re-distribution and public de-risking
measures (Schmidt et al., 2013).

Despite the underinvestment in the power sector, The Indonesian Power Company (Perusahaan Listrik
Negara) still monopolizes the industry. The monopoly is creating another problem for the development
of renewable energy sources in Indonesia. Some previous studies stated that the government needs to
consider the policy to create a competitive wholesale market as an ideal situation (Setyawan, 2014).
With policy reform, scholars believed it could improve the good governance practices in PLN,
especially for PLN’s renewable energy businesses. Differently, Tumiwa & Rambitan (2013) suggested
that policy reform should be focusing on scaling up public and private investment through fiscal
incentives, renewable energy funds and temporary subsidies for renewable energy (Tumiwa &
Rambitan, 2013).

Deeper into micro scales such as urban areas, where the household sector plays an important role in the
energy demand, a reform of renewable energy usage is proposed to help reach national electrification
and environmental targets (Hariadi et al., 2018). Reformation on the policy should address clear
responsibility and task allocation responsible for operation and maintenance costs and financial
feasibility within projects conducted in rural areas (Hariadi et al., 2018).

Stakeholders can easily access the summary of renewable energy sourced electricity in Indonesia
(Maulidia et al.,2019). In their summary, Marquardt (2014) suggested that policy reform should be
conducted to specifically improve institutional capacity regarding the business doing in renewable
energy development. Instances, improvement of quality of services and capacity development
(Marquardt, 2014). Last but not least, the policy reform for this matter could be directed to help
government institutions engage both private and state-owned enterprises to unlock the potential of
private finance or indirectly connect those private investments towards other national investment
projects (Nakhooda, 2014).

b) Human Capital Development

To attract private investment and to accelerate development, only conducting policy reform is
considered inadequate. Udin (2020) suggested that to achieve renewable energy in 2025, human
resource development is significantly needed to develop renewable energy in Indonesia. His opinion
was supported by Mahmood et al. (2019), who argued that there is a significant relationship between
renewable energy and human capital. Furthermore, Sharvini et al. (2018) researched Southeast Asian
countries, energy and consumption are linked to human development. In the paper example, the
researcher suggested that collaboration between Malaysia and Indonesia who shared the similar
geographics and natural resources abundance can produce a positive impact in the welfare of the
countries, leading to improved human capital development. Moreover, energy utilization is proven to
increase human resources and operate and maintain renewable energy facilities or projects (Day et al.,
2018). By improving the human capital development, in return, the perceptive and quality of life of the
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human capital will increase, leading to the higher knowledge and understanding about the importance
of renewable energy infrastructure development. To conclude, human capital development will increase
the utilization of renewable energy in Indonesia, particularly as well as increase the attractiveness of
this sector for private investment (Dias et al., 2006; Singh, 2012).

c) Empowered Communities

The use of renewable energy in Indonesia will bring hurdles within the implementation. A commitment
to empower communities needs to be done by the government in changing Indonesian habits in using
fossil fuel energy to renewable energy (Arafah et al., 2018). Empowerment should be addressed to
stimulate community-based initiatives, such as the IBEKA scheme—a community empowerment
movement beyond supplying electricity from micro-hydro in Indonesia (Guerreiro & Botetzagias, 2018;
Tumiwa & Rambitan, 2013). In their research, an intermediary organization like IBEKA in stimulating
renewable energy development in Indonesia is crucial, particularly in building communities’ ownership,
improving Indonesia’s technical, entrepreneurial and managerial capacities, to transfer knowledge and
technologies. The IBEKA Foundation is a non-profit non-governmental organization whose business
base is the development of people's living standards through the formation of an entrepreneurial spirit
among the community and improvement of the economic system and infrastructure of micro hydro
power plants (PLTMH), especially in remote areas in Indonesia. The main objective of IBEKA is the
economic development of a community in a remote area by increasing the per capita income of these
communities. In short, empowered communities could bridge internal and external factors and thus
represent the attractiveness of the renewable energy sector in Indonesia towards private sectors.

3. Conceptual Framework

Based on the literature review on previous studies, three variables are considered factors determining
private investment in the renewable energy sector and its development in achieving the target in
Indonesia. Therefore, the conceptual framework can be acknowledged as in the following Figure 2
below. Understanding the factors that determine private investment in Indonesia's renewable energy
sectors can help various stakeholders develop these sectors. Therefore, the unrealistic target may be
achieved soon in the near future and declare that Indonesia no longer relies on fossil fuel energy 100%.

Palicy Reformation

Human Capital o Energy Sector
Development i Aftractiveness

-

Figure 2. Conceptual framework (Authors’ Analysis).
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In brief, from the model we can see that in order to attract private investment to invest in renewable
energy infrastructure, first it should have to have its own uniqueness and pull factors that differentiate
themselves from the conventional energy infrastructure. Based on the literature synthesis, we can
conclude that there are three major variables influencing it: policy reformation, human capital
development and empowered communities. Improving the efficiency of the tax system, flexible
regulation and other incentives can help boost the attractiveness of renewable energy. At the same time,
it can influence the overall private placement sentiments in the country. Secondly, the human capital
development in the country. By raising awareness about the danger and how obsolete the conventional
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energy infrastructure, more consumer and investors will change their lifestyle to embrace the renewable
energy idea. Lastly, the empowered community acted as the trigger and network hub to propagate and
spread the discourse about the importance and the benefit of renewable energy usage. As a new a foreign
concept, there are risks presented in the development of renewable energy infrastructure. Constant
education to improve the human capital development and empowering the communities are some of the
surefire way to minimize and mitigate the risks presented here.

4. Investment Opportunities

This section focuses on assessing renewable energy investment opportunities in Indonesia by providing
a key investment outlook and discussing each renewable energy sector, highlighting the demand,
capacity and generation.

4.1 Key Investment Outlook

Indonesia in ASEAN — The 2021 GDP growth forecast for Southeast Asia is expected to be 4%, a 0.4%
cut from the previous forecast due to mobility restrictions reimposed to combat a COVID-19 resurgence
across the region. Singapore is the only country in the region facing a bullish trend while the rest remain
unchanged or downgraded. The GDP growth forecast for 2022 is expected to be 5.2% to reflect the
expected increase in vaccination coverage (Asian Development Bank, 2021). As the largest economy
in ASEAN, Indonesia’s GDP is forecast to increase from US$862 billion in 2015 to US$2.2 trillion in
2025 (WAVTEQ, 2017). However, due to the pandemic, Indonesia's GDP growth forecast is reduced
to 4.1% from the previous 4.5%, mainly due to the second wave of infections (Asian Development
Bank, 2021). From 2021 onwards, it is expected that the country will experience stable growth of around
5.21% to 5.81% (O’Neill, 2021). However, it is in its nature quite speculative, especially with the
current pandemic.

Energy Sector — ASEAN has set an ambitious target to double its renewable energy portion to 23% of
the region’s total energy mix to generate electricity by 2025 and is expected to reach 31% by 2050.
They are adding approximately 35-40 GW of renewable energy by 2025. Solar is currently highly
regarded as the best alternative for renewable energy in the region (Kejora Capital, 2021). Indonesia
produced 616 million tons of coal, 2.8 million standard cubic feet of natural gas and 272 million barrels
of oil in 2019. Indonesia is a net energy exporter, and the energy sector and overall economy primarily
rely on natural resource extraction, with coal as the principal export (11.2% of total energy export value)
and palm oil second (8.76%) (Asian Development Bank, 2020). From the period 2010 to 2019, energy
production declined by 20%. Already a net importer of oil, Indonesia is predicted to be a net importer
of natural gas by roughly 2030 (Agarwal et al., 2020). Primary energy demand has increased by 3% per
year since 2010. Indonesia’s Electricity Power Supply Business Plan (RUPTL) 2019-2028 estimated
annual electricity demand increases by 6.4% through 2019-2028. The MEMR targets to increase
renewable energy to 45 GW, an increase of 20 GW from 2021. The increased target will make up to 23
percent of the total installed energy capacity for the country. In addressing the persisting electrification
problem, the RUKN aims to achieve a 100% electrification ratio nationwide by 2024 (MEMR, 2017).
The government has supported these goals by providing both financial and fiscal incentives, the former
being below the market loan interest rate and the latter, various tax allowances and exemptions.
Moreover, the electrification goal is supported by revising the BOOT and tariff program to attract
investments (DJEBTKE, 2017).

Foreign direct investment in Indonesia— FDI into Indonesia has increased by almost two times greater
to nearly USD 30 billion a year from 2013 to 2016. According to official FDI data from BKPM,
Greenfield FDI has seen a rapid increase from USD14.8 billion of announced FDI projects to nearly
USD 40 billion in 2015 (Financial Times cited in TPSA, 2017). In the energy-related sectors, FDI in
Indonesia amounts to over USD7 billion in 2013 and 2015 declining to USD 5 billion in 2016
(WAVTEQ, 2017).
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4.2 Renewable Energy Indonesia
a. Solar Photovoltaic

The solar energy power generation sector in Indonesia has been idle despite its immense potential.
According to the RUPTL 2019-2028, Indonesia needs to increase solar capacity by approximately 758
MW to achieve its 908 MW target in 2028 (Asian Development Bank, 2020). Moreover, RUEN targets
to increase solar PV capacity to 6,500 MW by the end of 2025, which gives the need to fast-track the
development given that the country is only at roughly 152 MW capacity, or 27.6% from 2019 target,
550 MW (IESR, 2019). To achieve these ambitious solar targets in 2025, USD 3,755 million of total
investment was estimated by BKPM from 2015-2025, the investment was addressed to reach the
capacity and generation target of solar PV. Details in regard to BKPM estimation will be expressed
within the Table 1 below.

Table 1. Solar photovoltaic capacity and electricity generation target, Indonesia, 2015-2025 (BKPM,

2016).
Year 2015 2020 2025
Investment (Million USD) 834 1,140 1,781
Capacity (MW) 417 760 1,425
Generation (GW) 2,922 5,326 9,986

Nevertheless, to produce sufficient enabling conditions in which fostering the private investment, the
government committed to be more open and willing to provide a great investment climate in Indonesia
renewable energy sector. For instance, the government support about the distributed solar PV within
the country. The generation and distributed method can be classified into rooftop solar PV and ground-
mounted solar PV. The former is more suitable for households in the residential sector and the latter for
larger on-grid utility-scale solar PV, e.g., IPP projects (IESR, 2019), with planned solar PV on-grid
projects in Aceh and East Kalimantan. While there are several barriers in its development, such as local
content requirements, land acquisition, unbalanced risk allocation and unattractive tariff and BOOT
scheme, among other things (IESR, 2019), the key barrier in capturing the solar PV potential is that
Indonesia lags other ASEAN countries in project development competencies and technology
manufacturing (Asian Development Bank, 2020). At the very least, this can be addressed through
knowledge transfer by capable investors. Despite the challenges, potential markets are abundant,
including IPP projects, rural electrification, SOEs partnerships, mandatory RUEN requirements and
utility-scale solar power plants.

b. Hydroelectricity

Hydroelectricity development in Indonesia is one of the top priorities of the government in NRE. It is
seen as the most viable, consistent and sustainable source of power in reaching the country’s 23% NRE
target (Asian Development Bank, 2020). In addition, it is considered the most economical option for
addressing the problem of rural electrification in developing countries (Erinofiardi et al., 2017). As of
2019, Indonesia has installed approximately 5.8 GW, eight percent out of its 94 GW hydropower
potential (Asian Development Bank, 2020). Hydropower plants' scales are further classified into pico,
micro, mini, small and largely based on their power production capacity (Erinofiardi et al., 2017).
However, the pursuit of hydropower potential is facing several constraints, specifically relating to socio-
environmental issues caused by large-scale hydropower development, e.g., flooding, environmental
degradations and the threat to saltwater and freshwater ecosystems. In addition, the land procurement
process tends to be lengthy, which may cause delays and financing problems (Asian Development Bank,
2020; Erinofiardi et al., 2017). To maximize the potential and accommodate those challenges, to
develop and build hydro and mini-hydro power plant, the amount of expected investment was USD
36,4 billion to reach 21 GW capacity in 2025 (IESR, 2019). The amount of investment itself displayed
in investment projection of Indonesia electricity sector development stated by IESR in 2019, as follows
in Table 2.
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Table 2. Investment projection of electricity sector development (IESR, 2019).

Energy Capacity Capacity _Tgrget Capacity Capacity
Infrastructure Type Target 2025 2025 (billion Target 2050 Target 2050
(GW) USD) (GW) (billion USD)
Solar 6.5 5.4 45 28.7
Wind 1.8 2.8 28 38.3
Renewable Geothermal 7.2 19.2 175 52.9
Energy Power Biomass 55 6.7 26 1.0
Plant Mini Hydro 3 8.1 7 20.6
Hydro 18 28.3 38 72.4
Others 3.1 2.2 3.1 12.6
Total 45.2 72.5 167.6 255.9

On the other hand, the government has been attempting to address the above issues by easing the
development process in forest areas through several regulations. The most viable form of investment
would pico to small hydropower due to a large body of water as a source. Smaller-scale projects are
considered less risky and will not take as much time to execute. Provinces with the most potential are
West Sumatera, Bengkulu and NTT (Erinofiardi et al., 2017), where players such as MedcoEnergi have
started development.

c. Biomass

Indonesia's government considers the domestic cultivation of biomass and its uses as critical in pursuing
the 23% renewable target. The target set is mainly due to the richness of biomass sources in the nation,
producing up to 146 million tons per year (Asian Development Bank, 2020). The primary uses of
biomass, i.e., biofuels, with a potential of 200,000 barrels per day, and bioenergy amounting to 33 GW.
Indonesia has installed five percent, approximately 1.7 GW in total, with the top potential market for
biomass power generation as cited in Dani and Wibawa (2018): Sumatera, Java and Kalimantan.
According to Mabhidin et al. (2020), the cost of biomass investment is around 900 USD/KW to 1,400
USD/kW, and the energy cost is Rp75/kW-Rp250/kW.

Moreover, biomass can be derived from various agricultural and forestry products, e.g. waste, palm oil,
byproducts, bamboo, rubber and more (Mahidin et al., 2020). The relationship between biomass and
the size of the palm oil industry in Indonesia is certainly to be highlighted. Despite the constraints of
socioeconomic and environmental issues caused by the industry, the government has provided
increasing support through the domestic use of biofuels requirements and subsidies, as elaborated in
Dani and Wibawa (2018). In addition, the government announced that a 30% blend of biofuel (B30) is
compulsory for all fuel sources in hopes of supporting the market starting from 2020 (Asian
Development Bank, 2020). Furthermore, the waste-to-energy subsector also shows potential as
Indonesia is heavily populated, thus producing substantial city and municipal waste. This potential is
supported by the government's plan to develop three waste-to-energy plants in Java and Banten.

d. Geothermal

Studies suggested that Indonesia has the greatest potential in geothermal energy at approximately 28.6
GW, which accounts for 40% of the global potential, with Sumatra and Java topping the rank (Yudha
et al., 2020). Geothermal energy is also a consistent solution in providing electricity as it is not affected
by weather conditions. It is also a priority in RUEN and RUPTL to increase the capacity by 7.2 GW by
2025. However, the utilization of geothermal in Indonesia was only 3.77% of the total energy utilization
or approximately 2,130.6 MW out of 56,509.53 MW, which is very low compared to a fellow ASEAN
member, the Philippines, 44.5% geothermal usage rate (Yudha et al., 2021). The slow development of
the sector mainly relates to the small market for the resource and the costly nature of resource
exploration and commercialization. In addition, management challenges also exist since the sector is
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relatively untapped. The transition from fossil fuel economy to geothermal brings forward the
knowledge transferability problem, which is expected to be refined and utilized in the geothermal sector
in the near future. Another challenge is the high project development risk related to the inability to
quantify resource potential before initiation. The government addressed these challenges by dedicating
programs via the Infrastructure Financing for Geothermal Sector with several fiscal incentives such as
tax deduction possibilities for developers. The sector is implementing a new cost-efficient risk-sharing
mechanism, funded by the World Bank and the Green Climate Fund, to mitigate said resource risk for
both public and private sector enterprises. Currently, the sector's key players are Star Energy Group
(SEG), Pertamina Geothermal Energy (PGE), the Sarulla Consortium and Geo Dipa Energy (GDE)
(Wilson, 2021).

e. Wave and Tidal

The wave and tidal energy sector focus on methods of harnessing energy from the ocean’s elements.
Wave energy relies on ocean waves to produce electricity, while tidal energy depends on low and high
tides. Aside from the two, there are also salinity gradient energy and ocean thermal energy conversion
(OTEC) (Yudha et al., 2021). According to the Indonesian Ocean Energy Association (cited in Yudha
et al., 2021), as the world's largest archipelago, Indonesia has the largest potential in ocean energy of
roughly 92.2 GW. However, as of 2020, ocean energy is still in its research and development phase and
has yet to reach its commercial feasibility. The large investment cost relative to its projected profit has
been the main reason for the lag behind the development. This lag is due to the need for adequate
infrastructure and some equipment components that are still imported, in addition to the limited human
and budgetary resources in the management (Sugianto et al., 2017). These factors serve as a barrier to
entry for potential investors. On the other hand, several straits in Indonesia are considered potential
sites for ocean energy exploitation, namely the Riau, Sunda and Lombok strait. However, the latest
research indicates that data on the hydrodynamics of these sites requires a more accurate assessment of
their potential (Mukhlis et al., 2017).

4.3 Remarks

To summarize, the Indonesian renewable energy sector is filled with lucrative investment opportunities
in addition to the abundant supply of resources and more than adequate demand. The government has
also shown considerable interest through reforms and incentives in supporting the growth of the sector.
From the discussion, the key sub-sectors to be highlighted are hydropower, biomass and solar
photovoltaic due to their potential demand and project feasibility. The geothermal and ocean energy
sector is not to be dismissed as they show promising potential despite the lack of market and lack of
knowledge respectively.

In order to achieve this first it should have to have its own unigueness and pull factors that differentiate
themselves from the conventional energy infrastructure. Based on the literature synthesis, we can
conclude that there are three major variables influencing it: policy reformation, human capital
development and empowered communities. All of these factors will lead into energy sector
attractiveness, which in the end will attract the private sectors to place their investment in the renewable
energy infrastructure.

5. Future Studies

After conducting a synthetic literature review and proposing the conceptual framework model that
might affect private investment in Indonesia’s renewable energy sector, the authors recommend that all
stakeholders consider those their factors in developing renewable energy in Indonesia and encourage
the private sector to invest and help the acceleration based on provided analysis on investment
opportunities. As mentioned earlier within this current study, future studies are recommended to utilize
the conceptual framework the baseline and execute it with more advanced statistical analysis. Therefore,
both qualitative and quantitative approaches are expected to be performed within future studies.
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