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Introduction

Indonesia possesses geothermal reserves of approximately 23.7 gigawatts (GW), which accounts
for nearly 40% of the world's total potential. With this figure, Indonesia ranks second only to the United
States as the country with the largest geothermal potential(Laksono et al., 2023). This potential figure
is further supported by official government data (Indonesia., 2022) and other studies highlighting the
critical role of geothermal energy for national energy resilience (Sahdarani et al., 2020). Despite this, the
utilization of geothermal energy, particularly in its direct use, remains suboptimal in many regions,
including Garut Regency. However, the direct utilization of geothermal energy plays a vital role in
supporting the clean energy transition and can be leveraged as a source of local-potential-based
learning, especially in Science Education in schools.

Garut Regency has numerous geothermal manifestations spread across various areas. Some of
these include Cipanas, Darajat, Papandayan, Talaga Bodas, as well as other areas like Pasir Jengkol,
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Pakenjeng, Cisewu, Bungbulang, and Talegong (Ar-rafi & Wibowo, 2025). Areas such as Cipanas and
Darajat have indeed been developed into hot spring tourist areas. Nevertheless, other locations are yet
to be optimally utilized. The main obstacles are the limitation of technical data, particularly fluid
temperature, and the lack of support in terms of policy and infrastructure.

Interviews with the Department of Industry and Trade (Disperindag) of Garut Regency indicate
that the geothermal fluid temperature in most locations is only around. This temperature is not high
enough for power generation but has significant potential for direct use, such as for drying agricultural
products. Hendrasto et al. (2025)have proven that geothermal-based drying equipment with similar
temperatures has been successfully and effectively used in other regions, making its development
highly feasible in Garut. Nonetheless, geothermal utilization in West Java tends to be limited to high
enthalpy for electricity, even though the potential for low-enthalpy direct use is substantial and
requires an integrated empowerment model (Mulyana et al., 2017).

On the other hand, Kalpikajati & Hermawan (2022) highlight that overlapping regulations, lack
of regional incentives, and weak planning are obstacles to the development of geothermal energy at
the local level. This has led to the slow utilization of geothermal energy potential, both for community
needs and as a learning medium.

The majority of previous research has primarily focused on technical aspects or large-scale
energy development. Meanwhile, the direct utilization of geothermal energy as a local-potential-based
learning resource in Science Education is rarely studied. Yet, such an approach is highly beneficial in
fostering students' awareness of renewable energy in their surrounding environment.

Based on this background, this research aims to examine the potential and distribution of
geothermal energy in Garut Regency that can be utilized directly, and to explore how this potential can
be raised as learning material in Science Education. It is hoped that the results of this research can
encourage the wider utilization of local resources and contribute to contextual education and
sustainable development.

Method

This study employed a descriptive qualitative approach aimed at examining the potential and
formulating the development direction of direct use geothermal energy in Garut Regency. Data were
collected from two main sources, namely primary and secondary data. Primary data were obtained
through in-depth interviews with the Head of the Geothermal Utilization Section at the Department of
Industry and Trade (Disperindag) of Garut Regency. The interviews served as an indirect observation
to gather information regarding actual field conditions, such as geothermal fluid temperature at
various points, the current level of utilization, as well as the challenges and opportunities in developing
direct use geothermal energy.

In addition, secondary data were collected through a literature review of relevant scientific
journals and technical documents, such as those written by Ar-rafi & Wibowo (2025), Assegaf et al.
(2020), and Kania et al. (2020). Other analyzed documents included geothermal working area (WKP)
maps and geological data from official institutions.

All data were analyzed inductively and qualitatively by identifying patterns and relationships
among geothermal resource potential, existing utilization forms, and challenges from regulatory and
infrastructure perspectives. To ensure data validity, source triangulation was conducted between
interview results, official documents, and scientific literature. Through this process, the analysis results
are expected to achieve a high level of accuracy and relevance in formulating strategies for the
development of direct use geothermal energy that align with the local context of Garut Regency and
the principles of sustainability.

Result and Discussion

The distribution of geothermal potential in Garut Regency covers several key locations: Cipanas,
Talaga Bodas, Papandayan, Darajat, Pasir Jengkol (Sukawening), Pakenjeng, two points in Cisewu, and
the Talegong/Bungbulang area. Most of these locations are situated around active volcanoes,
generating natural hot springs that have been utilized by the community for hot spring tourism, such
as in Cipanas, Darajat, Papandayan, Talaga Bodas, Pasir Jengkol, and Pakenjeng. Meanwhile, the
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locations in Cisewu and Talegong/Bungbulang have not been substantially utilized to date, although
the development of tourist facilities in these areas has the potential for further advancement.

These surface manifestations are natural phenomena characterized by the presence of hot
springs, warm ground, the emergence of hot gases (fumaroles), hot mud, and similar features. The
existence of these geothermal manifestations is closely related to fractures in the rock layers that allow
the geothermal fluid to flow to the surface (Ar-rafi & Wibowo, 2025). This is supported by Assegaf et
al. (2020), who found that the geothermal potential around Mount Papandayan is influenced by a
northeast-southwest geological structure that serves as the pathway for fluid from the underground
reservoir. Nugroho & Fadhilah (2021) also showed the presence of a thermal anomaly at Mount
Papandayan through remote sensing imagery, indicating a strong correlation between volcanic
activity, fracturing, and geothermal manifestations. More detailed geophysical studies in the Karaha-
Talaga Bodas area, Garut, using 2D inversion of Magnetotelluric (MT) data successfully modeled the
geothermal system, indicating that the Talaga Bodas zone is modeled as a fluid upflow (rising zone),
while Karaha is the outflow (exit zone), which technically validates the existence of a large-scale heat
source in the region(Arisbaya et al., 2018). These facts demonstrate the great potential for developing
direct-use geothermal utilization in various sectors within Garut Regency.

Based on an interview with Mr. Agus Saepudin, S.T., Head of the Geothermal Utilization Section
at Garut Disperindag, the direct use of geothermal energy in Garut has so far been focused on the hot
spring tourism sector, primarily in Cipanas, Darajat, Papandayan, Talaga Bodas, Pasir Jengkol, and
Pakenjeng. Meanwhile, other locations such as Cisewu and Talegong/Bungbulang remain unutilized,
despite having hot spring manifestations that can be developed in the future, both for tourism and
other sectors.

This constraint aligns with the findings of various previous studies that reveal limitations in
investment and technology for low-enthalpy geothermal fields in Indonesia. This finding is supported
by Hakim et al. (2022), who noted that geothermal utilization in West Java, including Garut, is still
limited to a small scale due to low fluid temperatures and minimal supporting infrastructure.
Wisriansyah et al. (2020) added that the development of low-enthalpy geothermal energy, such as in
Garut, is hindered by high initial exploration costs. This condition encourages investors to choose
simple, low-risk utilization, like hot spring bathing.

In addition to investment challenges, the limitation of fluid temperature also impacts the
agricultural and small-industry sectors. Nurrahman et al. (2023) stated that the optimal drying of
Cilembu sweet potatoes occurs at temperatures above . (Gunawan et al. (2021)affirmed that West Java's
geothermal energy is of the low-to-medium enthalpy type, suitable for bathing but not for industrial
processes. Firman & Suyitno (2025) and Wardana et al. (2024) designed solar-based drying equipment
and simple ovens with temperatures of , demonstrating the need for temperatures above for optimal
drying. Without additional technology, geothermal utilization for these sectors is difficult to optimize.
A comparison with the Mount Ciremai Geothermal Working Area (WKP) in Kuningan Regency shows
different potential characteristics. In that area, the development of a Geothermal Power Plant (PLTP)
with a capacity of 110 MW is directed toward electricity needs because it is supported by high fluid
temperatures and adequate supporting infrastructure (Irfan et al., 2025). Meanwhile, the Karaha PLTP
project in Garut Regency is still experiencing delays due to technical design constraints and limitations
in Human Resources (HR) (Kania et al., 2020). This indicates that the infrastructure readiness in the
Garut area is not yet optimal to support large-scale geothermal development.

To understand the distribution of geothermal potential in Garut Regency, an identification was
conducted of the geothermal manifestation locations spread across several sub-districts. This data
includes information on fluid temperature based on interview results with the Garut Department of
Industry and Trade (Disperindag) and previous literature reviews. Furthermore, the current utilization
status of each location is also listed, indicating whether it is already utilized for hot spring tourism or
remains unutilized optimally. The complete details are presented in Table 1. Distribution of
Geothermal Potential in Garut Regency.
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Table 1. Distribution of Geothermal Potential in Garut Regency

No Location Fluid Temperature (°C) Current Utilization
1 Cipanas <40 Hot spring tourism
2 Darajat <40 Hot spring tourism
3 Papandayan <40 Hot spring tourism
4 Talaga Bodas > 40 Hot spring tourism
5 Pasir Jengkol (Sukawening) <40 Hot spring tourism
6 Pakenjeng <40 Hot spring tourism
7 Cisewu (two points) <40 Not yet utilized
8 Talegong/Bungbulang <40 Not yet utilized

Note: The temperature data is based on interviews with Garut Disperindag and the study by Assegaf et al. (2020). The fluid
temperatures for locations other than Cipanas, Darajat, Papandayan, and Talaga Bodas are estimations based on surface
manifestation observations, not direct measurement results.

Based on Table 1 (which is not provided here but referred to), it can be seen that the locations Cipanas,
Darajat, Papandayan, Talaga Bodas, Pasir Jengkol (Sukawening), and Pakenjeng have been utilized as
hot spring bathing tourist destinations. Meanwhile, the Cisewu and Talegong/Bungbulang locations
have not been substantially utilized to date, despite the existence of geothermal manifestations in those
areas.

It must be noted that the fluid temperatures in locations other than Cipanas, Darajat,
Papandayan, and Talaga Bodas are still estimates based on observations of surface manifestations, as
direct measurement data is not yet available. Therefore, further exploration and study are needed to
ascertain the true potential of these locations, especially to encourage the development of direct-use
geothermal utilization in the agriculture sector, agricultural product processing, or small-scale
industries based on geothermal energy in Garut Regency.

Besides the potential for direct use, Garut Regency also has several Geothermal Working Areas
(WKP) that have entered the exploration and development stage for power generation (PLTP). The
details of this development status are presented in Table 2, covering the location, development status,
and technical description of each WKP.

Table 2. Development Status of Geothermal Working Areas (WKP) in Garut Regency

No Location Status Description

1 Darajat Active (Geothermal Power Capacity of approximately 270 MW - high enthalpy
Plant)

2 Karaha Active (Geothermal Power Approximately 30 MW, began COD in 2018
Plant)

3 Papandayan Potential Only Numerous surface manifestations, no power plant

constructed yet
Note: The data source is processed from the Garut Regency Department of Industry and Trade (Disperindag) and studies by
Kania et al. (2020), and Assegaf et al. (2020).

As shown in Table 2 (which is not provided here but referred to), the Darajat and Karaha Geothermal
Working Areas (WKP) in Garut Regency have been actively operating as Geothermal Power Plants
(PLTP). The Darajat WKP has an installed capacity of approximately 270 MW with high-enthalpy
characteristics, while the Karaha WKP began commercial operation in 2018 with a capacity of MW. On
the other hand, the Papandayan WKP, to date, only shows potential from surface manifestations such
as fumaroles, hot springs, and warm ground, but there has been no significant PLTP development or
further exploration activities.

A study by Khasmadin & Udi Harmoko (2021) regarding the Patuha PLTP in Ciwidey indicates
that the success of geothermal utilization is heavily influenced by geological characteristics and
reservoir structure. With an installed capacity of 55 MW and a steam-dominated system, the Patuha
PLTP uses a simple yet effective direct dry steam cycle technology for dry steam sources. Furthermore,
long-term project planning and environmental conservation are key to sustainable operation.

The study by Ramadhan et al. (2021) in the Baturraden WKP shows that geothermal exploration can
trigger significant socio-cultural impacts if not accompanied by an adaptive management strategy.
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Decreased community comfort and changes in perception are the most crucial impacts, which can lead
to project rejection. Therefore, management strategies based on participatory communication,
increased local involvement, and corporate social responsibility are key to the successful
implementation of geothermal-based renewable energy.

Zakaria & Susilowati (2020) revealed that there is still a disharmony between geothermal
regulations and forest conservation protection, specifically between Law No. 21 of 2014 and Law No.
41 of 1999. This causes confusion in granting permits for geothermal energy utilization in conservation
areas, as reflected in the social and ecological conflicts that occurred in the Baturraden PLTP project.
They emphasized the need for legal harmonization and community involvement in policy-making to
minimize tenure conflicts sustainably.

These findings reinforce the conclusion of this study that geothermal energy development in
Garut Regency has so far been predominantly focused on direct use, especially the hot spring tourism
sector, while utilization for power generation is only optimal in the Darajat and Karaha areas. This
limitation is aggravated by national PLTP technical feasibility standards, which are deemed not fully
adaptive for areas like Garut (Heryanto et al., 2023). Additionally, Sekar Arum Kusuma Jati (2024)
highlighted the weakness of the new and renewable energy (EBT) legal framework in Indonesia, while
ESDM (2025) pointed out the lack of incentives and legal certainty. Subekti & Harmoko (2020) also
added that technological constraints and high initial investment limit the development of direct use for
non-tourism sectors.

Unlike Japan, which successfully developed extensive geothermal utilization in Beppu and
Kusatsu thanks to integrative regulatory support and high-temperature fluid characteristics (Lund &
Toth, 2021), geothermal development in Indonesia is still in the early stages, similar to Dieng (Subekti
& Harmoko, 2020). West Java Province, including Garut Regency, still faces limitations such as
medium-temperature fluids and sub-optimal supporting infrastructure.

The development model for the direct use of geothermal energy in Garut can refer to
international practices and local case studies. Based on a study by Endo et al. (2021), geothermal
ecotourism development in Japan can serve as a model, with the expansion of geothermal utilization
into the agriculture and aquaculture sectors using booster heating technology to overcome non-optimal
fluid temperatures. Contextually in West Java, Nadhilah et al. (2025) showed that the Kampung Direct
Use (KADIEU) initiative in Patuha successfully utilized geothermal energy directly for greenhouses,
drying, and fish cultivation. This model has proven to create sustainable economic, social, and
environmental impacts through appropriate technology innovation and community collaboration.
Patuha's success indicates that the direct use model is highly suitable for adoption in Garut, which has
low-to-medium enthalpy potential. However, this development faces technical and regulatory
challenges. Alfianita (2024) noted that fluid mixing at the Wayang Windu Field can reduce system
efficiency, thus requiring additional technological innovation to address similar issues in Garut.
Furthermore, Dita Aprilia Istiqamah et al. (2023) emphasized that the challenges in geothermal
development in Indonesia, besides economic price, are also hampered by complex permitting processes
and poor bureaucracy.

Based on the study by Endo et al. (2021), geothermal ecotourism development in Japan can serve
as a model for Garut, with the expansion of geothermal utilization into the agriculture and aquaculture
sectors using booster heating technology. Alfianita (2024) showed that fluid mixing at the Wayang
Windu Field can reduce system efficiency, thus requiring additional technological innovation to
address similar issues in Garut. For the optimization of geothermal utilization in Garut, specific
research on direct use outside the tourism sector, increased local community education, and pro-
geothermal regional policies through fiscal incentives and regulatory simplification are recommended.
Synergy among local government, industry players, academia, and the community is expected to drive
geothermal utilization in Garut beyond the tourism sector, towards sustainable economic and
environmental benefits.

The implication of these findings confirms that the geothermal characteristics in Garut Regency
are more suitable for direct use such as hot spring tourism compared to large-scale PLTP (Lukmana et
al., 2020). The realistic efforts that can be pursued are the improvement of integrated geothermal
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tourism service quality with environmental conservation, supported by close collaboration among the
local government, business actors, and the local community.

Conclusion

This research indicates that Garut Regency possesses considerable geothermal potential,
distributed across several surface manifestation locations such as Cipanas, Darajat, Papandayan, and
Talaga Bodas. The study reveals that the direct use of geothermal energy in this area is still dominated
by the hot spring tourism sector. Meanwhile, the potential for utilization in the agriculture sector, small-
scale industries, and local-potential-based science learning has not been optimally addressed.

Several identified constraints include the geothermal fluid temperature, which is generally only
around, limited technical data in prospective locations, and inadequate regulatory and infrastructure
constraints. The main contribution of this research lies in presenting the data on the actual potential
distribution and analyzing strategies for developing the direct utilization of low-enthalpy geothermal
energy at the local level.

Based on these findings, it is recommended that there be synergy among the local government,
industry players, and academics to encourage the diversification of geothermal utilization through the
provision of supporting technology, policy incentives, and community education programs.
Furthermore, further research is needed to develop appropriate low-enthalpy utilization equipment
designs tailored to local conditions, and to comprehensively assess the social and economic impacts of
their implementation.
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