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Abstract

Background Hydropower is a mature energy technology and one that could play a more important role in provid-

ing clean and reliable energy. In small-scale contexts, hydropower is useful for providing electricity access, balancing
intermittent resources, and as a potential source of energy storage. This paper provides a comprehensive exploration
of the development of the small hydropower (SHP) sector in Indonesia, the world’s fourth most populous country.

Methods Two research methods were employed: secondary data analysis through a desk review of relevant litera-
ture and primary data collection through site visits and expert and stakeholder interviews. Two case studies of micro-
hydro applications in community-based rural electrification were analyzed. The paper explores how SHP projects were
initiated, lessons learned, and policy recommendations of relevance to further development of distributed small-scale
renewable energy in Indonesia.

Results The sector commenced during the Dutch Era and now centers on both community-based rural electri-
fication projects and commercial schemes under the independent power producer (IPP) approach. Since the late
1980s, initiatives to implement SHP for rural electrification have flourished through various programs. Key regulatory,
economic, and technical barriers include inconsistent and unclear supporting regulations, especially regarding elec-
tricity prices; artificially low retail electricity prices; capital and borrowing constraints; advantages provided to fossil
fuels; limited technical experience and capabilities of project developers and project sponsors; risks from floods, earth-
quakes, and landslides; constraints on supporting infrastructure; and limited grid links. The most successful and sus-
tainable SHP projects are ones that provide local economic benefits and for which local communities are empowered
with ownership and have responsibility for maintenance.

Conclusions SHP will remain small from a macro perspective but could still play a key role in further improving
energy access and equity in remote areas. Key initiatives to facilitate this development could include local-level
capacity building and project participation and the adequate pricing of negative externalities from fossil fuel projects.
Indonesia’s long experience with SHP carries lessons for other developing countries.
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Background

Hydropower is the most mature renewable energy (RE)
technology for electricity generation. However, the devel-
opment of large-scale hydropower, particularly large
dams, is often associated with serious environmental and
social issues, including land inundation, settlement relo-
cations [1], the possibility of disasters due to dam leaks,
and public resistance. Small-scale hydropower (SHP)—
typically run-of-river systems—are smaller in nature and
often do not have as many downsides.

SHP works by converting the potential and kinetic
energy of flowing water into usable energy. The water
is directed to a small weir and then flowed, piped, and
dropped to a lower elevation to turn a turbine, generating
mechanical energy and spinning a generator to produce
electricity [2]. SHP offers a flexible energy source for
rural electrification, self-use power generation, or feed-
ing into the main grid [2—4]. While not a new technol-
ogy, it has the potential to be used more broadly as part
of efforts to reach the target of universal access to clean
energy.

Based on its power generation capacity, SHP can be
categorized into mini, micro, and pico hydropower [5—
7]. The World Small Hydropower Development Report
(WSHDR) 2019 by UNIDO [8] recommended that pro-
jects be categorized as per local definition. In the Indo-
nesian context, large-scale hydropower generally refers to
a hydropower plant with over 10 MW of capacity and a
dam.! Mini hydropower (MHP) typically refers to a run-
of-river plant of 1-10 MW —often an independent power
producer (IPP) project supplying electricity to the grid.
Micro hydropower typically includes projects of 10 kW
to less than 1 MW, which are usually for off-grid rural
electrification purposes. Pico hydropower includes pro-
jects smaller than 10 kW. These definitions are general
and there is some variation in usage.

Previous research has identified various advantages of
SHP. SHP can have a low environmental impact [2], high
efficiency (70-90%), is reliable, and typically operates
with a high capacity factor (>50%). This can make SHP
economically attractive [9]. SHP can also have a high
energy payback ratio, can allow communities to reduce
or avoid the use of fossil fuels [10], and performs well in
terms of public acceptability [11, 12].

According to the WSHDR 2019, out of 229 GW of
global SHP potential, only about 78 GW have been har-
nessed—mostly in Asia [8]. Endowed with mountainous

! That this is the typical definition used in Indonesia was confirmed in
discussion with our panel of experts including from the GIZ Energy Pro-
gramme, Bandung Hydro Association, Ministry of Energy and Mineral
Resources, and project developers. The categorization is also used for the
project financing portfolios of PT Sarana Multi Infrastruktur.
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and hilly geography and relatively high rainfall and
humidity, Indonesia has abundant SHP potential. The
National Energy Plan (issued under Presidential Regula-
tion No. 22/2017) estimated that Indonesia’s total hydro-
power potential is up to 75 GW. Of this, the WSHDR
2019 indicated that SHP potential in Indonesia is about
12.8 GW [8]. Not all of this will be economically feasible
to develop, however. Grid availability and limited local
electricity demand are among the constraining factors
[13]. In-depth site-specific feasibility studies are required
for any individual hydropower investment decision [14,
15].

Prior research on SHP projects in Indonesia has pre-
dominantly emphasized its potential [16, 17] and carried
out techno-economic analysis [18]. This paper instead
provides a comprehensive historical exploration into
SHP development in the Indonesian context: how SHP
was initiated, its current status, and lessons learned. To
our knowledge, it is the first to provide a comprehensive
review of SHP development in Indonesia, incorporating
both case study and broader evidence.

The paper is structured as follows. The methods will
next be introduced. This is followed by a results section
describing SHP development from the East Indies era
(Dutch Occupation) until the golden period of commer-
cial MHPs. A review of micro-hydro as a rural electrifica-
tion solution and its adoption for government programs
and policies since the 1970s is then presented. The key
barriers to SHP development will then be discussed, fol-
lowed by the key issues and reform options for boosting
the development of SHP in Indonesia. The study finishes
with a conclusion.

Methods

Two research methods were employed in this study. The
first was secondary data analysis through a desk review
and analysis of relevant literature. The second was pri-
mary data collection through site visits and expert and
stakeholder interviews, including with investors, project
developers, non-governmental organizations (NGOs),
central government officials (e.g. from the Ministry of
Energy and Mineral Resources/MEMR), local govern-
ment officials, the State Electricity Enterprise (PLN),
and banks and financing institutions. The paper also
draws on the experience of international organizations in
supporting RE development in Indonesia, particularly the
German Agency for International Cooperation (Deutsche
Gesellschalft fiir Internationale Zusammenarbeit/ G1Z).

2 PLN (in Bahasa Indonesia: Perusahaan Listrik Negara).
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Results

The use of SHP in the East Indies tea factories
(1800s-1920s)

The first generation of SHP projects in Indonesia was
designed using European Francis and Pelton turbines
during the Dutch Occupation Era in the late 1800s. The
projects were to supply electricity for the tea gardens and
factories of the East Indies (the name of Indonesia under
the Dutch Occupation Era), mainly in the mountainous
ranges in the western part of Java Island. The tea factories
were constructed and operated to support the demand
for high-quality tea in European countries. Dutch pri-
vate-sector operators leased the land from the East Indies
Government. More than 400 SHP plants were reportedly
erected by the Dutch during the late 1800s to the 1920s
[19].

One of the visited sites in the field study was Malabar
MHP, an early-generation plant in operation since 1913.
The site is in the Malabar Tea Plantation, Banjarsari vil-
lage, Pangalengan sub-district, Bandung regency—about
30 km to the south of the city of Bandung, West Java
province. The plant remains in operation, although its
performance has declined. Several other mini and micro-
hydro plants were also erected in the surrounding area
for the electrification of tea factories, including Cinan-
gling (1.3 MW), Cijambe (837 kW), Indragiri (108 kW),
and Gunung Tua (1.3 MW) [20].

During the Japanese occupation in World War II
(1942-1945), some tea plantations were substituted
with other food and crop commodities, leaving tea fac-
tories and their power plants abandoned [19]. Following
Indonesian independence in 1945, all former East Indies
assets, including the tea factories and the SHP plants,
were nationalized under the Pusat Perkebunan Negara
(PPN—National Estate Center). When these entities were
transformed into limited liability companies in the 1950s,
most assets switched to being managed by the planta-
tion state-owned enterprise, PT Perkebunan Nusantara
(PTPN).? Some plants have still been operating in recent
years but have become inefficient and eroded by age.
Others have been abandoned given the decline in Indo-
nesia’s tea industry. PTPN had planned to invite private
investors to revitalize and operate the plants under long-
term rent-operate-transfer (ROT) arrangements, with
electricity sold at commercial rates to PLN. However, this
scheme has yet to materialize [20].

3 PTPN (PT Perkebunan Nusantara).
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The role of SHP for early electrification in the East Indies
(1900s-1945)

Bandung, the capital of West Java province, was one of
the Dutch East Indies Government centers, home to sev-
eral utility-scale SHP plants built for regional electrifica-
tion purposes. In 1906, the first reported utility-purpose
MHP project was built in the northern part of the city.
It was named Waterkracht werk Pakar aan de Tjikapoen-
doeng nabij Dago or simply the Pakar MHP, a 2 MW
run-of-river system using water from the Cikapundung
River. It was operated by the Bandoengsche Elektricitei-
tsmaatschappij (Bandung Electric Company). However,
in the early 1920s the plant was abandoned and replaced
by two units of cascade MHP and micro-hydro: Centrale
Bengkok (3 x1.05 MW) and Dago (700 kW). Both remain
in operation.*

In the late 1920s, three cascade hydropower plants
were built in the southern part of Bandung: Plen-
gan (6.87 MW), Lamajan (19.56 MW), and Cikalong
(19.20 MW). The water came from the Cisangkuy River,
Cisarua, and the Situ Cileunca artificial reservoir. These
plants are still in operation, managed under PT Indonesia
Power, a subsidiary of PLN [21]. Figure 1 presents exam-
ples of Dutch heritage hydropower, designed for tea fac-
tory electrification plus supply to the main grid.

The early generation of SHP projects faced stagnancy
and later hiatus [19]. Our discussions with experts iden-
tified that limited human resource capacity and access
to spare parts led to high operational and maintenance
costs for the old Dutch-used SHP projects.” The oil boom
in the 1970s created an opportunity for Indonesia (an oil-
producing country) to experience a bonanza [22]. Energy
export revenue jumped from about 20% of the Indone-
sian central government revenue in 1970 to about 60% in
the early 1980s [23, 24]. Oil euphoria pushed renewable
energy development down the list of priorities [19].

The use of SHP as a rural electrification solution (1970s-
present)

Rural electrification issues became increasingly impor-
tant to the government of Indonesia from the mid-
1970s, creating heightened interest in micro hydropower
schemes. A key motivator was the low level of electrifi-
cation; the residential electrification rate was only about
15% of households in the mid-1970s and about 10% in
rural areas [25].

* Site visit to PT Indonesia Power, Bengkok MHP and discussion with our
panel of experts including Bengkok MHP plant supervisor, PT PLN, and the
Bandung Hydro Association.

> Discussion with our panel of experts including GIZ Energy Programme,

Bandung Hydro Association, and the Mandiri Foundation (Yayasan Man-
diri).
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Gunung Tua MHP 1.35 MW Cijambe MHP 837 kW
Location: Subang. West Java Location: Subang, West Java
Built in: 1913 Built in: 1913

factories

Source: Cigadog River. 3.48 m’/s
Operator: PTPN VIII
Purpose: Electricity for tea

Status: In operation

Source: Cileuleuy River: 3.68 m’/s
Operator: PTPN VIII

Purpose: Electricity for tea factories
Status: In operation

Cinangling MHP 1.38 MW
Location: Subang. West Java

Built in: 1913;

Source: Ciasem River: 2.7 m/s
Operator: PTPN VIII

Purpose: Electricity for tea factories
Status: Not operating

Ao

3
¢
4

Centrale Bengkok MHP 3x1.05 MW
Location: Bandung City, West Java
Built in: 1923; Machine: GE

Source: Cikapundung River: 3m’/s
Head: 102 meters

Type: Daily reservoir pond

Operator: PT Indonesia Power
Purpose: Connected to main grid
Status: In operation

= =
Dago Microhydro 700 kW
Location: Bandung City. West Java

Built in: 1923: Machine: Smith Slikerveer
Type: Cascade; Run-off river

Operator: PT Indonesia Power

Purpose: Connected to main grid

Status: In operation

WEST JAVA

Location: Pangalengan. West Java
In operation: Since 1922
Operator: PT Indonesia Power
Purpose: Connected to main grid

2 . :
M. BT
-_—_ ~

Head: 208 meter

Status: In operation

Location: Pangalengan, West Java;
Built in: 1924-1925; 1933-1934
Machine: Smith Slikkerveer: Heemaf
Type: Cascade: daily reservoir pond
Source: Cisangkuy River 3.9 m/s:

Operator: PT Indonesia Power
Purpose: Connected to main grid

Cilaki/Malabar MHP 3x1.5 MW

Location: Pangalengan, West Java; Built in: 1913

Type: Run-off river: Source: Cilaki River 3.79 m3/s: Head: 110 meter
Operator: PTPN VIII: Purpose: Electricity for tea factories: Status: In operation

Fig. 1 Examples of Dutch small hydropower plants for tea factory electrification and main grid supply during the East Indies Era [20, 21]

A fillip to the use of micro-hydro for rural electrifica-
tion occurred in the late 1970s when a group of engineer-
ing students from Bandung Institute of Technology (ITB)
established a non-governmental organization (NGO)
named the Mandiri Foundation (Yayasan Mandiri).
This NGO engaged in community empowerment and
technology-based infrastructure development, including
micro-hydro installations and community waterwheel
repairs. It was also active in disseminating knowledge on

micro-hydro technologies to rural communities and in
carrying out technical studies and training.

In the late 1980s, some international donors started to
cooperate with and sponsor non-profit activities. Swiss-
contact, a Swiss agency, provided a scholarship pro-
gram to study water turbines and relevant operational
skills in Europe. The agency also facilitated knowledge
and technology transfer by implementing a Small Metal
Entrepreneurship Development Program. This aimed at
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improving the technical and managerial skills of small-
and medium-scale metal workshops in Bandung. The
government through PLN and MEMR also began to
implement micro-hydro projects in rural and remote
areas.

In the early 1990s, Deutsche Gesellschaft fiir Tech-
nische Zusammenarbeit (GTZ) (later GIZ) imple-
mented the GTZ Micro-Hydro Program (GTZ-MHPP)
aimed at supporting the standardization and perfor-
mance improvement of micro-hydro in Indonesia. This
included introducing crossflow turbines and electronic
load controllers. The program also intended to increase
the capability and expertise of Indonesian micro-hydro
practitioners. The reputation of micro-hydro began to
revive and it became more widely known as a worthwhile
technological solution for rural electrification. Follow-
ing this, funding from central and local governments as
well as donors and international organizations started
to be allocated to SHP. These funds supported capacity
building and technical assistance to improve micro-hydro
related expertise and skills for project developers, turbine
mechanics, and surveyor services. The growing micro-
hydro market saw the establishment of several small-
scale water turbine manufacturers in Bandung such as
PT Cihanjuang Inti Teknik (CINTEK), PT Kramat, and
PT Heksa Hydro. These companies reportedly produced
more than 1,100 units totaling almost 50 MW, includ-
ing crossflows, Pelton wheels, and propeller turbines.
Products were exported to countries in Asia, Africa, and
Europe [26].

Further international cooperation and the adoption of SHP
into government policies (2000s-present)

Amid the recovery from the Asian Financial Crisis in the
early 2000s and Indonesia’s democratization and decen-
tralization process, the development of micro-hydro for
alternative energy and rural electrification in Indonesia,
especially projects funded by the government, continued.
In 2002, the government through the MEMR also issued
the first regulation on distributed small-scale generation.
This formally enabled communities, cooperatives, and
small-scale businesses to become involved in electricity
generation, sales, and purchasing.

International donors and corporate social responsibil-
ity (CSR) activities also sponsored pilot micro-hydro pro-
jects in the early 2000s. Donors increasingly focused on
community capacity building, particularly to strengthen
the institutional set-up of the micro-hydro sector and
ensure sustainable and productive use of SHP. GTZ in
cooperation with the ASEAN Centre for Energy (ACE),
ENTEC AG, and the Technical Education Development
Centre Bandung (TEDC) supported the development of
an ASEAN Hydropower Competence Centre (HYCOM)
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in Bandung, expected to become an ASEAN Centre
of Excellence on micro-hydro development. GTZ also
worked to support the development of an operations and
maintenance (O&M) center towards a sustainable micro-
grid and the development of minimum technical speci-
fications for the design, operation, maintenance, and
administration of micro-hydro. The program was then
followed by the commissioning of a Micro Hydro Power
Technical Support Unit (MHP-TSU) in 2006. This pro-
vided technical assistance for the planning and construc-
tion of government-funded micro-hydro projects as well
as for capacity development. In 2009, a global program
Energising Development (EnDev) started its implemen-
tation in Indonesia to promote clean energy access until
2019.

Various micro-hydro projects were built in the 2000s,
mainly for rural electrification. Both non-governmen-
tal (donors and international agencies) and govern-
mental programs were responsible for implementing
the projects. Among these were the Integrated Micro
Hydropower Development and Application Program
(IMIDAP) under the United Nations Development Pro-
gram (UNDP). IMIDAP provided technical assistance
and standardization for feasible micro-hydro and Gov-
ernment-level capacity empowerment across Indonesia
[27]. Others were the 5P (Pro-Poor Public—Private Part-
nership) Project by the United Nations for Economic and
Social Commission for Asia Pacific (UNESCAP), which
provided a partial grant for community empowerment
and rural electrification [28]; the Global Environmen-
tal Facility (GEF) Small Grant Programme (SGP) of the
UNDP; a Japan International Cooperation Agency (JICA)
program; and a program of the Korea International
Cooperation Agency (KOICA).

These programs were usually supported by grants
from international donors to local NGOs, which in turn
served as the project-implementing entities. The NGOs
included the People Centered Business and Economic
Institute (IBEKA), a local organization that had been
actively introducing entrepreneurship, micro-hydro for
rural electrification, and community-based approaches.®
IBEKA is known for its Cinta Mekar pilot project of
cooperative-based micro-hydro funded by UNESCAP,
a project that introduced the 5P concept [28, 29]. Other
NGOs such as the Environmental Development Founda-
tion (in Bahasa Indonesia: Yayasan Bina Usaha Lingkun-
gan) and WWF Indonesia were also involved.

S IBEKA (Institut Bisnis Ekonomi Kerakyatan) was founded by Tri Mum-
puni, a social entrepreneur and philanthropist who has been involved in the
development of hydropower electricity for more than half a million people
in Indonesia.
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While international donors and private companies
played important roles, government initiatives remained
more prominent overall. By the mid-2000s the govern-
ment started to institutionalize micro-hydro installa-
tions under various programs. This included the National
Community Empowerment Programme (PNPM’)
administered by the Ministry of Home Affairs (MOHA)
during 2006-2014; the Energy Self-Sustained Village
(DME®) administered by the MEMR over 2007-2012;
and smaller-scale fund allocation programs by other min-
istries. The Ministry of Finance (MoF) and MEMR also
implemented a Special Purpose Grant (DAK®) for rural
energy in 2013-2018. The DAK has been funded through
the state budget and provided opportunities for gover-
nors in Indonesia to apply for funds for the development
and utilization of RE for rural electrification in their
regions. Through these programs, hundreds of micro-
hydro systems have been installed.

Unfortunately, due to poor data management and coor-
dination, there are no exact records on the total num-
ber of micro-hydro systems in Indonesia, their sizes, or
their exact dates of opening. According to IMIDAP [27],
almost 500 units of micro-hydro totaling~15 MW were
built during 1980-2010. About 437 of these units (total-
ing about 10 MW) have capacities of less than 100 kW
each. According to GIZ surveys, there were 357 micro-
hydro units totaling about 9.5 MW built over 2009-2017,
producing output to meet the electricity needs of almost
38,000 households [30]. Assuming capital expenditure
(including the cost of logistic transportation to remote
regions and network connection to each household) of
USD 4000-6000 kW [31], it is estimated that around USD
40-60 million was mobilized from various sources for
micro-hydro infrastructure in Indonesia over 2009-2017.

Successful cases of SHP-based rural electrification projects

There are hundreds of examples of sustainable micro-
hydro projects supported by grant schemes in Indone-
sia. With the community at the heart of any sustainable
rural electrification experience, the capacity to maintain
systems has been of paramount importance. Five-dimen-
sional sustainability risks can arise from the inability of
communities to manage assets either technically (due
to, for example, limited access to supply chains for spare

7 PNPM (Program Nasional Pemberdayaan Masyarakat) is a national pov-
erty alleviation program primarily based on community empowerment.

8 DME (Desa Mandiri Energi) refers to the Energy Self-Sustained Village
Program managed by MEMR, which has aimed at encouraging villages
to meet their own energy needs, create jobs, and reduce unemployment
and poverty by boosting the capacities of communities and users of local
resources.

¥ DAK (Dana Alokasi Khusus) is a special purpose grant from the central
government for the construction of specific projects.
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parts), financially (e.g. the revenue based on electricity
fee payment is unable to cover O&M costs), socially (e.g.
a lack of sense of belonging and beneficiary unwilling-
ness to pay for electricity), environmentally (e.g. limits to
water resource availability), or institutionally (e.g. lack of
knowledge and education of the community). Similar was
found in previous research in Indonesia and elsewhere [4,
32-34].

A notable concern is that some micro-hydro projects
have been abandoned when the grid infrastructure of
the electricity utility, PLN, has reached the area. To seek
to reduce this issue, MEMR Regulation No. 39/2017
(amended by MEMR Regulation No. 12/2018) was issued
to enable government-funded micro-hydro projects to be
connected to the grid to sell their electricity. However,
a lack of understanding by communities and operators
with regard to electricity sales has created challenges.
Many rural communities are unfamiliar with electricity
sales regulations and how to establish legal business enti-
ties such as cooperatives or village enterprises in order
to conduct commercial business with PLN.'® Moreover,
delays in SHP asset handovers from the MEMR to the
regional government and communities (as beneficiaries)
have led to unclear asset ownership and legal statuses. By
regulation, the asset handover process has to go through
inspection and verification procedures of the MoF. For
any asset valued at over Rp 10 billion, approval needs to
be granted by the President of Indonesia [35].

Several NGOs such as IBEKA have been actively pro-
moting community-empowered micro-hydro. This con-
cept involves the community from planning through to
operational processes so as to nurture a sense of belong-
ing. Meanwhile, GIZ through EnDev has promoted the
productive use of energy by village beneficiaries through
pilot projects. By encouraging the use of electricity for
income-generating activities, it is expected that com-
munities will in turn seek to maintain the continuity of
micro-hydro operations.

Two case studies were researched for this paper:
Kamanggih village and Tepal hamlet. The first emerged
via cooperation between HIVOS (a Dutch NGO) and
IBEKA. The second was a government initiative.'!

10 Discussion with a panel of experts including the Kamanggih Service
Cooperative and a Focus Group Discussion on Rural Electrification Solution
(Solusi Listrik Desa — “SOLID”) attended by central and local government
officers and local communities utilising renewables micro-grids including
those from Tepal hamlet.

1 The locations of Kamanggih and Tepal hamlet can be seen in Fig. 4.
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Fig. 2 The Bakuhau micro-hydro in Kamanggih village, Sumba island (left and center). The electricity service helps communities to work on peeling

candlenuts during the night-time (right)

37 kW micro-hydro in Kamanggih village, Sumba island,
East Nusa Tenggara

IBEKA and HIVOS installed a 37 kW micro-hydro pro-
ject in a hamlet named Bakuhau, in Kamanggih village,
Sumba island, East Nusa Tenggara province. The plant
was built in 2011 as an off-grid rural electrification pro-
ject under the Sumba Iconic Island Initiative to provide
electricity to 100 non-electrified households, a church,
and a water pump as a source of clean water. It was to
be operated 6 pm—6am daily. About 80 of 100 households
installed a 0.5-A circuit breaker (125 VA) connection,
paying a flat fee of Rp 25,000 per month for the electric-
ity—equivalent to about USD 2/month using the 2011
exchange rate of Rp 12,500/USD. About 20 households
installed a 2-A circuit breaker (450 VA), with a flat pay-
ment of Rp 85,000 per month (USD 6.8/month).

During our 2016 site visit it was observed that almost
all households that were connected to the project used
electricity for lighting, cell phone chargers, and television.
Some also used it for other productive activities such as
operating chainsaws.!> IBEKA and HIVOS empowered a
village cooperative, Kamanggih Service Cooperative, to
create and facilitate community ownership of the micro-
hydro. As the plant was designed to be handed over to the
cooperative, the community was actively involved from
an early stage, including in construction. The revenue
from electricity sales was managed by the cooperative
and used for O&M purposes (Fig. 2). Two young villagers
received vocational high school scholarships for a course
on electricity so that they could become operators.

At the end of 2013, PLN, which had previously only
supplied electricity to the foothills and village center via
a high-cost and old diesel power plant, began to expand
its electricity service to the entire Kamanggih village.
PLN sought to negotiate with the community coopera-
tive to connect the micro-hydro to PLN’s local grid under
a power purchase agreement (PPA). A deal was finally
agreed, with an electricity sales price of Rp 475/kWh (US

12 According to the site visit and also discussions with the local communi-
ties, IBEKA, and Kamanggih Service Cooperative.

3.8 cents/kWh). In accordance with the PPA, the com-
munity cooperative would retain the responsibility to
operate the micro-hydro. PLN was obliged to (i) purchase
the electricity and ensure that electricity supply is avail-
able for all areas of Kamanggih, 24 h per day, and (ii) sup-
port maintenance costs towards ensuring the reliability
of the micro-hydro system. Kamanggih became the first
24/7 electrified village on Sumba island, and the commu-
nity cooperative could earn about Rp 50-60 million per
month from PLN on average, which is a relatively size-
able sum. The micro-hydro project is able to save PLN up
to Rp 300 million/year while also increasing the breadth
of the entity’s generation and consumer bases.'?

25 kW and 40 kW micro-hydro in Tepal hamlet, Sumbawa
island, West Nusa Tenggara

The Ministry of Cooperatives and Small and Medium
Enterprises (MCSME) has implemented a micro-hydro
program with the aim of improving the community’s
welfare under cooperatives. Electricity provision was
never the sole intention. Instead, cooperative establish-
ment is central to this program, with a power plant being
perceived as an enabler for other productive activities.
Under this scheme, cooperatives are responsible for man-
aging the power plant, while ensuring its utilization is
predominantly for income-generating activities.

Ngengas Multi-Business Cooperative (KSU Ngen-
gas)'* in Tepal hamlet is an example of a successful case.
A 25 kW micro-hydro system was built in 2010 with
funding from the MEMR to deliver electricity access to
279 households and 20 businesses. Three years later, the
MCSME funded another system of 40 kW capacity. Tepal
micro-hydro is utilized mainly to support the production
of the hamlet’s biggest commodity: coffee. KSU Ngen-
gas is responsible for coordinating services and repairs.

13 This calculation assumes 24-h daily electrification with a daily average
load of 25 kW and alternative diesel consumption of 0.25 L/kWh cost at Rp
10,000/liter (including transportation).

14 KSU Ngengas refers to Ngengas Multi-business Cooperative (Koperasi
Serba Usaha Ngengas).
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When the system broke in 2014, the cooperative repaired
it without external support. In 2017, an ASEAN Energy
Award was given to KSU Ngengas in recognition of their
success in managing the plant.

Lessons learned from micro-hydro-based rural
electrification programs

The 1970s—early 2000s period was important for devel-
oping human capacity in micro-hydro technology and
collaboration among actors in local and bottom-up
activities, with national and international development
support resulting in the establishment of many projects.
The period saw labor specialization in SHP, job creation,
the development of local production networks in turbine
manufacturing, and institutional capacity building.

Beyond the 2000s, government initiatives have further
accelerated the development of micro-hydro for rural
electrification. International support has again been a
significant part of the story. Pilot projects have helped to
spur learning-by-doing and the boosting of institutional
capacities. The projects were linked to various income-
generating business schemes with the objective of creat-
ing a strong and self-reliant institutional set-up to ensure
the sustainability of projects.

Not all projects have been successful, with some fall-
ing into disrepair or being abandoned. Failure of govern-
ment-initiated micro-hydro projects has often been due
to a focus on headline numbers rather than sustainability
or service quality [36]. The cases of Kamanggih and Tepal
indicate that the sustainability of these projects is linked
to the economic value created by electricity-consuming
activities. Thus, it is important that the development of
micro-hydro and other rural electrification infrastruc-
ture consider pairing with income-generating activities.
Examples from the case studies include electricity-based
revenue through a PPA in Kamanggih and also the local
coffee business in Tepal. The support of developmental
agencies in feeding knowledge into the projects via forms
of capacity building such as training, workshops, and
peer-to-peer learning has also been important in both
cases. Community capacity to manage the system has
been vital for project sustainability.

The decision to either expand the grid to remote vil-
lages or develop off-grid SHP depends largely on the
distance between the PLN grid, the hydro resource, and
the rural settlements. A decentralized off-grid SHP pro-
ject can be most effective for remote places that PLN’s
grid will not reach during the next 5-10 years under the
annual PLN Electrification Plan. Another consideration
is to what extent the SHP project can lower the average
electricity generation cost. For reference, Table 1 pre-
sents government regulations regarding RE utilization
(including hydropower) for rural electrification.
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Commercial MHP schemes (early 2010s—present)

Most commercial SHP schemes are MHP projects of
more than 1 MW capacity. The 2010s onwards has seen
increasing private-sector interest in the development of
MHP under the IPP framework for electricity sales to
PLN. The trend is also partly in response to a govern-
ment target to achieve a 23% renewable share in pri-
mary energy (excluding traditional biomass) by 2025 and
also national greenhouse gas (GHG) emissions reduc-
tion targets. MHP is the fourth-largest contributor of
renewable electricity capacity in Indonesia—after large
hydropower, geothermal, and biomass—with a total
(estimated) installed capacity of 486 MW (Table 2) [37].
Overall MHP capacity is more than three times the over-
all micro hydro capacity. Figure 3 summarizes the histori-
cal development of SHP in Indonesia.

Discussion

We here first discuss the constraints to IPP-based MHP
projects in Indonesia. Key barriers from regulatory,
economic-financial, and technical points of view—the
three most crucial dimensions for sustainable technology
adoption and use [38, 39]—are identified. We then dis-
cuss the key issues and reform options for boosting the
development of SHP and renewable energy more gener-
ally in Indonesia.

Regulatory barriers

Inconsistent and unclear supporting regulations, espe-
cially regarding electricity pricing, have been a consist-
ent feature of Indonesia’s SHP sector. Since 2002, when
the government via the MEMR allowed small-scale dis-
tributed generators to start selling electricity to PLN,
the pricing regulations for SHP have changed as many
as eight times. National energy policies were issued
in 2006 (targeting a minimum of 5% RE shares of the
national energy mix by 2025) and 2014 (23% RE shares
by 2025).!® Business-to-business (B2B) and feed-in tariff
(FIT) arrangements have also displayed great inconsist-
ency over time.

In relation to Table 3, the SHP project’s power purchase
agreement (PPA) models are not uniform. The major-
ity apply a take-and-pay scheme that sets out that PLN
has the right not to pay for the electricity to the devel-
opers for around 300 h per year (about 3.5% of the total
hours in a year). This results in uncertainties in the rev-
enue streams of developers, especially in the case that
a grid outage happens during the rainy season when a

15 The national RE target was at first regulated by the Government Regula-
tion (GR) No. 5/2016 in which the government committed to meeting 5%
by 2025. This was later amended by GR No. 79/2014 to target a 23% RE
share by 2025.
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Table 2 Installed capacity of non-RE (upper) and RE (lower) power plants in Indonesia (MW) (2017-2021)

Year Coal-fired PP Mine-mouth CFPP Oil/gas fuel  Gas PP Gas-steam/ Gas machine Diesel Hydropower
steam PP combined cycle

2017 26,7331 1975.0 2060.0 4976.2 10,4185 22649 43964 5343.6

2018 27,486.2 2041.0 2060.0 53484 11,220.1 2357.7 46309 5399.6

2019 30,406.2 22710 2060.0 53484 11,669.5 2842.0 4779.7 55585

2020 32,3369 22710 2060.0 53484 12,2357 31779 4863.5 5638.7

2021 32,7054 22710 2060.0 53484 124115 32073 4986.6 5988.7

Year Mini hydro Micro hydro Wind Biogas Biomass Geothermal Solar PV Waste-to-

energy

2017 240.6 103.8 15 100.6 17405 1808.3 509 15.7

2018 267.8 104.8 1435 108.6 1758.5 1948.3 60.2 15.7

2019 3111 106.4 154.3 1124 17585 2130.7 145.8 157

2020 3758 106.4 154.3 117.8 1762.0 2130.7 1473 15.7

2021 486.7 1264 154.3 134.8 2116.2 2286.1 201.1 285

PP means power plant. These numbers include both on-grid and off-grid power plants. Biogas and biomass are typically under self-use for industries and excess-

power contracts. Source: [37]
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First generation of SHP in
Indonesia, SHP plants for
tea factories designed using
European Francis and
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Japanese occupation during
World War Il tea factories
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GTZ Mini Hydropower Technology
Dissemination Program
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The era of SHP
commercialization starts
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Development project

Technology transfer through the
capacity building of local partners
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Fig. 3 Historical timeline of small hydropower development in Indonesia

run-of-river SHP project reaches optimum production.
As an example, in 2020 PLN sent a negative signal to
developers by curtailing SHP electricity production in
North Sumatra.'®

There have been persistent differences in perceptions
on appropriate tariff settings for RE electricity pricing
between the government, PLN, and investors. Quite nat-
urally, project investors have wanted a high FIT to attain
a more attractive investment return. However, a high
tariff has been argued against by PLN on the grounds
that it will lead to losses for the utility. The key underly-
ing constraint faced by PLN is an inability to directly or

16 See https://www.thejakartapost.com/news/2020/07/01/it-sends-a-negat
ive-message-hydropower-players-lament-pln-power-cap-in-sumatra.html.

easily pass through any increment to costs incurred when
paying feed-in tariffs due to Indonesia’s rigid system of
retail electricity tariff setting.

In 2016, a potential breakthrough arose when the
MEMR proposed an energy security fund. Under this
approach, the government would collect funds via a sur-
charge on retail fossil fuel prices, in particular for diesel
and gasoline, and use the funds for clean-energy FITs.
However, the plan faced public controversy and opposi-
tion, forcing its cancellation. In late 2016, the MEMR
instead proposed a budget allocation to subsidize the
FIT gap. However the House of Representatives rejected
the proposal, being of the view that subsidies originating
from the State Budget should be for subsidizing electric-
ity for poor families rather than subsidizing the costs of
technology and electricity generation [40].


https://www.thejakartapost.com/news/2020/07/01/it-sends-a-negative-message-hydropower-players-lament-pln-power-cap-in-sumatra.html
https://www.thejakartapost.com/news/2020/07/01/it-sends-a-negative-message-hydropower-players-lament-pln-power-cap-in-sumatra.html
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Fig. 4 Average generation cost of PLN's main areas/sub-systems across Indonesia, 2018 (referring to the MEMR Decree No. 55/K/MEM/2019). The
figure shows three groups: low cost (< US 7 cents/kWh; green); medium cost (>7 but < 12 US cents/kWh; gold); and high cost (> US 12 cents/kWh;
red). The medium (gold) and low-cost areas (green) include some smaller local sub-systems with a high average generation cost. The average
generation cost was US 7.86 cents/kWh. The non-subsidized PLN retail tariff was US 9.96 cents/kWh

In 2017, a new Energy Minister enacted a new tariff
mechanism under MEMR Regulation No. 50/2017. The
mechanism capped RE tariffs (including for MHP pro-
jects) at the local average electricity generation cost in
many areas, with the determination of the exact tariff
based on negotiation between PLN and investors. The
regulation also obligated PLN to publish their electricity
generation cost for each sub-system each year.

MEMR Regulation No. 50/2017 meant that some
regions became unfavorable for MHP projects due to the
low tariff that was available. Systems in Eastern Indone-
sia and other isolated areas remained theoretically fea-
sible, but in fact not all were technically feasible due to
low demand and limited supporting infrastructure for
electricity transmission and distribution. Although some
PPAs were successfully signed, many projects failed to
obtain financial support [41-43]. The Minister main-
tained that the policy was an effort to create market fair-
ness and that no policy could favor everyone.

Figure 4 shows average electricity generation costs in
2018. Generation costs were lowest in Java, where elec-
tricity mainly comes from large coal-fired plants. East-
ern Indonesia and other isolated sub-systems are mainly
dominated by high-cost power generation including
diesel.

In late 2022, close to the kick-off of the G20 Bali Sum-
mit, Presidential Regulation (PR) No. 112/2022 on the
Acceleration of Renewable Energy Development for
Power Supply was issued, superseding MEMR Regula-
tion No. 50/2017. The issuance of this regulation was
concurrent with Indonesia signaling its prioritization of

renewable energy and coming to a thermal coal phase-
down over the coming decades.'” PR No. 112/2022 com-
bines aspects of several previous regulations and sets
out the SHP tariff under a negotiation-based ceiling tar-
iff mechanism that involves multiplication by a location
factor (F) that ranges from 1.0 (Java) to 1.50 (Papua), as
shown in Table 4. For some regions, the new regulation
implies a more attractive ceiling tariff. Nevertheless, a
negotiation process still remains, posing some uncertain-
ties. It thus remains unclear whether the new regulation
will be able to spur additional RE investment. Despite
some evolutions in detail, the overall tariff regime

Table 4 Electricity purchase price from hydropower plants that
utilize power from water streams/waterfalls, PR No. 112/2022

No. Capacity Highest benchmark price (US
cents/kWh)
Years 1-10 Years 11-30

1 up to 1 MW 11.23%F 7.02

2 >1MW up to 3 MW 10.92xF 6.82

3 >3 MW up to 5 MW 9.65xF 6.03

4 >5 MW up to 20 MW 9.09xF 5.68

5 >20 MW up to 50 MW 8.86 X F 5.54

6 >50 MW up to 100 MW 781xF 4.88

7 >100 MW 6.74xF 4.21

F is the location factor and ranges from 1.0 (Java) to 1.5 (Papua)

17 See https://www.reuters.com/article/indonesia-climate-coal-policy-
idINL5SN2W10JG.


https://www.reuters.com/article/indonesia-climate-coal-policy-idINL5N2W10JG
https://www.reuters.com/article/indonesia-climate-coal-policy-idINL5N2W10JG
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remains relatively similar to the FIT regulations that had
been in place during 2012-2015.

The MEMR has also enforced a domestic market obli-
gation (DMO) policy for coal in Indonesia. This has
required 25% of domestic coal production to be reserved
for electricity generation at a price capped at about USD
70/ton or below, depending on the coal type (e.g. calorific
value, moisture content, ash content, and other measure-
ment values). Among the aims is to secure domestic coal
needs and reduce price volatility. The effect is to encour-
age the use of coal for electricity generation, slowing the
adoption of cleaner generation sources.

The government has also facilitated the ramping up of
coal production by increasing the annual coal production
quota over time. As of 2020, this quota was 550 million
tons. It was initially planned to increase rather slowly and
be capped at 628 million tons in 2024 [44]. However, in
2021 the government increased the coal quota produc-
tion to 625 million tons with the aim of boosting eco-
nomic recovery during the COVID-19 pandemic [45].
More recently, the Government has expressed intent to
ease the coal price cap policy for PLN by substituting
it with a levy for coal exports that will be collected and
channeled to subsidize PLN’s coal price. As of early 2023
this is yet to happen, however.

Economic-financial barriers
An MHP project requires intensive capital expenditure—
roughly around USD 2-2.5 million per MW, mostly for
civil works and machinery (the turbine and generator).
Funds must also be available to cover possible cost over-
runs. This can be a challenge to finance given that many
MHP concessions are owned by small- or medium-sized
local enterprises with insufficient capacity, experience,
and capital to access financing support from banks.'®

From the banks’ perspectives, project risks mean that
MHP development has often been deemed to be unat-
tractive. Most local commercial banks typically work on
the basis of mortgage asset-based lending, which requires
the investor to pledge asset collateral. Non-recourse
project finance is rarely available. Local banks also com-
monly request a sponsor’s credit guarantee. The IDR-
based lending interest rate is also quite high—typically
10-13.5% per annum."’

The establishment of PT Sarana Multi Infrastruk-
tur (SMI), a state-owned enterprise (SOE) under the
MoF, and PT Indonesia Infrastructure Finance (IIF),

18 Discussion with our panel experts including project developers, banks,
and NGOs, as well as several public focus group discussions run by the
Ministry of Energy and Mineral Resources.

19 Discussion with our panel experts including several banks and project
developers.
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a joint-venture company between PT SMI and several
international banks (including ADB, IFC, KfW-DEG, and
SMBC), in 2009 sought to catalyze infrastructure financ-
ing in Indonesia, including in supporting renewables
financing in more flexible and innovative ways.”® Addi-
tionally, the Indonesian Financial Services Authority has
also encouraged local banks, financial institutions, and
emitters to diversify their financing portfolios and invest
in financial instruments or projects that are in line with
the implementation of sustainable finance principles and
environmental social governance (ESG).*!

Several SOEs and private entities have also started
to become involved in the MHP sector for business
diversification purposes and as a green project initia-
tive. Among them are companies originally engaged in
construction such as Brantas Abipraya (SOE) and Kalla
Group (private); private conglomerate business groups
like Tamaris Hydro and Kencana Energy (KEEN);**> and
well-known business groups in the oil, gas, coal, and
large-scale power sectors such as Medco Energi [46] and
Toba Bara [47]. The presence of these well-pocketed and
professional parties has gradually increased local banks’
appetites to finance the MHP sector.

Technical barriers

Although SHP is a mature and robust technology, tech-
nical barriers are commonly faced during project devel-
opment, often resulting in cost overruns. The risk profile
reduces but does not disappear as the project reaches the
operational stage. Technical barriers typically include:

a. Limited technical experience and capability of pro-
ject developers and project sponsors.

b. Natural-related threats such as floods, earthquakes,
and landslides are highly relevant considering that
SHP projects are site-specific. An interviewed project
developer said that they had given up on one of three
cascade SHP projects in southern West Java follow-
ing a severe earthquake and landslide.

c. Insufficient and incomprehensive technical feasibil-
ity studies including geology and land investigation
that result in unmitigated construction risks and cost
requirements.

20 PT SMI (www.ptsmi.co.id) and its subsidiary, PT IIF (www.iif.co.id), are
non-bank financial institutions dedicated to support the financing, invest-
ment, and preparing national infrastructure projects.

2l The Indonesian Financial Services Authority (Otoritas Jasa Keuangan —
“OJK”) Regulation No. 51/0217.

22 Kencana Energy (KEEN) is one of two IPP companies (along with Ter-
regera/TGRA) that have listed in Indonesian Stock Exchange Market, the
information can be accessed via https://kencanaenergy.com.


http://www.ptsmi.co.id
http://www.iif.co.id
https://kencanaenergy.com
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d. Constraints on supporting infrastructure, such as
road access, transmission grid links, and precipi-
tation and discharge gauging stations, which may
impact project design.

e. Limited electricity demand in areas surrounding SHP
projects.

In 2017, a policy was introduced by the Ministry of
Public Works (MoPW) to encourage private investors
to convert existing government-owned irrigation reser-
voir projects to SHP projects.?® This aimed at overcom-
ing technical and other barriers, although any negative
effects on food production would be an important con-
sideration [48-50]. To date, one project has been in
operation, the Lodagung 2Xx650 kW. There were 3
pilot projects to be constructed in 2021: the Batanghari
5.1 MW (West Sumatera), Titab 1.27 MW (Bali), and
Pandan Duri 580 kW (Lombok, West Nusa Tenggara)
[51].

There are several broad reform options for boosting the
development of SHP and renewable energy more gener-
ally in Indonesia, as will now be explored.

Capacity building

Capacity building and knowledge dissemination play an
important role in the adoption and sustainability of SHP
projects [52, 53]. Currently, such activities are mostly
scattered and lack organizational sustainability. Institu-
tionalizing a capacity-building function for local projects
is a key priority, including the establishment of vocational
education, technical certification, and centers of excel-
lence. Successful experiences with various international
organizations as discussed in this paper could be built
upon. NGOs can play an essential role in this endeavor.

Policy and financial de-risking

The government has various options to reduce costs and
uncertainties surrounding applicable policies and risks
for project developers (and banks) (“de-risking”) [54].
Robust and long-term policies for RE, including pricing
policy, are important.>* Clear and transparent procure-
ment methods, streamlining of regulation and permit
procedures, and more generous rules for access to grid
connections and electricity dispatch could also make a
major difference. The establishment of public—private

% MoPW Regulation No. No. 9/PRT/M/2017 on Procedures for the Coop-
eration of Business Entities in the Leasing of Dams for the Acceleration of
Power Projects.

2 Pricing could be via negotiations, a fixed feed-in tariff, or reverse auc-
tions. However reverse auctions may introduce additional implementation
and participation costs than a simpler feed-in tariff for what are small pro-
jects.
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partnerships (PPPs) for RE could also be considered in
some cases [55]. Indonesia could also consider a renewa-
ble portfolio standard (RPS) approach, which has spurred
the uptake of distributed energy in some other countries
[56]. Examples of financial de-risking include the provi-
sion of technical assistance for project due-diligence pro-
cesses; risk-sharing instruments; concessional financing
facilities; risk-based interest subsidy; and other insurance
mechanisms. Improved ability for PLN to charge cost-
reflective tariffs is also an important reform agenda.

Additionally, to deliver a better risk-sharing allocation
between developers and PLN, a fairer PPA concept under
a take-or-pay approach could be adopted. The PPA could
be based on annual firm capacity or annual electricity
output and reviewed and agreed between PLN and devel-
opers annually. During any grid outage or other event
during which PLN cannot take available output (with
details to be set out in the PPA), PLN would be subject
to a “deemed dispatch” Other than in the case of force
majeure, PLN would still be required to make a payment.
In the other direction, PLN could also receive compensa-
tion from the developer if they fail to meet a minimum
of 90% of their production declaration, for example. The
higher the threshold, the more challenging for the devel-
oper—thus encouraging developers to make more pre-
cise production declarations.

The roles of stakeholders

There are many stakeholders involved in renewable
energy development in Indonesia, playing either direct
or indirect roles. Table 5 presents recommendations for
selected key stakeholders in the Indonesian energy sec-
tor, with a focus on SHP development.

An independent electricity regulator and a renewable
energy agency

The absence of an independent energy regulator or
Energy Commission to oversee the planning and opera-
tion of Indonesia’s electricity sector is often seen as
a major issue [57, 58]. Indonesia’s electricity sector is
PLN-centrist, with the utility taking control of electric-
ity planning, procurement, supply, and distribution.
Transparency, accountability, and good corporate gov-
ernance have come into question. The existence of an
independent regulator could help to balance the needs of
consumers, producers, off-takers, and other stakehold-
ers. A renewable energy agency for planning, procure-
ment, capacity building, research and data management,
as well as securing international financing cooperation,
could also be considered [59]. Malaysia has a Sustainable
Energy Development Agency (SEDA) [39, 53, 60].
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Pricing environmental externalities

A missing factor in RE policy setting in Indonesia has
been that the environmental costs of fossil fuel power
plants have historically been socialized rather than
directly priced. Fossil fuels are a source of negative exter-
nalities in the form of global and local pollutants, causing
health and other economic costs. Other countries have
introduced carbon prices or charges on fossil fuel use.
India, for example, has a levy on coal [61]. Japan and Sin-
gapore apply carbon taxes, and South Korea and China
have emission trading schemes. Prices on emissions
would ameliorate the negative effects of underpriced
resource use and improve fiscal capacities. The main
implementation challenges are political and institutional
(62, 63].

Among recent developments, Indonesia introduced a
carbon pricing policy under Law No. 7/2021 on Tax Reg-
ulatory Harmonization [64]. Delays in implementation
were seen, however, although coal-fired power plants
(CEPPs) were involved in a voluntary carbon trading
pilot in 2021. It was not until February 2023 that Indo-
nesia launched the first phase of a mandatory emissions
trading system (ETS) for the power generation sector.
This initially covers only CFPPs of at least 100 MW.*
It remains too early to assess the effectiveness of this
scheme.

Conclusions
Indonesia is rich in RE resources, yet energy access issues
remain and there is a need to boost the use of clean
energy. SHP is a source of clean and reliable RE with a
high energy yield and a low environmental impact. It is
particularly useful for generating dispatchable electricity
in remote locations. The historical record of the use of
SHP in Indonesia during the East Indies era, followed by
the evolution of its use as a rural electrification solution
and commercial scheme under the IPP framework, has
highlighted how SHP can be an appropriate and reliable
alternative energy supply in the context of Indonesia.
Although SHP will remain small from a macro perspec-
tive and will not exhibit the type of rapid cost reductions
being witnessed for solar panels and wind turbines, it
could play a more significant role than it currently does,
both in Indonesia and elsewhere [65]. Key initiatives
to facilitate this development could include local-level
capacity building and project participation, the use of
risk reduction mechanisms, and the pricing of negative
externalities from fossil fuel projects. The sustainability
of projects is highly important. For that, a good business

% See  https://www.reuters.com/business/energy/indonesia-launches-car-
bon-trading-mechanism-coal-power-plants-2023-02-22.
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model and strong local community participation in own-
ership and maintenance are needed.

Future research could further explore the sustainabil-
ity of recent SHP projects and other distributed energy
projects in Indonesia, including solar photovoltaic (PV)
projects. Cost—benefit analysis for grid interconnection
and studies on the potential to apply hydropower tech-
nologies with other renewable energies such as solar
photovoltaics, including via small- and medium-scale off-
river pumped hydro storage projects [66, 67], could also
be pursued. The usefulness of SHP projects in promot-
ing ongoing electrification in remote regions could also
be explored as part of understanding pathways toward
universal clean energy, including for example for cook-
ing [68]. If clean energy projects such as SHP projects
are able to perform well in terms of both adoption and
sustainability, the transition away from diesel and other
fossil fuels in rural and remote locations will be able to
occur much more smoothly [69, 70].

Abbreviations

5P Pro-poor public—private partnership

ACE ASEAN Centre for Energy

B2B Business-to-business

BOO Build-own-operate

BOOT Build-own-operate-transfer

CFPP Coal-fired power plant

CINTEK Cihanjuang Inti Teknik

CSR Corporate social responsibility

DAK Dana Alokasi Khusus/Special purpose grant

DME Desa Mandiri Energi/Energy self-sustained village
EnDev Energising Development

FIT Feed-in tariff

GEF Global environmental facility

GHG Greenhouse gas

GlZ Deutsche Gesellschaft fiir Internationale Zusammenarbeit
GTZ Deutsche Gesellschaft fur Technische Zusammenarbeit

GTZ-MHPP GTZ Micro-Hydro Program

HYCOM Hydropower Competence Centre

IBEKA People Centered Business and Economic Institute

IIF Indonesia Infrastructure Finance

IMIDAP Integrated Micro Hydropower Development and Application
Program

IPP Independent power producer

T8 Bandung Institute of Technology

JICA Japan International Cooperation Agency

KIW-DEG ~ German Investment and Development Corporation

KOICA Korea International Cooperation Agency

MEMR Ministry of Energy and Mineral Resources

MHP Mini hydropower

MHP-TSU  Micro Hydro Power Technical Support Unit

MoF Ministry of Finance

MOHA Ministry of Home Affairs

NGO Non-governmental organization

O&M Operations and maintenance

PLN Perusahaan Listrik Negara/State Electricity Enterprise

PNPM Program Nasional Pemberdayaan Masyarakat/National Community
Empowerment Programme

PPN Pusat Perkebunan Negara/National Estate Center

PTPN PT Perkebunan Nusantara/State Plantation Enterprise

RE Renewable energy

ROT Rent-operate-transfer

RPS Renewable portfolio standard
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SEDA Sustainable Energy Development Agency

SGP Small Grant Programme

SHP Small hydropower

SMI Sarana Multi Infrastruktur/State-owned infrastructure financing
company

TEDC Technical Education Development Centre Bandung

UNDP United Nations Development Program

UNESCAP  United Nations for Economic and Social Commission for Asia
Pacific

WSHDR  World Small Hydropower Development Report
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