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Abstract
Global geothermal energy utilisation for power generation and direct-use applications
have increased over the past 25 years, with Asia having the fastest growth in direct-
use applications, which suggests a high demand for geothermal resources in Asia.
This review seeks to fill a critical gap in the existing literature on geothermal develop-
ment in South, Southeast and East Asia. It covers geological background, government
policy, technological advancement, and socio-economic factors. This review also pro-
vides each country’s current state of geothermal energy usage and insights into the
respective government plans and initiatives to maintain and increase geothermal en-
ergy utilisation. The countries have been categorised into low- and high-temperature
resource countries and their main geothermal heat utilisations have been identified.
Countries trying to increase geothermal energy in their energy portfolios should con-
tinue to explore geothermal resources and to develop a pool of local expertise to be
rightly positioned to adopt these emerging technologies.
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Highlights

• There has been an upward trend in geothermal utilisation in Asia since 1995.
• Geological background with graphical interpretations are summarised.
• Each country’s current state of geothermal energy usage is provided.
• Continued geothermal exploration and building local expertise are needed.
• Government plans and initiatives are discussed.

Abbreviations
AGS advanced geothermal system
EGS enhanced geothermal system
FIT feed-in tariff
GRC geothermal resource category
GSHP ground source heat pump
HDR hot dry rock
ORC organic Rankine cycle
ROK Republic of Korea
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1. Introduction

Worldwide geothermal energy utilisation for direct-use and power generation has
been increasing since 1995 as Figure 1 shows. Utilisation for direct-use has been
increasing faster than that for power generation (by 87% and 30% five-year growth
for direct-use and power generation, respectively). This is partly because direct-use
utilisation has lower temperature requirements on the heat resource [e.g., 1, 2]. Global
geothermal energy utilisation is expected to increase as climate-related policies are
passed and technology progresses [3, 4].

Figure 1A and Figure 1B show that in Asia, geothermal energy utilisation has also
been increasing since 1995. Growth in direct-use installed capacities in Asia (up to
113% five-year growth) has outpaced global growth rates. Asia’s share of worldwide
direct-use installed capacity has increased steadily from 23% in 2005 to almost half the
world installed capacity in 2020 (see Figure 1C).

However, Asia’s worldwide geothermal power production share is currently decreas-
ing as Figure 1D shows.

Globally, Huttrer [4] highlighted a decrease in the predicted growth of global geo-
thermal power from 2020 to 2025 citing the following possible reasons: 1) increased
competition from cheaper energy alternatives such as wind, solar, and natural gas-pow-
ered installations, 2) continued slow rate of adoption of geothermal-specific policies,
laws, rules and regulations, and 3) bureaucratic delays that greatly increase the time,
cost, and risk to obtain permits for geothermal exploration and development. These
reasons would also apply to many South, Southeast Asian, and East Asian countries
to a relatively greater extent as many of these countries are developing. Furthermore,
Asia’s worldwide share of geothermal power is also skewed towards the four largest pro-
ducers of geothermal power production: China, Japan, Indonesia and the Philippines.
Any delay in their respective continued geothermal development will significantly af-
fect Asia’s total installed capacity. The causes for the delay in these countries require
further investigation, thus prompting this review.

About 60% of the world’s population resides in Asia, and most of the countries
in Asia are considered developing, according to United Nations classification criteria.
Asia has also been experiencing rapid annual average economic growth of 5.3% since
2000, leading to a significant increase of energy demand and carbon emissions [16,
17]. Wei et al. [18] found that cities in Asia are leading contributors to global carbon
emissions and have advocated the need for more ambitious emission reduction targets
and mitigation. Literature shows that incorporating district cooling solutions [19] and
geothermal applications such as ground source heat pumps (GSHPs) can not only
mitigate the urban heat island effect to some extent, but also curb carbon emissions
[e.g., 20, 21] and make energy usage in cities more efficient [22–24]. Large swaths
of the population from urban areas depend on biofuels and coal-fired power plants
to satisfy their energy requirements [25, 26]. Transitioning towards distributed grids
powered by decentralised renewable sources like solar photovoltaics and geothermal
has been considered an essential solution to increase electrification and reduce fossil
fuel usage in Asian countries [27].

Countries have begun pledging renewable energy targets that include geothermal
energy as part of their power generation mix while increasing the electrification rate of
their respective populations [25]. For example, Singapore, Thailand, and the Philip-
pines have considered including or increasing geothermal power generation in their
energy portfolio to achieve their respective net zero-carbon emission targets by the
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Figure 1: Summary plots for reported installed capacity figures for [A] direct-use, [B] power generation,
[C] Asia’s share of worldwide direct-use, and [D] Asia’s share of worldwide geothermal power produc-
tion. Countries categorised under Asia for direct-use by [5] are Bangladesh, China, India, Indonesia,
Iran, Israel, Japan, Jordan, Malaysia, Mongolia, Nepal, Philippines, Saudi Arabia, South Korea, Taiwan,
Tajikistan, Thailand, Turkey, Vietnam and Yemen. Data for direct-use are taken from [5–10]. Countries
categorised under Asia for power generation by [5] are: China, Indonesia, Japan, Philippines, Taiwan
and Thailand. Data for power generation are taken from [4, 11–15].

year 2050 [28–31]. However, progress on the energy transition within the Association
of Southeast Asian Nations (ASEAN) has been slow because of insufficient annual
investments into renewable energy and the lack of clarity from government policies
[32, 33]. The likelihood of missing the 1.5 °C climate target is also increasing [34]. Time
grows shorter to meet the countries’ decarbonisation and renewable energy targets.

This study seeks to fill a critical gap in the existing literature on geothermal en-
ergy resource development by focusing on Asia, with a special emphasis on South,
Southeast Asia, and East Asia. While the existing literature comprises country-spe-
cific reviews such as Yadav and Sircar [35] for India, Darma et al. [36] for Indonesia,
Yasukawa et al. [37] for Japan, Tian et al. [51] for China, and Amoatey et al. [38] for
the Middle Eastern region, there is a noticeable scarcity of comprehensive studies that
delve into unique challenges, opportunities, and advancements in geothermal energy
in South, Southeast, and East Asia.

The novelty of this paper lies in its dedicated exploration of geothermal energy utili-
sation within the dynamic and rapidly evolving energy landscapes of South, Southeast,
and East Asia. This region presents a distinct set of circumstances, including geologi-
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cal diversity, regulatory frameworks, technological advancements, and socio-economic
factors, which significantly impact the feasibility and scalability of geothermal projects.
The review includes an overview of geothermal resource utilisation in the respective
countries, with an extension on low-temperature utilisation. The latter is important to
explore as high-temperature geothermal development is already quite well established.
However, the location of these high-temperature resources is constrained by geologi-
cal and hydrogeological parameters. On the other hand, low-temperature geothermal
resources are not constrained by similar parameters and are potentially more abun-
dant and accessible to countries. However, countries urgently need to accelerate their
energy transition plans to reduce the impacts of climate change. There have been ad-
vances in technology such as advanced geothermal systems (AGSs) and enhanced
geothermal systems (EGSs) that can effectively utilise these low-temperature or less
productive geothermal regions. Lastly, this review also seeks to present the current
state of geothermal energy developments, challenges, policy interventions, techno-
logical innovations, and/or best practices that can be adopted to promote geothermal
energy utilisation.

The structure of this review is as follows. Section 2 explains the methodology used.
Current geothermal applications and geothermal resources found in published litera-
ture for South, East and Southeast Asian countries are discussed in Section 3. Each
country review is structured to include a short geological overview, known geothermal
provinces/fields, current applications, and any initiatives/challenges the country faces
to increase and/or deploy geothermal technologies. Concluding paragraphs are added
for each reviewed country, summarising the authors’ recommendations to improve the
country’s uptake for geothermal development. Section 4 discusses the results and
concludes the study.

2. Materials and methods

The methodology for literature review in this study involves gathering, analysing,
and synthesising relevant literature and data. The steps implemented allow a com-
prehensive coverage of the subject matter while maintaining objectivity in the review
process.

2.1. Literature research strategy
To compile relevant literature for this review, a comprehensive search strategy was

developed to identify relevant literature, including academic journals, conference pro-
ceedings, reports from reputed organisations (e.g., ASEAN Centre for Energy and In-
ternational Renewable Energy Agency), and government publications. Google Scholar,
Science Direct, and International Geothermal Association databases were used to
carry out the search by utilising a combination of keywords such as ‘geothermal en-
ergy ’, ‘utilisation’, ‘low-temperature’, ‘resource potential’, ‘[country name]’, ‘geology ’,
‘geothermal energy applications’, ‘geothermal energy policy ’, ‘renewable energy pol-
icy ’ and variations thereof. Boolean operators (AND, OR) were employed to refine the
search results, ensuring the inclusion of relevant studies. The literature research was
conducted in 2023.

2.2. Inclusion and exclusion criteria
Studies are included in this review if they have been published in peer-reviewed

journals, conference proceedings, or reports from reputable and government organi-
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sations. Where primary literature sources are unavailable, newspaper articles and slide
decks have also considered to provide the recent status of a particular project or policy.

2.3. Data acquisition and interpretation
Finally, data are extracted from various publications over the following topics: geo-

logical background of the respective countries, geothermal potential, existing low-tem-
perature geothermal projects, their locations, installed capacities, and respective tech-
nical aspects. Details on some policy frameworks, government initiatives, and incen-
tives that promote geothermal uptake within the respective countries are also acquired.
The findings from the literature review are synthesised to form a comprehensive under-
standing of the current state of the high and low-temperature geothermal applications in
the given country. Interpretations are then formed to draw logical conclusions, identify
problems, propose recommendations for policymakers, and suggest areas for future
development in the use of geothermal energy.

3. Current geothermal development and utilisation in Asia

In this section, the geothermal development and utilisation in selected countries
in South, Southeast and East Asia are reviewed. The countries are divided into two
groups according to their temperature classification.

3.1. Classification of geothermal systems
Several classification schemes have been considered over a few decades that cater

to a wide variety of criteria such as temperature, geothermal play type, enthalpy, exergy,
and the mobile fluid phase in reservoirs [e.g., 39–43].

The most common approach is to use the averaged temperature of a geothermal
reservoir either measured from exploration wells or estimated by geothermometers [44].
Relying on reservoir temperature as a basis for resource classification is insufficient to
identify the phase of the fluid produced at the wellhead. Depending on the pressure,
two reservoirs with the same temperature can produce either liquid or steam at the
wellhead. Steam has a significantly higher heat content than liquid, which will affect
the utilisation and management of the resource. Despite its simplicity, the range of tem-
peratures to classify geothermal systems remains undecided despite many decades of
study (see Figure 2). For example, temperatures considered by Sanyal [41] as low-
temperature resources begin at 190 °C, which is significantly higher than other classi-
fications [e.g., 45, 46].

In this study, we have selected 150 °C as the temperature threshold. A country with
resources below 150 °C is categorised as low-geothermal resource category (GRC),
while a country with resources above 150 °C is categorised as high-GRC. The choice
of 150 °C as the threshold is supported by four out of seven previous classifications, as
evidenced in Figure 2, where 150 °C is commonly used to differentiate high- and non-
high-temperature resources. The measured temperature refers to either the measured
reservoir temperature or the highest down-hole temperature, whichever is available or
the highest.

The following subsections review the reported geothermal development and utili-
sation in South, Southeast and East Asia. Figure 3 displays the countries considered
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Figure 2: Summary of some published geothermal resource classifications based on averaged reservoir
temperature. Modified from [42] and data taken from [39, 41, 45, 47–50].

in this study and their GRC. In an effort to consolidate the published works, the coun-
try’s geological setting, current status of geothermal power generation, direct-use ap-
plications, geothermal energy-related policies depending on data availability are sum-
marised under each country. The countries are grouped according to their respective
GRC. Literature review on Bangladesh, Bhutan, Brunei, Cambodia, Hong Kong, Lao
People’s Democratic Republic, Myanmar, Nepal, North Korea, Sri Lanka, Timor-Leste
for this study has revealed no deployment of and/or no rigorous plan to utilise geother-
mal heat conversion technologies. Although Singapore has not deployed any geother-
mal heat conversion technologies, a substantial research effort is ongoing to include
geothermal energy as part of Singapore’s future renewable energy portfolio [30].

3.2. High-GRC countries
3.2.1. China

The territory of China resides within the southeastern edge of the Eurasian Plate,
where it borders the Indian plate towards the southwest, the Philippine Sea and the
Pacific plates towards the East as shown in Figure 4A. China and the adjacent regions
have undergone complex tectonic processes throughout its long and ancient geological
history [51]. Currently, strong tectonic activity persists in regions close to these plate
boundaries as seen in the formation of the Himalayan mountain range and the central
mountain range in Taiwan, at the Indian-Eurasian Plate (see Section 3.3.1) and Philip-
pine Sea-Eurasian Plate boundaries (see Section 3.2.6). As such, geological settings
favourable for geothermal resources have been formed [52]. Figure 4B highlights that
geothermal resources are found in two distinct geological settings: sedimentary basins
and apophysis mountains [53]. The first type is the sedimentary basin type, charac-
terised by a stable continental block deposited by thick sedimentary layers as seen in
Tianjin within the North China Plain [54]. The second type of geothermal resource is
associated with uplifted mountains found in active structural belts formed by orogenic
processes. Examples of such geothermal resources are in the Tibet province and the
Tianshan orogenic belt.

7
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Figure 3: Asian countries covered in this review with the geothermal resource category based on the
highest measured temperature identified. Temperature details are found in references in the respective
country subsections. Countries in grey are not covered as there is no indication of deployed geothermal
heat conversion technology.

In 2016, China had over 2300 thermal springs and more than 5800 geothermal
wells [56]. Low-temperature waters (≤150 °C) are found almost everywhere [57], but
more concentrated clusters can be found in several areas: in the eastern coastal
provinces; at Tibet and western Yunnan where some waters are above 150 °C.

Geothermal gradients in China are generally higher in the north than in the south,
with average values of 30 °C/km in the north and 24.5 °C/km in the south [58]. The
average gradient at sedimentary basins is 32 °C/km with maximum values of 30 °C/km
to 40 °C/km in areas like Songliao Basin, Yunnan, most of North China Plain etc.

The high-temperature geothermal resources are found in the southwestern parts of
the country, like southern Tibet, western Sichuan, and western Yunnan. The low-tem-
perature resources are mainly identified in the eastern parts of China, like the North
China Plain, Hehuai Plain, Songliao Basin and other sedimentary basins and moun-
tainous fault zones. The high- and low-temperature geothermal resources have a total
power generation potential of 1.5 GW and 7.1 GW respectively [59].

Utilisation of the high-temperature resources is mainly for power generation, while
the low-temperature resources are for direct use. High-temperature power plant pro-
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Figure 4: [A] Regional plate boundaries around China adapted and modified from [55]. The solid red
line demarcates the territory of China. [B] Distribution of geothermal resources in China adapted and
simplified from [56].

jects have been developed since the 1970s and began in Tibet [51]. The country’s total
installed capacity reached 43 MWe in 2018 (see Table 1) and has remained at a similar
level since. The Yangbajing geothermal field in South Tibet, with an installed capacity
of 27 MWe, has been experiencing sharp declines in production well pressures, tem-
peratures and flow rates in recent years, partly due to the limited recharge to its shallow
geothermal reservoirs (less than 450 m deep) [60, 61]. In 1996, the deep exploration
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well ZK4001 was drilled, and a naturally fractured deep reservoir at depth 950 m to
1350 m was discovered with high temperatures, reaching 250 °C. Flow tests to extract
groundwater stored in the fractured granite reservoir stabilise at 84 kg/s of 200 °C two-
phase flow at the wellhead. Yuan et al. [61] proposed to exploit the deep reservoir
through fracturing and expected to generate 66 MWe. In other parts of China, several
low-temperature geothermal power plants have been built, but most have been de-
commissioned due to ageing equipment and economic reasons. Only one test power
plant—in Fengshun—is still active with a total installed capacity of 0.3 MW.

Table 1: Detailed information on installed geothermal power plants in China in 2019, adapted from [62].
Power plant Location Construction Capacity Temperature Status

(province) year(s) [MW] [°C]
Fengshun Guangdong 1984 0.3 92 operational
Yangbajing Tibet 1977 1.0 181∗ retired

1981–1991 24.2 operational
2008–2010 2.0 retired

Yangyi Tibet 2018 16.0 160∗ operational

∗denotes averaged value

China has consistently been among the top ranks in the world in direct utilisation of
geothermal energy. Low-temperature resources are widely used for various applica-
tions like space heating, bathing, medical treatment, industrial heating, aquaculture
or leisure tourism, with a total installed capacity of 14,160 MWt in 2019, excluding
GSHPs [51]. The installed capacity of GSHPs has been increasing rapidly in China, es-
pecially in Beijing, Tianjin, Hebei and Shandong. The total installed capacity of GSHPs
in China is the highest in the world at 26,450 MWt [5].

Shen and Liu [58] presented the challenges for geothermal development in China.
Some of these are the low survey accuracy for geothermal resources, the extensive
development and utilisation of a geothermal resource in an area that has caused the
water level to drop (e.g., the water level of a geothermal well in Xi’an has decreased by
more than 200 m), the immature equipment technology to withstand high temperatures,
and the low local talent reserve to support the rapid growth of geothermal development.
Despite these challenges, continuous research efforts are ongoing to study the hot dry
rock (HDR) potential in China [56, 59, 63] and geothermal development at abandoned
oil reservoirs [64]. Liu et al. [59] indicated that the HDR resources at depths of 3 km
to 10 km in mainland China are equivalent to several thousand times of China’s total
energy consumption in 2017. From 2014 to 2016, some exploratory boreholes were
drilled to depths up to 3.7 km at the Qinghai Gonghe Basin, Guide Basin and Fujian.
The bottomhole temperatures are measured to reach 151 °C to 236 °C.

China’s government recognises the significant potential of low-temperature geother-
mal resources within the country [65]. During the 13th Five-Year Plan period (2016 to
2020), there was substantial growth in low-temperature geothermal utilisation. Specific
standards were formulated for the geothermal energy industry, facilitating its growth
and operation within the legal framework for resource development and utilisation.

However, government policy support during the 14th Five-Year Plan period seems
less rigorous. With rather sufficient energy supplies in most regions, the government
is less inclined to provide incentives to promote geothermal energy utilisation. Many
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geothermal wells were closed in the Hebei and Shandong provinces in 2020 due to the
competition with inexpensive gas and coal heating sources.

Except for a few areas like Tibet and Hebei, excessive use of geothermal resources
has led to significant drops in groundwater levels. Strengthening government policy
to regulate excessive geothermal heat utilisation practices is essential. Adding to the
challenges, the reduction in reservoir pressure has led to the shutdown of many op-
erating power plants, especially those relying on high-temperature resources. This
has prompted the industry to shift focus towards deeper geothermal resources. Where
groundwater is scarce, hot dry rock resources are available, distributed on the edges of
continental plates and in areas with thinning crust. These resources include high heat
flow granite found along coastal areas in southeast China and sedimentary basins in
Guide, among other locations.

In light of these developments, it is clear that robust government policy support is
still needed to encourage further development of the geothermal industry in China.

3.2.2. Indonesia
The tectonic and geological conditions of Indonesia are largely associated with a

protracted and complex movement of continental plates that form tectonic boundaries
and major fault zones. Figure 5 displays a map of Indonesia with simplified tectonic
setting and geothermal areas. Towards the west, a series of continental blocks were
joined by suture zones that led to the formation of the Sundaland [e.g., 66, 67]. Indone-
sia is blessed with abundant volcanic activities as the volcanic islands are part of a long
chain of islands known as the Circum Pacific Ring of Fire which begins in Sumatra in
the west [36], extends towards the Banda Arc in the East [68], and extends towards the
north that traverses over other countries such as Philippines (Section 3.2.5) and Japan
(Section 3.2.3). Seismic and volcanic activities remain high as trenches are still tecton-
ically active [69], setting favourable conditions for many high-temperature geothermal
resources to form. As such, Indonesia has identified over 312 geothermal locations
distributed along seismic lines corresponding to subduction zones between the Indo-
Australian and Sunda continental plates [36]. The maximum reservoir temperatures of
the existing wells in the archipelago vary from 230 °C to 327 °C. To reach the target
reservoir temperatures, most geothermal wells drilled in Indonesia have depths in a
range of 1200 m to 2800 m [70].

Indonesia’s geothermal resource potential is about 29 GWe, the highest geothermal
potential for any country in the world [71]. The temperature gradient and the heat flow
vary across the country, with high heat flow found in the north of Sumatra island and
in the eastern part of the country [72]. In the Central Sumatra basin, the temperature
gradient is in a range of 35 °C/km to 191 °C/km [73]. The heat flow in Sumatra ranges
from 37 mW/m2 to 369 mW/m2 with Central Sumatra having the highest heat flow fol-
lowed by South and North Sumatra. The high heat flow regions are associated with
volcanic activity.

The archipelago has an installed capacity of 2289 MWe, which shows low utilisa-
tion compared to the available resource potential [4]. The installations are spread over
different islands of the archipelago like Java-Bali (1539 MWe), Sumatra (617 MWe), Su-
lawesi (120 MWe), and Flores (12.5 MWe). All of the existing power plants are utilising
high-temperature resources.

The estimated potential of low-temperature resources is limited to 8000 MWe, but
the actual potential could be much lower, as some of these resources are intended
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Figure 5: Composite map of Indonesia with simplified tectonic setting and geothermal areas. Locations of
geothermal power plants and respective installed capacities are from [36]. Locations of faults, subduction
zones, and volcanoes are adapted from [69, 74].

for direct-use applications and are not considered suitable for power generation [75].
Febrianto et al. [76] inferred that out of the 8000 MWe, geothermal resources with tem-
peratures of 100 °C to 150 °C account for 2660 MWe and those with temperatures of
150 °C to 190 °C could contribute 4175 MWe. Given Indonesia’s less developed moun-
tainous terrain, many of these resources are not easily accessible, resulting in high
mobilisation and drilling costs when compared to other more developed volcanic coun-
tries, like Iceland and New Zealand [70].

A German-Indonesian collaboration project was initiated in 2013 and successfully
installed a binary power plant in 2017 [77]. This 0.5 MWe plant in Lahendong harnesses
power from a 170 °C geothermal resource that is formed due to lateral fluid outflows
from a high-temperature system. The collaboration implemented several initiatives,
such as setting up PhD programmes, student exchange programmes, workshops and
field camps, enabling knowledge transfer and local expertise development [78]. Stud-
ies indicate that similar resources are also available in other locations, like Ulubelu in
South Sumatra [79], Rantau Dedap system [80], and Kotamobagu resource in North
Sulawesi [81]. This type of low-temperature resource is attractive for Indonesia as it
allows the expansion of existing high-temperature fields [76].

The direct-use potential has not been widely realised in the archipelago. Assess-
ments show that the provinces Banten and West Java have a direct-use potential of
6.6 MWt and 62.2 MWt respectively [82].

The archipelago’s most common direct usage type is for balneology and recreational
purposes like heating swimming pools (e.g., the swimming pool in Cipanas) [83]. A
mushroom farm from the same province uses a geothermal resource to sterilise and
warm the incubation room. This system has substituted kerosene usage at this farm,
leading to cost and emission reductions [84]. A farmer at an aquaculture facility in
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Lampung reported that mixing hot geothermal water with fresh water improved fish
growth. Other possible direct-use applications in this agricultural nation include Vetiver
oil distillation, brown and palm sugar processing, as well as drying cocoa, coffee seeds
and tea [36].

Several installed capacity targets have been set over time, for example 10 GWe by
2030 [36] or 3.3 GWe by 2030 [85]. The growth of geothermal power installations is
rather slow due to challenges like the economic viability of the projects, lack of hu-
man resources, and handling social concerns (e.g., delay in Gunung Talang due to
violent clashes [86]), among others [36]. The local geothermal research community
is focusing on enhancing exploration techniques and learning from global geothermal
drilling projects to overcome these hurdles. The government is also intervening through
policies like the Clean Technology Fund which aims to de-risk the developers and pro-
mote geothermal energy. Coal power generation is highly incentivised in Indonesia,
as evidenced by the capping of coal prices to meet local electricity cost expectations.
However, Presidential Regulation Number 112/2022, issued in 2022, has delinked re-
newable energy tariffs from coal prices, setting a better ceiling tariff to accelerate geo-
thermal development to meet the capacity targets [87]. sustainable transition.

In the authors’ view, Indonesia is at a critical juncture to enhance its geothermal
energy utilisation. Indonesia should continue fostering collaborations with leading geo-
thermal utilisation nations to strengthen exploration techniques, share best practices,
and leverage the latest advancements in drilling technologies. The country should
also focus on expanding low-temperature geothermal power generation technologies,
particularly by implementing binary technology in existing high-temperature geother-
mal fields. This approach presents a lesser risk for developers as it leverages known
geothermal resources while diversifying the energy mix. Additionally, Indonesia can
boost its local economy by adopting community-level direct utilisation of low-tempera-
ture geothermal resources. Applications such as balneology, agriculture, and industrial
processes offer sustainable and cost-effective solutions that can benefit local commu-
nities and industries. Despite the high initial costs associated with low- and high-tem-
perature geothermal energy utilisation, Indonesia can explore opportunities for green
electricity exports to neighbouring countries or consider producing green hydrogen and
ammonia for export markets. This not only contributes to regional energy security but
also positions Indonesia as a leader in sustainable energy solutions on the global stage.

3.2.3. Japan
The Japan archipelago resides within the Eurasian and North American Plates, and

these plates are located close to active subduction zones generated from the move-
ments of the Philippine Sea and Pacific Plates [Figure 6, 37]. The geological history
of Japan began with the breakup of the supercontinent Rodinia (ca. 750 million years
ago) and the formation of the Pacific Plate [88, and references therein]. The westward
motion of the Pacific Plate then collided and subducted beneath the plates around the
eastern margin of the Eurasian Plate, forming a convergent margin for the next 500
million years. The protracted convergent movement led to the formation of multiple is-
lands and volcanoes, which the Japan archipelago is part of. The protracted tectonic
activity and island and volcano formation have led to favourable conditions for geother-
mal fields. The geothermal resources are largely concentrated in a variety of plutonic,
volcanic and metamorphic rock formations, which are then categorised as Arima-type,
Green-tuff type, Coastal and Volcanic [89, 90].
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Figure 6: Distribution of installed geothermal power plants and GSHP systems in Japan (modified after
Yasukawa et al. [37], Farabi-Asl et al. [91]). Tectonic plates around Japan and locations of subduction
zones are adapted from [92].

Figure 6 indicates the distribution of installed geothermal power plants and GSHP
systems in Japan, as well as tectonic plates and subduction zones. In 2019, there were
69 geothermal power plants in operation in Japan [4, 37], many of which are found at
locations with high geothermal gradients and heat flows. Anomalous high heat flows in
Japan generally coincide with volcanic and geothermal areas [93]. The first experimen-
tal geothermal power generation occurred in Beppu in 1925, and the first commercial
geothermal power plant opened in the Hachimantai Plateau in 1966 [94]. The total in-
stalled power capacity has increased over the years and then remains at approximately
550 MWe despite the implementation of a series of incentives (since 2012) to support
the geothermal industry [37, 95].

The potential for geothermal power generation of up to 3 km deep is estimated to
be over 20 GWe [96]. The estimated potential for EGS electricity generation for Japan
is between 8954 GWe and 24,952 GWe [97]. Despite the high potential, the installed
capacity of geothermal power was about 550 MWe in 2019.

Slow growth in the geothermal power industry is partly due to low public accep-
tance, especially from owners of onsens (hot bath facilities) as indicated in previous
studies [98–100]. Development for geothermal power production is feared to dry out
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the hot water that supplies the onsens, increase pollution and ruin the relaxation expe-
rience. Since 2012, the government has allocated a budget to support public accep-
tance activities by private sectors. One effort to improve public acceptance is to learn
from overseas examples like Iceland, where the “Blue Lagoon”, the world’s largest hot
bathing facility, has been developed and operated successfully next to a geothermal
power plant.

The government has instituted at least two financial incentives for geothermal pro-
jects. One is feed-in tariff (FIT) and another one is exploration drilling support covering
up to 50% of the cost [96]. The FIT is JPY 26/kWh (approximately USD 0.23/kWh) for
≥15 MWe plants, and JPY 40/kWh (approximately USD 0.35/kWh) for <15 MWe plants.

Another initiative by the government is in the research and development area. Two
HDR or EGS projects have been developed in Ogachi and Hijiori, northern Japan,
since 1986. The reservoir temperatures were measured to reach 228 °C at Ogachi and
270 °C at Hijori. One notable feature of these EGS projects is that the injected water
recovery is up to approximately 32% and 70.4% for the Ogachi and Hijori projects,
respectively [101].

There are three main categories for direct utilisation: hot springs for bathing, geo-
heat pumps and thermal use of hot water [102]. The most used direct-use utilisation is
bathing. However, these bathing facilities are usually managed by private enterprises,
making statistical data sparse. Nevertheless, Yasukawa et al. [37] collated data from
various sources to estimate the total installed capacity as 2570 MWt, of which 78% is
used for bathing and swimming, 6% for geothermal heat pumps, and the remainder for
other usages (e.g., district heating, greenhouse heating, fish farming, and snow melt-
ing [103]). Despite the challenge of high drilling costs in Japan [91], the installed capac-
ity of GSHPs increased multiple times from 62 MWt in 2015 to 163 MWt in 2019 [37, 96].
Figure 6 indicates the distribution of installed GSHP systems in Japan, with higher in-
stallations found in the northern part of the country where heating demands are higher
due to colder climate conditions. Locations with higher GSHP installation are also as-
sociated with locations of higher groundwater flow in the country. The advection effect
of groundwater flow is beneficial for GSHP systems.

The government has announced a ‘Green Growth Strategy’ to spearhead decar-
bonisation efforts and reach carbon neutrality by 2050 [104]. Under this strategy, geo-
thermal energy is identified as one of the ‘next-generation renewable energy’ sources.
To encourage geothermal development, the government plans to improve on existing
geothermal-related technologies, conduct exploration programmes and establish deep
drilling technologies. Through subsidies and debt guarantees, financial aid will also be
provided to absorb some risks from geothermal power project developers through the
Japan Organization for Metals and Energy Security.

In Japan, despite an abundance of high-temperature geothermal resources, geo-
thermal power development has been stagnant at approximately 550 MWe. Opposition
from local communities, particularly onsen owners, poses a significant barrier, as there
are concerns that large-scale geothermal operations might undermine their businesses.
This challenge extends to the exploitation of low-temperature geothermal resources as
well.

Deployment of modular systems with higher heat-to-electricity conversion efficien-
cies for low-temperature resources has started to gain traction. On the other hand,
the depletion of some geothermal reservoirs, due to substantial pressure drops from
mass withdrawal, calls for alternative extraction methods. Closed-loop heat extraction
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systems can be deployed at these depleted reservoirs [105] to enable residual heat
utilisation.

The utilisation of low-temperature geothermal resources for heating through GSHPs
has grown rapidly. To support the expansion of geothermal energy and achieve a three-
fold increase in capacity by 2030, the Japanese government has introduced policy
reforms, including relaxing restrictions on geothermal development in national parks
and streamlining environmental assessments. Moreover, a financial policy providing
above-market tariffs for geothermal electricity has encouraged many new small scale
geothermal projects, which are largely unaffected by the stringent environmental regu-
lations applicable to larger developments. Despite the great support, large geothermal
project development remains slow in Japan.

3.2.4. Malaysia
The territory of Malaysia consists of two parts: Peninsular Malaysia towards the west

and East Malaysia towards the east. Figure 7 displays the two parts, including the lo-
cations of hot springs. The general geology of Peninsular Malaysia is characterised by
the three approximately north-south trending granite plutons overladen with Cenozoic
sedimentary rocks: Western, Central and Eastern Belts [106, 107]. From a broader
tectonics context, the Western Belt represents the Sibumasu continental block [108].
In contrast, the Central and Eastern Belts consist of metasedimentary and magmatic
rocks corresponding to the East Malaya-Indochina tectonic terrane. The Bentong-Raub
suture zone is regarded as a collisional boundary that resides in-between the West-
ern and Central Belts [108]. East Malaysia occupies Northern Borneo, a landmass
within the Eurasian Plate and is in-between the Indo-Australian and the Philippine Sea
Plates. Northern Borneo is formed by a mountain-building process known as the Bor-
neo orogeny that involves a complex interaction of microcontinental terranes, producing
a series of sedimentary basins and fold belts [67, 109].

Over 60 natural hot springs have been identified in Malaysia [113, 114]. In Peninsu-
lar Malaysia, 55 hot springs are located along two main trends: the West-East and the
North-South [111]. The hot springs associated with the West-East trend extend from
Langkawi island in the west towards the state of Terengganu in the East. The North-
South trend contains most hot springs and is associated with the NNW-SSE tectonic
trend of the Main Range Granitoid batholith and the sedimentary rocks near the gran-
ites. The surface temperature of these hot springs range from 27 °C to 104 °C. Silica
geothermometer showed that reservoir temperatures range between 93 °C and 154 °C.
In particular, the hot spring in Ulu Slim has the highest surface temperature of 104 °C,
which warrants further exploration. The estimated geothermal potential around Ulu
Slim is 148 MW [115]. The heat sources for these hot springs are suggested to be of
tectonic rather than volcanic origin [114].

In East Malaysia, Tawau remains the only high-temperature geothermal resource
identified [116]. A 1400 m deep slimhole has been drilled with a measured tempera-
ture of over 200 °C with neutral pH hydrothermal water. Surface temperatures of hot
springs here are up to 78 °C. The conceptual hydrogeological model suggests that the
hot springs are recharged by meteoric water, being heated by a magmatic heat source
at depth before circulating towards the surface [116]. This magmatic heat source is
understood to be an extension of a volcanic arc complex from the Western Philippines,
potentially sharing similar characteristics of volcanic-hosted geothermal systems in the
Philippines (see Section 3.2.5). Malaysia has oil and gas wells that have been depleted
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Figure 7: [A] Generalised tectonic setting of Peninsular Malaysia adapted from [67], with hot springs
along the peninsular. The eastward boundary of the East Malaya Terrane is poorly constrained. [B]
East Malaysia with hot springs. Locations of the Peninsular and East Malaysia in the Southeast Asia
region are indicated with red lines in the regional plate boundaries inset (modified after [110]). Hot spring
locations have been taken from [111, 112].

and need to be decommissioned. Feasibility studies, such as those conducted in the
Baram Basin oil and gas region [e.g., 117], have explored the repurposing of the de-
pleted wells for geothermal heat extraction. Recent temperature measurements from
oil and gas wells show that the sedimentary basins located offshore, such as the Malay
Basin and the Sarawak Basin, have geothermal gradients ranging from 35 °C/km to
75 °C/km that may have potential for heat extraction [118]. However, no field test has
been conducted, yet.

The power potential for the Tawau geothermal field is estimated to be 85 MWe, lead-
ing to a planned construction of a 37 MW power plant. However, the project was later
found abandoned, resulting in the government’s decision to revoke the power plant
construction approval in late August 2018 [119]. The current utilisation of geothermal
energy in Malaysia is only direct-use; mainly for hot spring bathing facilities [114]. Sim-
ulation-based studies suggest that deploying vertical GSHPs in cities in tropical and
subtropical climate regions to provide cooling is not economically feasible and not able
to keep up with the high cooling demand [e.g., Kuantan, Malaysia in 21, 120].

Policies considering renewable energy were passed in 2011 that include the set-
ting up of a FIT scheme and the formation of the Sustainability Energy Development
Authority of Malaysia office [121]. Currently, the FIT mechanism is being utilised for se-
lected renewable sources, including biomass, hydro, solar and geothermal energy. The

17



now-defunct Tawau geothermal power plant was one of the projects that benefited from
the FIT. Current FIT rates for geothermal are higher than other supported renewable
energy sources, showing government’s continued support for geothermal energy de-
velopment. Under the National Energy Policy 2022–2040, the Malaysian government
has plans to increase electrification rate, fuel diversification and renewable penetration
to the current energy generation portfolio, of which geothermal and wind have been
selected for study and potential development [122].

Malaysia’s geothermal potential, highlighted by its hot springs and the Tawau field,
remains integral to its energy strategy despite the Tawau plant’s cessation. Details on
achieving geothermal objectives are unclear, but prior studies in Ulu Slim and the Baram
Basin show promise, particularly Ulu Slim’s hot springs—the hottest surface tempera-
ture in the peninsula. Currently underutilised for bathing, these springs could support
district cooling and aquaculture or even electricity generation. Since the country has an
oil and gas industry, decommissioned wells could be repurposed for geothermal heat
extraction. Pilot tests should also be considered to verify heat potential and to under-
stand field specific geothermal reservoir response and challenges to heat extraction.

3.2.5. Philippines
The Philippines is an archipelago complex that consists of more than 7600 islands

that reside in-between the Manila-Negros-Sulu-Cotabato Trenches in the west and the
East Luzon Trough and Philippine Trench in the east. Figure 8 shows a simplified
tectonic setting of the Philippines with installed geothermal generation capacity. The
territory of the Philippines resides in seismically active zones attributed to the conver-
gence of the Eurasian and Philippine Sea plates, forming subduction zones [123, 124].
This convergence occurred ca. 56 million years ago, leading to the generation of the
Philippine Fault Zone, which now traverses the archipelago complex longitudinally.
Continued crustal-scale movement at the subduction zones since the Tertiary would
be capable of intense faulting and folding leading to several bathymetric highs and in-
tense volcanic-plutonic activity within the island clusters. Many of the geothermal areas
and related young volcanoes are located in regions near the Philippine Fault Zone, its
branch faults and along the fringes of the batholiths.

The Philippines is the country with the third highest installed geothermal capac-
ity worldwide (1918 MWe in 2020), behind the USA and Indonesia [4]. The highest
measured well temperature in the Philippines is 339 °C (with a temperature gradient
of 141 °C/km) recorded in the Tongonan geothermal field [127]. According to Fronda
et al. [29], it is envisioned to increase the Philippines’ installed geothermal power ca-
pacity by 75% in 2030, as compared to 1848 MW in 2013. The largest power plants
are Tongonan, with an installed capacity of approximately 720 MW in the centre of the
Philippines, and Makiling-Bahanaw in the north, with an installed capacity of 460 MW.
Most of the geothermal potential is used for electricity generation from high-tempera-
ture geothermal systems, with most of the resources being fully developed [128]. The
reservoir temperatures of the high-temperature resources in Philippines are in a range
of 170 °C to 325 °C [129].

Aside from high-temperature geothermal systems, of which most have been devel-
oped, low-power geothermal power resources are considered, too. Halcon et al. [130]
analysed projects funded by the Department of Energy on low-temperature geothermal
power resources with temperatures between 90 °C and 150 °C. The authors concluded
that geology, geochemistry and geophysics surveys should be carried out at the be-
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Figure 8: Simplified tectonic setting of the Philippines with geothermal power plant installed capacity,
adapted from [124–126].

ginning of such projects. Two of these projects were found to offer good prospects
for exploiting geothermal energy, and further studies are necessary. Dela Cruz III and
Manuel PhD [131] compared Ormat and Kalina Cycle for a geothermal installation in
Mabini, Batangas. Using the Kalina Cycle, they concluded that the power output could
be more than 10 MW.

Two organic Rankine cycle (ORC) binary plants of ≈28 MW are under construction
at Bacon-Manito [132] and Mahanagdong geothermal plants [133] which are existing
high-temperature geothermal power plants similar to the binary plant application in La-
hendong of Indonesia. The planned binary plants utilise the brine discharge from the
high-temperature plants.
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The Philippines, like Indonesia, also faces challenges due to its complex terrain
and the remote location of its geothermal resources. This poses a significant chal-
lenge in mobilising drilling equipment to the sites, leading to high specific drilling costs
in the country [70]. The Philippine government has implemented several policies to
promote geothermal energy utilisation. One of its recent policy implementations was to
allow 100% ownership of the large-scale geothermal projects by foreign investors [134].
Recently, the Philippine Board of Investment has awarded green lane certificates for
multiple geothermal energy projects whose combined capacity is around 272 MW. The
green lane certificates are aimed to streamline and expedite the permitting process for
geothermal projects, which significantly reduces the lead project development time.

The Philippines stands as a promising player for geothermal energy, characterised
by its abundant high-temperature resources and a commitment to bolstering their util-
isation through strategic policies and expanded deployments. Notably, the nation is
exploring the potential of harnessing low-temperature geothermal sources for power
generation, akin to successful models seen in countries like Indonesia. Concentrated
efforts in international collaborations to implement advanced drilling techniques like di-
rectional drilling can play a key role in accessing remote and challenging geothermal
reservoirs.

3.2.6. Taiwan (China)
Taiwan is located at the junction of the Eurasian Plate and the Philippine Sea Plate.

Figure 9 shows a simplified tectonic setting of Taiwan, including hot springs locations.
The Philippine Sea Plate collided against the Eurasian Plate, forming the Central Moun-
tain Range and subduction zones such as the Ryukyu and Manila Trenches. Cenozoic
deposits surrounding the Central Mountain Range are thick (>10,000 m) and have been
subjected to varying grades of induration or metamorphism [135]. The general geology
of Taiwan is diverse. The rocks in the west consist of exhumed Eurasian Paleozoic to
Mesozoic metamorphic basement [136, 137], Neogene to Paleogene slate belts at the
centre, and sediments from continental shelf deposits due to an active fold-and-thrust
belt found in the east [138]. Taiwan has over 100 hot springs and multiple geothermal
fields. The fluids are found to circulate through slate/schist rock formations and are
heated by the thermal blanketing effect of the thick sedimentary basin [137]. As such,
the geothermal play type in Taiwan is categorised as a conduction-dominated system
with an active orogenic/belt foreland basin terrane [42].

The hot springs are being utilised for bathing and spa-related tourism activities.
However, data concerning direct-use applications is not available [10]. Previous explo-
ration efforts have identified several regions, including Tatun, Yilian, Hualien-Taitung
and Lushan, for future geothermal power development [139–141]. The estimated coun-
try’s electricity generation potential from geothermal power at identified hot potential
sites is significant ranging from 0.75 GWe to 33.6 GWe, and is capable of replacing up
to the country’s one-third of coal-fired power plants [139, 142, 143].

The Tuchang-Qingshui geothermal area is the most studied out of all the named
geothermal areas in Taiwan, leading to the construction of Taiwan’s first geothermal
power plant in 1981. Hot springs observed around the geothermal area have a surface
temperature between 60 °C and 99 °C and have a flow rate of around 3 kg/s [148]. Geo-
thermal wells in this area have depths of 1505 m to 3000 m, bottom hole temperatures
of 201 °C to 225 °C, and total flow rates of around 11 kg/s to 35 kg/s [149, 150]. How-
ever, the power plant ceased operations in 1993 due to low well and power productivity
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locations and geothermal areas adapted from [142, 146, 147].

due to carbonate scaling.
The Qingshui power plant was redeveloped and relaunched with an installed ca-

pacity of 4.2 MW and is capable of meeting the demand of about three quarters of
households in Datong and Shanshing Townships [151]. The plant utilises water with
temperatures of up to 180 °C that is drawn from depths of 1200 m to 2100 m to generate
electricity before re-injecting the water back into the ground [152]. According to Chen
et al. [142], the used hot water is further utilised through a multi-function demonstration
system, of which details have not been made available.

Geothermal is considered a part of Taiwan’s 2050 net-zero transition policy [153].
The policy aims to increase the proportion of energy generated from renewable sources
from 9.6 GW to 46 GW in 2030. Geothermal energy’s contribution is to increase the in-
stalled capacity for geothermal from 20 MW in 2025 to 3 GW to 6.2 GW in 2050. To
facilitate the growth of geothermal power, multiple partnerships have been established
with industry players including Ormat [154], GreenFire [155], and GNS Science [156]
to support Taiwan’s geothermal ambitions. Taiwan also introduced a FIT system and
financial subsidies to encourage and accelerate private and national geothermal de-
velopment efforts [143]. Results and data concerning ongoing geothermal exploration
initiatives have been made available to the public as part of a public education effort
on geothermal [157].

Taiwan has significant geothermal energy potential, given the presence of many hot
springs and geothermal fields. A power plant was built in Qingshui to test its feasibil-
ity, and it can be viewed as a catalyst for revitalising Taiwan’s geothermal industry. A
three-decade gap existed between the plant’s closure in 1993 and its relaunching in
2023, suggesting technological limitations to overcome high-temperature geothermal
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fluids and scaling issues. If the Qingshui geothermal fluids have a sufficiently high con-
centration of silica, silica recovery would be an added benefit to the profitability and
maintenance of the power plant. On policy, it is encouraging and ambitious that geo-
thermal energy is incorporated into Taiwan’s overall net-zero transition plans. Multiple
industry partners have been engaged to provide the needed technical expertise and
technology. However, we opine that geopolitical relations between Taiwan and China
have become increasingly tenuous, which has the greatest potential to unravel Taiwan’s
geothermal ambitions. Efforts should be made by both countries willing to refocus ef-
forts to combat climate change.

3.2.7. Vietnam
Figure 10 shows that the territory of Vietnam can be subdivided into five tectonic

blocks: Northeast, Northwest, Truong Son, Kontum and Nambo [158, 159]. The rocks
associated with the Northeast block consist of various plutonic and volcanic rocks [160].
The Northwest and Truong Son blocks contain the thickest strata containing marine fos-
sils in the country and are recognised as NW-SE trending folded systems. The Kon-
tum block relates to an uplifted massif, which comprises a variety of metamorphosed
granites and magmatic-related intrusions. The Nambo block contains mainly deltaic
sediments at the southern end of Vietnam. Major structures have been formed within
and in-between the structural blocks, providing structural conditions favourable for hot
springs and geothermal reservoirs to manifest [160].
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Figure 10: Simplified tectonic block divisions of Vietnam adapted from [158]. Locations of hot springs
with geothermal prospects are adapted from [159, 161].
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Nearly 300 hot springs with surface temperatures of >30 °C have been identified
and categorised geographically by these structural blocks [159, 162, 163]. The hottest
spring is at the Bang hot spring area within the Truong Son block, with a measured tem-
perature of 105 °C at 24 m depth, and an estimated reservoir temperature in a range
of 167 °C to 200 °C at >2 km depth [163, 164]. As such, the estimated country’s geo-
thermal potential that can be developed is 680 MWe [159]. Regional simulation studies
suggest Vietnam’s geothermal potential for electricity generation is significantly higher
than previous estimations if EGS is considered, namely 2106 GWe to 7466 GWe [97].

Current utilisation of geothermal energy in Vietnam is for direct-use applications
such as GSHPs, spas, farming, bathing, and heating of swimming pools [5, 159]. The
total direct-use installed capacity and utilisation excluding GSHP are about 18 MWt and
187 TJ/yr. There are two pilot GSHPs installed in Hanoi, but only one is monitored at the
Vietnam Institute of Geoscience and Mineral Resources. The GSHP has an installed
capacity of 5 kWt. Additionally, the locals of the Thai Binh province have used the hot
water to warm fish breeding ponds and chicken or pig farms during winter.

According to the Vietnam Renewable Energy Policy 2022, significant efforts are
placed to increase the installed capacity for renewable energy [165]. For instance, the
projected growth in installed capacity from 2025 to 2045 is about 9 times for wind and
8.6 times for solar photovoltaics. Current high FIT and legislative support have driven
current Vietnam’s rapid growth in solar and wind energy [e.g., 33]. However, future
geothermal energy development remains unclear as it is categorised as ‘other renew-
able energy sources’ together with biomass. Additionally, the lack of local expertise,
pricing and financial assistance to lessen the high-risk profile of geothermal exploration
are cited to be caused for this [159, 162].

Current utilisation of geothermal energy in Vietnam is direct-use and within local
communities. Although previous studies have identified multiple hot springs with geo-
thermal potential and conducted successful demonstration projects, the current energy
policy focuses disproportionately on solar and wind projects compared to other renew-
able energy sources. The data and potentials for solar and wind energy projects are
more established, and implementing them carries less risk than geothermal. Similar
pricing and financial assistance policies are needed to reduce the high-risk nature of
geothermal energy and may spur the implementation of private and public geothermal
projects. Like Malaysia (in Section 3.2.4), Vietnam has a well-established oil and gas
industry and may have wells that require decommissioning. If the well’s temperature
and thermal gradients are high, reusing them should be considered for geothermal heat
extraction. Furthermore, conducting a pilot test would give further insights into the heat
extraction potential in Vietnam.

3.3. Low-GRC countries
3.3.1. India

The territory of India consists of the amalgamation of several ancient cratons that
have undergone multiple deformation cycles throughout geologic history [e.g., 166–
169]. The basement rocks consist of various magmatic rocks interlayered with meta-
morphic clastic and carbonate sediments [170]. Sediments are then deposited on top
of the basement, which either ended up as variably metamorphosed and deformed
mobile belts or remained as undisturbed intracratonic basins [e.g., 168, 171]. Major
structural lines in India formed from the generation of horst and graben structures at
ca. 180 million years ago [166]. Widespread volcanism occurred at ca. 145 million
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years ago, forming volcanic-associated plateaus. The most recent tectonic activity is
the collision and docking/subduction of the Indian plate with the Eurasian Plate leading
to the formation of the Himalayan mountain range. Figure 11 displays the geothermal
provinces of India and a simplified tectonic arrangement. This long geological evolu-
tion has led to the formation of various geological features and associated structural
patterns that are favourable for geothermal regions and mineral deposits to form [e.g.,
170, 172].

At this time, around 340 hot springs have been identified with surface temperatures
in a range of 32 °C to 97 °C [35, 173, 174]. These hot springs are spread over seven
geothermal provinces, namely the Himalayas, Sohana, Cambay, Son-Narmadah-Tapi
rift zone (So-Na-Ta), West coast, Godavari basin, and Mahanadi basin. The combined
geothermal potential of these provinces is estimated to be around 10.6 GWe [35, 175].
The reservoir temperatures in these provinces are in a range of 102 °C to 260 °C [174].
The Himalayan in the north and the Cambay province in western India are the two
most-studied provinces with some geothermal heat utilisation activities.

Geothermal provinces in India:
Himalayan
Sohana
Mahanadi basin
Cambay

West coast
Sonata
Godavari basin

500 km
N

Barren island

Manikaran

New Delhi

Dholera

Hyderabad

Bengaluru
Chennai

Puga Valley

Regional plate boundary

EURASIAN
PLATE

INDIAN
 PLATE

Figure 11: Geothermal provinces of India adapted and modified after [35, 172]. Simplified current plate
tectonic arrangement around India as inset, adapted from [55]. Solid red line demarcates the territory of
India.

The Himalayan province is mainly associated with post-tertiary granite intrusions
blanketed with sedimentary cover. This region has thermal reservoirs within hot gran-
ite. Chandrasekharam et al. [176] suggest that these heat-generating granite rocks can
make India one of the major electricity producers from EGSs. Previous studies show
that the Puga geothermal field in this province could power a 20 MWe power plant. The
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power generation in this field could curtail power shortages in Jammu and the Kashmir
region, dependent on hydropower stations that do not work at full capacity during win-
ters [174]. The state-owned company Oil and Natural Gas Corporation (ONGC) started
to drill exploration wells in the Puga geothermal field. In the first phase of exploration
for a 1 MWe pilot plant, drilling of two 1 km deep wells began in August 2022. After
one week of drilling, high-pressure steam of 100 °C with a flow rate around 27.7 kg/s
was encountered. Successful implementation of this pilot plant in this geothermal field
could pave the way for constructing a deeper reservoir, leading to a commercial-scale
geothermal power plant [177].

Successful geothermal utilisation was conducted to extract mineral resources, such
as borax, sulphur and potentially caesium, from the hot springs located in the Puga geo-
thermal field. Greenhouse cultivation, incubating poultry and mushrooms, and space
heating applications have been effectively demonstrated in this region [174].

The Manikaran geothermal field is in the Himachal Pradesh state, known for its
apple farms. This field has a small geothermal-driven absorption chiller of 7.5 t capacity
(1 refrigeration ton is about 3.5 kWt). A trial run of a 5 kWe binary cycle power plant was
also carried out [35]. Such utilisation cases could support cold storage of apples grown
in this region. One of the direct-use applications is cooking rice with geothermal water
to serve millions of worshippers visiting Gurudwara [172].

Cambay geothermal province is among India’s main oil and gas regions. It has sed-
imentary deposits blanketing simple lava flows. Research suggests that this province
is an ideal candidate to harness geothermal energy from abandoned oil and gas wells
in India [178]. The reservoir temperatures are in a range of 150 °C to 175 °C. Two geo-
thermal wells of 457 m were drilled at Swaminarayan Temple in Dholera. The geother-
mal resource temperature is around 47 °C, which is supplied to a simultaneous heating
and cooling heat pump. This heat pump increases the water temperature to make it
suitable for processing honey and pasteurisation of milk. The cooling side of this heat
pump supplies chilled water to meet the space cooling demand of the auditorium at the
temple [179].

The Western Coast province is a large graben in India, covered by thick Deccan
flood basalts which are affiliated with massive volcanic eruption activity. The area has
a high heat flow anomaly, a possible magma conduit structure and an unusually shallow
Moho layer [35, 180]. The reservoir temperatures are in a range of 102 °C to 137 °C.
The So-Na-Ta province has a strong tectonic reactivation with reservoir temperatures
of 105 °C to 217 °C [35]. The predicted reservoir temperatures of the hot springs in
Godavari basin are 128 °C to 184 °C. The reservoir temperatures of the resources in
the Sohna province range from 45 °C to 147 °C. The geothermal surface manifestations
in Mahanadi basin could have reservoir temperatures up to 144 °C [181].

The geothermal policy drafted by the government in 2016 envisioned geothermal
deployments of 1 GWt and 20 MWe by 2022 and an increase to 10 GWt and 1 GWe by
2030 [182]. The policy subsidises the installation of GSHPs. This policy document
claims that direct-use applications like balneology, swimming, bathing, and cooking
have a combined capacity of 986 MWt. There has not been any update on this policy
since 2016. Currently, India does not have any operational geothermal power plants.
For reservoir depth ranges of 3 km to 7 km, the estimated EGS electricity production
potential for India is 30,082 GWe [97].

The Barren Island in the Bay of Bengal hosts India’s sole active volcano. The geo-
thermal potential on this island is unknown due to the lack of exploration [175]. The
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presence of the active volcano suggests that it could be worthwhile for further explo-
ration.

India has vast untapped geothermal potential. Implementing GSHP technology
could efficiently harness this energy for space heating, replacing harmful practices like
charcoal burning in northern regions. To deploy these technologies, awareness drives
are essential to inform local communities about government policies. The same low-
temperature technology can be implemented in other parts of the country for space
cooling applications. Decentralised geothermal power plants offer a promising solution
to improve electricity supply to remote villages. A promising future path involves strate-
gic investment in geothermal exploration and development, especially in regions like the
Himalayas and Cambay. Harnessing geothermal energy from abandoned oil and gas
wells, for example in the Cambay region, can be regarded as a potential path for cleaner
power generation in India. Further, EGSs offer significant electricity production capac-
ity positioning India as a major clean energy producer and reducing reliance on fossil
fuels. India should prioritise geothermal energy development, update policies, and in-
vest in infrastructure for a greener and more resilient energy sector. Consequently,
geothermal energy can play a pivotal role in India’s sustainable energy transition.

3.3.2. Republic of Korea
The Republic of Korea (ROK) is located in the eastern continental margin of the

Eurasian continental plate and is a composite landmass. Figure 12 shows a simplified
tectonic map of ROK and locations of hot springs. Starting from the north to south-
ward direction, the Precambrian Kyeonggi and Yeongnam massifs are separated by
the Okcheon Fold Belt, and followed by the Gyeongsang sedimentary basin in the
southeastern part of the landmass [183]. The rocks in ROK consist of metamorphosed
gneiss and schists, sedimentary rocks, granites, and some young volcanic rocks [e.g.,
184]. The source for geothermal waters is strongly related to the widespread distribu-
tion of the granites and their associated deeply-connected fracture network [183, 185].
The non-volcanic geothermal waters are distributed throughout the country and are
categorised into two types according to Lee et al. [186]. The first group is the resid-
ual magma-type geothermal waters that have a temperature range of around 35 °C
to 77 °C and are associated with igneous intrusions. The second group are the deep
groundwater type geothermal waters having a temperature range of 24 °C to 35 °C.

Geothermal waters in ROK have been used for public baths and spa-related facili-
ties for over 2000 years [e.g., 187]. These spas utilise hot spring water temperatures
ranging from 23 °C to 76 °C. Lee et al. [183] indicates that ROK has 233 geothermal
wells and 452 hot spring facilities.

The use of GSHPs has rapidly increased in public and commercial applications
since 2000 [188]. The increase in the number of GSHP installations is also attributed
to existing infrastructure and historical groundwater usage, and ongoing government
subsidies that kept drilling and installation costs low [185, 189]. The latest total installed
capacity for GSHPs is estimated to be 1579 MWt [147]. These GSHPs installations
provide space heating and cooling to buildings. Despite this positive uptake of GSHPs,
there is growing concern that the groundwater is becoming environment unstable and
unsafe for the general population [e.g., 189].

The only known attempt to generate geothermal power is the Pohang EGS project,
a proof-of-concept to construct a 1.5 MW binary power plant [190]. The project was
conceived to exploit the heat flow anomaly associated with a major fault system and a
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Figure 12: Simplified tectonic map of ROK, adapted from [183]. Simplified current plate tectonic arrange-
ment around ROK as inset, adapted from [55]. Locations of hot springs have been adapted from [186].

sedimentary basin [185]. Previously drilled petroleum-related wells at Pohang indicate
that the geothermal gradient there is above 30 °C/km, which is higher than the national
average of 25 °C/km [191]. Two deeper wells were then drilled after the exploration well
in 2010 to depths of 4.1 km and 4.3 km for EGS stimulation experiments in 2016 [192].
The project was then discontinued after it was determined that the project caused the
2017 Pohang earthquake [e.g., 193]. Public perception of geothermal energy has de-
creased significantly. Pohang residents view geothermal power as negatively as nu-
clear power [194].

The government of ROK has passed a series of policies since 2000 to encourage
the adoption of new and renewable energy systems [e.g., 185]. For instance, the Pro-
motional Law of New and Renewable Energy Development, Use and Dissemination law
ensured the mandatory installation of renewable energy systems such as GSHP into
newly constructed and reconstructed public buildings and facilities [188]. Furthermore,
the government has also introduced financial support for new installations of these
renewable energy systems. However, significant policy changes have been made to
the policies concerning geothermal energy after the 2017 Pohang Earthquake. Other
forms of renewable energy, including solar, wind and nuclear power, are being pursued
to increase power generation from renewable sources from 30% to 35% by 2040 [195].
Funding new research and development projects and exploration activities involving
geothermal energy and GSHPs were significantly reduced for projects developing hy-
brid renewable energy systems involving GSHPs. Geothermal exploration activities
have received no updates following the conclusion of investigative efforts on Ulleung
and Jeju islands [196].

27



Since the 2017 Pohang Earthquake, geothermal exploration in ROK has reduced
significantly to the point that GSHPs are only considered with hybrid systems. Other
renewable sources are considered to meet their energy and proposed targets by 2040.
Undoing negative public perception on geothermal will be challenging. Despite the
challenges, cities such as Seoul have made plans to grow their current installed geo-
thermal heating and cooling capacity from 278 MWt to 1000 MWt and to construct a
large 23 MW geothermal plant by 2030 [197]. Therefore, we opine that ROK will not
completely abandon geothermal power.

3.3.3. Singapore
Singapore is located at the southern edge of Peninsular Malaysia within the Eur-

asian tectonic plate. Figure 13 displays its simplified geology with variegated arc-de-
rived granites and dykes [198], very-low metamorphic grade sedimentary rocks with
pyroclastic-tuff related rocks towards the east [199, 200], and a series of marine and
terrestrial sedimentary rocks to the west [201]. The near-surface geological features
are well understood up to the first few hundred metres deep, partly due to the abun-
dance of shallow boreholes and building works [202]. Regional heat flow maps indi-
cate anomalous heat flows ranging from 110 mW/m2 to 130 mW/m2 located towards
the west of the island [203]. The cause for the anomaly could be attributed to nearby
subduction-related arc magmatism and extensional deformation in Sumatra and Java
[204].

Singapore has several naturally occurring spring systems, of which the Sembawang
and Tekong island hot springs have the highest measured temperatures. The waters
of the Sembawang hot spring reach a surface temperature of at least 70 °C. A mean
reservoir temperature of 163 °C has been estimated by applying a Na/K geothermome-
ter proposed by Santoyo and Díaz-González [206] on the Sembawang hot springs.
The estimated reservoir temperature suggests being hot enough to generate electricity
and district cooling schemes in Singapore [207]. Numerical simulations indicate that
subsurface temperatures of 125 °C to 150 °C could be found at a depth of 1.25 km to
2.75 km beneath the Sembawang hot spring [208]. The Sembawang hot spring also
resides within the Simpang granite pluton, one of the variegated granites with elevated
concentrations of radiogenic heat elements (Uranium, Thorium and Potassium). The
heat production of this granite can be estimated by applying the method described in
Rybach [209] on the concentrations of the radiogenic heat elements at 100 m to 200 m
deep [198]. The calculated radiogenic heat production is from 7 µW/m3 to 8 µW/m3,
which is around twice the mean global granite heat production [210]. The current
geothermal reservoir model suggests that the Sembawang hot spring is part of a hy-
drothermal system where meteoric water percolates to about 5 km deep, gets heated
and flows upwards due to thermal buoyancy through faults to form hot springs at the
surface [207, 211].

The second confirmed hot spring, Unum, is located towards the northern extent of
Tekong island, the second largest offshore island located at the north-eastern extent of
Singapore. The general geology of the island is understood to be a layer of volcanic-re-
lated rocks deposited over moderately deformed and very-low grade metamorphosed
sedimentary rocks [199]. Similar volcanic rocks can also be found in south-eastern Jo-
hor, Malaysia, sharing similar ages, corresponding to a period of active volcanism [212].
These volcanic rocks have been proposed to provide a thermal blanketing effect over
the possible granitic basement. The heat source could be derived from radiogenic heat
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Figure 13: Simplified geological map of Singapore with the locations of the Sembawang and Tekong
Island hot springs adapted from [198, 205]. The location of Singapore in the Southeast Asia region is
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production within the granite and high heat flow from the mantle [207]. The measured
surface temperatures of the water and wet soils around the hot spring are 50 °C and
>90 °C, respectively. Other hot springs on Tekong Island might exist, but their locations
may be lost due to ongoing land reclamation activities.

The amount of stored heat in place in Singapore within the regions of Simpang gran-
ite pluton (where the Sembawang hot spring resides and the shallow granite radiogenic
heat production is high) and Tekong island (where the Unum hot spring resides) can be
estimated by using the volumetric method [213–215]. The available thermal energy can
be determined to amount to 5 × 1019 J, with the following assumptions: 1) the hot rock
has a vertical extent of 2 km at a depth of 3 km to 5 km which Qiu et al. [97] describe as
zones applicable for relatively simple practical applications, 2) total hot rock plan area
of 175 km2, 3) a 60 °C temperature difference exists between the working fluid at pro-
duction (150 °C) and injection (90 °C) wells, and 4) the volumetric heat capacity of the
rock is 2.5 × 106 J/(°C m3). The power potential can be estimated—using the method
described in Quinao and Zarrouk [216] and Ciriaco et al. [217]—as 1 GWe for 30 yr.

A recent geothermal exploration effort has drilled two deep slimholes to acquire
temperature measurements towards the island’s north. The measured temperatures
at 1.1 km depth are among the highest when compared with measured temperatures
in other countries with non-volcanic geological setting [218].
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The Singapore government has initiated several measures to accelerate its en-
ergy transition ambition. One such initiative includes a nationwide non-invasive survey
aimed at exploring the potential for geothermal development and carbon sequestration.
Another initiative is establishing a Future Energy Fund of SGD 5 billion by the end of
2024. This fund is intended to support the country’s energy transition towards a net-
zero future and could potentially expedite the development of geothermal energy in the
country. Singapore’s geothermal energy resource can be harnessed for various uses,
including power generation, space cooling, industrial preheating and dehydrogenation
processes.

3.3.4. Thailand
The tectonic setting of modern Thailand is caused by the movement and merg-

ing of regional tectonic plates, similar to those of previously discussed neighbouring
Southeast Asian countries. Figure 14 shows a simplified tectonic setting of Thailand,
including hot springs locations. In Northern Thailand, the most recent regional tec-
tonics is attributed to the collision of the Indian Plate that uplifted oceanic crusts and
sedimentary basins through a series of continental thickening events and the reactiva-
tion of existing structural zones [219]. The topography of Southern Thailand is defined
by a central mountain range that forms the spine of the peninsula, and it extends north-
wards into Myanmar [e.g., 220, 221]. In-between this mountain range are the Ranong
and Khlong Marui fault zones that traverse in a Northeastern-Southwestern orientation.

There are about 120 hot springs scattered from northern, western and southern
Thailand with surface temperatures ranging from 40 °C to 100 °C [224]. Based on the
surface temperatures of these hot springs, geothermal prospects have been identified
as low and medium potential (≤80 °C) and high potential (>80 °C) as shown in Fig-
ure 14 [223].

In Northern Thailand, these hot spring systems are located on fault systems within
the Paleozoic and Mesozoic plutonic rocks, Paleozoic metavolcanic rocks, or along
the edges of Cenozoic basin sediments against pre-Cenozoic rocks [225]. In the Fang
geothermal field, exploration wells were drilled into low resistivity anomalous zones that
discharged hot water of 125 °C with a total flow of 22 kg/s [e.g., 226]. These wells un-
derwent a successful production test, leading to the procurement of a 300 kW binary
power plant to become Thailand’s current geothermal power production. Deep ex-
ploration wells conducted at the San Kamphaeng geothermal field indicate geothermal
gradients up to 130 °C/km [227]. One of these wells intersected a fracture zone at depth
and generated a 125 °C water discharge at around 11 kg/s [228]. These high measured
geothermal gradients and heat flows in Northern Thailand could be attributed to local
structures and their subsequent reactivation caused by regional extensional tectonics
during the Miocene [229, 230].

In Southern Thailand, surface temperatures of the hot springs range from 40 °C to
80 °C, and hot springs are located in proximity to fault zones [231]. Reservoir tempera-
tures are estimated to be in a range of 73 °C to 143 °C based on applied geothermome-
ters. The chemical composition of the geothermal waters indicates that the reservoir
is likely a zone of mixing hot waters with existing groundwater or seawater intruded in
near-coastal aquifer. These hot springs in southern Thailand have been identified to
be hot enough to run and produce electricity through binary power plant systems [231].

Thailand uses geothermal energy for both power generation and direct-use appli-
cations through the demonstration binary cycle system at the Fang geothermal field.
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The Fang geothermal plant was constructed by collaborating with the French Energy
Agency, Japan International Cooperation Agency (JICA) and Chiang Mai University
[226]. This plant utilises waters from shallow wells with temperatures of 116 °C at
flow rates of about 8.3 kg/s [228, 232]. Power output varies from 150 kWe to 250 kWe
throughout the year and its yearly production amounts to 1.2 GWh/yr [233]. The ex-
haust hot water (80 °C) from the binary plant is then used to run additional downstream
applications such as a 480 kWt demonstrator for crop drying, cold storage and air con-
ditioning [226]. The cost of production and maintenance of the Fang geothermal power
plant is found to be significantly lower as compared to producing fossil fuels [121].

Thailand has conducted several experiments and demonstrations of GSHPs to pro-
vide space cooling in various locations [224]. The most notable demonstrations were
conducted at the Kasetart University [234] and at the Chulalongkorn University Bangkok
[235]. These demonstrations resulted in promising results where electrical power us-
age is reduced, with COP values ranging from 3 to 4. The results show that the GSHPs
at Chulalongkorn University reduce electricity consumption for cooling by 30% as com-
pared to conventional air conditioning. Additionally, some hot springs in Thailand have
been developed by the local community and provincial government sector as recre-
ation and spa-related areas [231]. Geothermal exploration studies are being conducted
on whether similar Fang geothermal plant cases can be utilised with the hot springs
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[223, 236]. If all hot springs were fully utilised as presented, the estimated potential for
power generation and direct-use would be 3.9 MWe and 2.4 MWt, respectively.

Under the current policy, the Alternative Energy Development Plan, the Thai gov-
ernment has set a target of 30% of its total energy consumption to be from renewable
energy sources by 2036, and another target to achieve carbon neutrality by 2050 [25].
These targets are also in line with Thailand’s National Energy Plan 2022, which in-
volves increasing the proportion of power generation from renewable energy sources,
including geothermal, to 50% in 2040. Although a FIT has not been implemented for
geothermal power, the policy seeks to gather more information on Thailand’s geother-
mal potential and feasibility studies to determine suitable technologies for low-heat geo-
thermal power [28]. An update on renewable energy development policy is expected
to be released within 2024 after many delays owing to the pandemic [237].

Despite not being near tectonic boundaries or having active volcanoes, Thailand has
successfully operated a geothermal power plant for several decades. The power plant
represents the combined effort of engaging with other countries with more geothermal
experience. The value of similar collaborations is also repeated in the Lahendong (see
Section 3.2.2). Thailand also attempted to build their local talent pool for geothermal
by conducting several GSHP demonstrations at various universities and public build-
ings. It is encouraging that Thailand is studying other hot springs to duplicate the Fang
geothermal plant project. However, renewable energy scientists perceive that the cur-
rent support from the Thai government for their work is insufficient to pursue additional
energy-related projects. An update to Thailand’s renewable energy development is
required to provide the direction and support needed for renewable energy scientists.

4. Discussion
4.1. Limitations of the study

Information on the latest geothermal development is only available through news-
paper articles and press releases. In the Philippines, the launch of two binary power
plants was reported in press releases. In Taiwan, information on the relaunching of the
Qingshui geothermal power plant and the establishment of geothermal partnerships
were reported from news articles and the industry’s press release websites, respec-
tively. The abandoning of the Tawau geothermal plant in Malaysia was reported by the
New Straits Times. These webpages are included and cited accordingly.

The study was conducted during a period of global events such as the COVID-
19 pandemic and the ongoing Russia-Ukraine war. Such events may have caused
positive and negative changes to the country’s renewable energy policies, and are
reported first in newspapers and press releases. In Thailand, the government has
implemented policies to revive tourism in Thailand post-pandemic and prioritised the
well-being of its citizens [238]. Such measures have delayed updates to the renewable
energy policy [237]. The Russian-Ukraine war is an ongoing atrocity that has caused
significant devastation to Ukraine and caused a high volatility of global energy prices [up
to 70% in 239]. However, there is renewed interest in countries to improve their energy
security through increased renewable energy development as seen in Germany that
saw an increase in investments to fund geothermal projects [240].

Data such as geothermal gradient, reservoir pressure, and groundwater flow in most
countries are mostly unavailable or not publicly accessible. Furthermore, this data may
be presented in the local language, requiring authors to rely on online translations and
third-party summary reports.
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4.2. Main findings
Among countries considered in this review, seven (China, Indonesia, Japan, Malay-

sia, the Philippines, Taiwan and Vietnam) have measured temperatures corresponding
to high-temperature GRC, and four (India, Republic of Korea, Singapore and Thailand)
fall into the low-GRC category, as indicated in Table 2. Countries like Indonesia, Japan
and the Philippines are expected to be in the high-GRC group as they reside in tec-
tonically active regions. High-GRC countries are already harnessing geothermal en-
ergy for electricity generation, except for Malaysia (due to permit issues) and Vietnam.
In contrast, low-GRC countries primarily utilise geothermal resources for heating and
cooling. Thailand is the only low-GRC country currently generating electricity, albeit at
demonstration scale.

Table 2: Summary of countries’ GRC based on their measured temperatures and the final energy car-
riers when using their geothermal resources. The measured temperature refers to either the measured
reservoir temperature or the highest down-hole temperature, whichever is available or the highest. A
country is categorised as ‘high’ if T > 150 °C and ‘low’ if T ≤ 150 °C. #Heating includes space heating
and swimming pool heating applications.

Country T [°C] Reference Application
Electricity Heating# H2 Cooling

High-GRC countries
China >150 Fu et al. [63] ✓ ✓
Indonesia >150 Darma et al. [36] ✓ ✓
Japan >150 Kaieda [101] ✓ ✓ ✓
Malaysia 200 Lawless et al. [114]
Philippines >150 Halcon et al. [125] ✓ ✓ ✓
Taiwan (China) 225 Fan et al. [149] ✓ ✓ ✓
Vietnam 180 Cuong et al. [241] ✓ ✓
Low-GRC countries

India 130 Craig et al. [174] ✓ ✓
Republic of Korea 83 Song et al. [185] ✓ ✓
Singapore 70 Zhao et al. [211]
Thailand 130 Ramingwong et al. [228] ✓ ✓ ✓

Geothermal power projects are often associated with high upfront costs, mainly for
exploration and drilling, and long project lead times from exploration to power plant
construction. These factors contribute to high financial risk [242–244]. There are two
examples of measures adopted by the reviewed countries to mitigate financial risk.
The first example is government intervention with policies that provide financial sup-
port for geothermal energy projects, as seen in Japan, Malaysia, Indonesia and Taiwan.
The second example is through regional organisations such as the Asian Development
Bank that helps to maintain project financial viability for developing countries to ex-
plore and utilise geothermal energy, of which Lao PDR, Cambodia and Myanmar are
recipients [245, 246].

Countries with limited access to conventional geothermal resources and/or oil and
gas resources tend to lack expertise in geothermal exploration and utilisation. How-
ever, knowledge transfer is possible through international collaborations, such as the
Germany-Indonesia collaboration in Lahendong (Indonesia) and the France-Japan-
Thailand collaboration in Chiang Mai (Thailand), which have led to the development
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of demonstration geothermal binary power plants. Additionally, countries can establish
geothermal research centres, such as India’s Centre of Excellence for Geothermal En-
ergy (CEGE), which serve as centralised entities to nurture local talents and incubate
geothermal-related technologies. Building local expertise can also position countries to
leverage emerging technologies, such as AGS when they become commercially viable.

Geothermal project development can sometimes encounter challenges due to stake-
holder mismanagement issues. Concerns raised by these stakeholders span a wide
range, including environmental impacts, property values, health and safety, livelihood,
and insufficient public participation in the project [247]. For example, geothermal de-
velopment in Japan often faces opposition from local onsen owners, mainly due to con-
cerns that it may disrupt their livelihoods. In Indonesia, a geothermal power project in
Gunung Talang, West Sumatera, experienced delays due to violent clashes stemming
from societal movements, largely caused by the lack of local community involvement
in the project. Managing stakeholders is not straightforward, as each project requires
a unique approach.

EGS, AGS and the reuse of abandoned oil and gas wells are identified as emerging
research trends that can promote geothermal uptake in Asian countries. China, India,
and Japan have been researching technologies related to heat extraction from deep hot
rocks using the EGS/HDR methods. While the EGS potential is promising, commercial
exploitation faces technological challenges in controlling rock fracturing and addressing
concerns about induced micro-seismicity, especially in urban areas. For countries with
established oil and gas industries, such as Malaysia, China and India, ongoing research
explores the viability of repurposing abandoned wells for geothermal energy utilisation.
Countries committed to developing their geothermal potential are encouraged to persist
in exploration efforts and establish local knowledge pools, positioning themselves to
adopt emerging technologies effectively.

5. Conclusion

An upward trend from 1995 to 2020 for geothermal applications in Asia indicates that
there is a growing demand for geothermal utilisation. In this work, a comprehensive re-
view has been conducted on geothermal development with an extension of low-temper-
ature resources in South, Southeast, and East Asia. China, Indonesia, Japan, Malay-
sia, the Philippines, Taiwan (China) and Vietnam are identified as high-GRC countries.
India, Republic of Korea, Singapore and Thailand are identified as low-GRC countries.
Products from high-GRC countries are mainly electricity and space heating. Products
from low-GRC countries are mainly space heating and cooling. EGS, AGS and the
reusing of abandoned oil and gas wells are identified as emerging research trends that
can promote geothermal uptake in Asian countries.

Declaration of competing interest

The authors report no declaration of interest.

Acknowledgements

This work is supported by the National Research Foundation under the Intra-CRE-
ATE Thematic Grant “Cities” (Grant Number: NRF2019-THE001-0002).

34



References

[1] K. F. Beckers, A. Kolker, H. Pauling, J. D. McTigue, D. Kesseli, Evaluating the
feasibility of geothermal deep direct-use in the United States, Energy Conversion
and Management 243 (2021) 114335. doi: 10.1016/j.enconman.2021.114335.

[2] Department of Energy, GeoVision: Harnessing the Heat Beneath Our Feet, Tech-
nical Report, Department of Energy, United States, 2019. URL: https://www.
energy.gov/sites/default/files/2019/06/f63/GeoVision-full-report-opt.pdf.

[3] B. van der Zwaan, F. Dalla Longa, Integrated assessment projections
for global geothermal energy use, Geothermics 82 (2019) 203–211. doi:
10.1016/j.geothermics.2019.06.008.

[4] G. W. Huttrer, Geothermal power generation in the world 2015-2020 update
report, in: Proceedings of the World Geothermal Congress 2020+1, Reyk-
javik, Iceland, 2021, pp. 1–17. URL: https://www.geothermal-energy.org/pdf/
IGAstandard/WGC/2020/01017.pdf.

[5] J. W. Lund, A. N. Toth, Direct utilization of geothermal energy 2020 worldwide re-
view, Geothermics 90 (2021) 101915. doi: 10.1016/j.geothermics.2020.101915.

[6] D. H. Freeston, Direct uses of geothermal energy 1995, Geothermics 25 (1996)
189–214. doi: 10.1016/0375-6505(95)00051-8.

[7] J. W. Lund, D. H. Freeston, World-wide direct uses of geothermal energy 2000,
Geothermics 30 (2001) 29–68. doi: 10.1016/S0375-6505(00)00044-4.

[8] J. W. Lund, Direct heat utilization of geothermal resources worldwide 2005,
ASEG Extended Abstracts 2006 (2006) 1–15. doi: 10.1071/ASEG2006ab099.

[9] J. W. Lund, D. H. Freeston, T. L. Boyd, Direct utilization of geother-
mal energy 2010 worldwide review, Geothermics 40 (2011) 159–180. doi:
10.1016/j.geothermics.2011.07.004.

[10] J. W. Lund, T. L. Boyd, Direct utilization of geothermal energy 2015 worldwide
review, Geothermics 60 (2016) 66–93. doi: 10.1016/j.geothermics.2015.11.004.

[11] G. W. Huttrer, The Status of World Geothermal Power Production 1990–1994,
Geothermics 25 (1996) 165–187. doi: 10.1016/0375-6505(95)00041-0.

[12] G. W. Huttrer, The status of world geothermal power generation 1995–2000,
Geothermics 30 (2001) 1–27. doi: 10.1016/S0375-6505(00)00042-0.

[13] R. Bertani, World geothermal power generation in the period 2001–2005,
Geothermics 34 (2005) 651–690. doi: 10.1016/j.geothermics.2005.09.005.

[14] R. Bertani, Geothermal power generation in the world 2005–2010 update report,
Geothermics 41 (2012) 1–29. doi: 10.1016/j.geothermics.2011.10.001.

[15] R. Bertani, Geothermal power generation in the world 2010–2014 update report,
Geothermics 60 (2016) 31–43. doi: 10.1016/j.geothermics.2015.11.003.

35

http://dx.doi.org/10.1016/j.enconman.2021.114335
https://www.energy.gov/sites/default/files/2019/06/f63/GeoVision-full-report-opt.pdf
https://www.energy.gov/sites/default/files/2019/06/f63/GeoVision-full-report-opt.pdf
http://dx.doi.org/10.1016/j.geothermics.2019.06.008
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/01017.pdf
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/01017.pdf
http://dx.doi.org/10.1016/j.geothermics.2020.101915
http://dx.doi.org/10.1016/0375-6505(95)00051-8
http://dx.doi.org/10.1016/S0375-6505(00)00044-4
http://dx.doi.org/10.1071/ASEG2006ab099
http://dx.doi.org/10.1016/j.geothermics.2011.07.004
http://dx.doi.org/10.1016/j.geothermics.2015.11.004
http://dx.doi.org/10.1016/0375-6505(95)00041-0
http://dx.doi.org/10.1016/S0375-6505(00)00042-0
http://dx.doi.org/10.1016/j.geothermics.2005.09.005
http://dx.doi.org/10.1016/j.geothermics.2011.10.001
http://dx.doi.org/10.1016/j.geothermics.2015.11.003


[16] A. Widiatmojo, Y. Uchida, I. Takashima, K. Yasukawa, P. Charusiri, S. Chot-
pantarat, S. Chokchai, Ground source heat pump application in tropical coun-
tries, in: Proceedings 44th Workshop on Geothermal Reservoir Engineering,
Standford, California, 2019, pp. 1–5. URL: https://pangea.stanford.edu/ERE/pdf/
IGAstandard/SGW/2019/Widiatmojo.pdf.

[17] International Monetary Fund, World Economic Outlook Database, 2022. URL:
https://www.imf.org/en/Publications/WEO/weo-database/2022/October.

[18] T. Wei, J. Wu, S. Chen, Keeping track of greenhouse gas emission reduction
progress and targets in 167 cities worldwide, Frontiers in Sustainable Cities 3
(2021) 696381. doi: 10.3389/frsc.2021.696381.

[19] X. Tok, H. Vivek, A. Penillard, S. Bordat, K. Basu, W. Y. Lee, Decarbonising
Singapore’s energy system in the context of cooling, Technical Report, World
Wide Fund for Nature Singapore, Singapore, 2022. URL: https://www.wwf.sg/
wp-content/uploads/2022/06/WWF_SG_CarbonReport.pdf#pg=18.

[20] K. Yasukawa, I. Takashima, Y. Uchida, N. Tenma, O. Lorphensri, Geothermal
heat pump application for space cooling in Kamphaengphet, Thailand, Bulletin of
the Geological Survey of Japan 60 (2009) 491–501. doi: 10.9795/bullgsj.60.491.

[21] S. Ratchawang, S. Chotpantarat, S. Chokchai, I. Takashima, Y. Uchida,
P. Charusiri, A review of ground source heat pump application for space cooling
in Southeast Asia, Energies 15 (2022) 4992. doi: 10.3390/en15144992.

[22] P. Bayer, G. Attard, P. Blum, K. Menberg, The geothermal potential of
cities, Renewable and Sustainable Energy Reviews 106 (2019) 17–30. doi:
10.1016/j.rser.2019.02.019.

[23] P. J. Ball, A review of geothermal technologies and their role in reducing green-
house gas emissions in the USA, Journal of Energy Resources Technology 143
(2021) 010903. doi: 10.1115/1.4048187.

[24] C. A. Vargas, L. Caracciolo, P. J. Ball, Geothermal energy as a means to decar-
bonize the energy mix of megacities, Communications Earth & Environment 3
(2022) 66. doi: 10.1038/s43247-022-00386-w.

[25] ASEAN Centre for Energy, ASEAN Power Updates, Technical Report, ASEAN
Centre for Energy, Indonesia, 2021. URL: http://go.aseanenergy.org/Xy84l.

[26] International Energy Agency, Southeast Asia Energy Outlook 2022,
Technical Report, International Energy Agency, France, 2022. URL:
https://iea.blob.core.windows.net/assets/e5d9b7ff-559b-4dc3-8faa-42381f80
ce2e/SoutheastAsiaEnergyOutlook2022.pdf.

[27] H. Duerrast, Geothermal resources in southern Thailand – part of a renew-
able energy mix, IOP Conference Series: Earth and Environmental Science
463 (2020) 012146. doi: 10.1088/1755-1315/463/1/012146.

[28] T. Sutabutr, Alternative Energy Development Plan: AEDP 2012–2021, Journal
of Renewable Energy 7 (2012) 1–10. URL: https://ph01.tci-thaijo.org/index.php/
RAST/article/view/26206.

36

https://pangea.stanford.edu/ERE/pdf/IGAstandard/SGW/2019/Widiatmojo.pdf
https://pangea.stanford.edu/ERE/pdf/IGAstandard/SGW/2019/Widiatmojo.pdf
https://www.imf.org/en/Publications/WEO/weo-database/2022/October
http://dx.doi.org/10.3389/frsc.2021.696381
https://www.wwf.sg/wp-content/uploads/2022/06/WWF_SG_CarbonReport.pdf#pg=18
https://www.wwf.sg/wp-content/uploads/2022/06/WWF_SG_CarbonReport.pdf#pg=18
http://dx.doi.org/10.9795/bullgsj.60.491
http://dx.doi.org/10.3390/en15144992
http://dx.doi.org/10.1016/j.rser.2019.02.019
http://dx.doi.org/10.1115/1.4048187
http://dx.doi.org/10.1038/s43247-022-00386-w
http://go.aseanenergy.org/Xy84l
https://iea.blob.core.windows.net/assets/e5d9b7ff-559b-4dc3-8faa-42381f80ce2e/SoutheastAsiaEnergyOutlook2022.pdf
https://iea.blob.core.windows.net/assets/e5d9b7ff-559b-4dc3-8faa-42381f80ce2e/SoutheastAsiaEnergyOutlook2022.pdf
http://dx.doi.org/10.1088/1755-1315/463/1/012146
https://ph01.tci-thaijo.org/index.php/RAST/article/view/26206
https://ph01.tci-thaijo.org/index.php/RAST/article/view/26206


[29] A. Fronda, M. Marasigan, V. Lazaro, Geothermal development in the Philippines:
The country update, in: Proceedings World Geothermal Congress 2015, Mel-
bourne, Australia, 2015, pp. 1–8. URL: http://large.stanford.edu/courses/2016/
ph240/makalinao1/docs/01053.pdf.

[30] Energy Market Authority, Charting the energy transition to 2050, Technical Re-
port, Energy Market Authority, Singapore, 2022. URL: https://www.ema.gov.sg/
resources/industry-reports/energy-2050-committee-report.

[31] International Renewable Energy Agency, ASEAN Centre for Energy,
Renewable Energy Outlook for ASEAN: Towards a regional transition
(2nd ed.), Technical Report, International Renewable Energy Agency
and ASEAN Centre for Energy, Abu Dhabi and Jakarta, 2022. URL:
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Sep/
IRENA_Renewable_energy_outlook_ASEAN_2022.pdf.

[32] R. Vakulchuk, I. Overland, B. Suryadi, ASEAN’s energy transition: How to attract
more investment in renewable energy, Energy, Ecology and Environment (2022).
doi: 10.1007/s40974-022-00261-6.

[33] Bain & Company, GenZero, Standard Chartered, Temasek, Southeast Asia’s
Green Economy 2024: Moving the Needle, Report, Bain & Company, Singapore,
2024. URL: https://www.bain.com/globalassets/noindex/2024/bain-southeast-
asia-green-economy-2024-report.pdf.

[34] C. Harvey, The world will likely miss 1.5◦C. Why isn’t anyone saying so?, E&E
News (2022). URL: https://www.eenews.net/articles/the-world-will-likely-miss-1-
5-c-why-isnt-anyone-saying-so/.

[35] K. Yadav, A. Sircar, Geothermal energy provinces in India: A renewable her-
itage, International Journal of Geoheritage and Parks 9 (2021) 93–107. doi:
10.1016/j.ijgeop.2020.12.002.

[36] S. Darma, Y. L. Imani, M. N. A. Shidqi, T. Dwikorianto, Y. Daud, Country update:
The fast growth of geothermal energy development in Indonesia, in: Proceedings
World Geothermal Congress 2020+1, Reykjavik, Iceland, 2021, pp. 1–9. URL:
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/01073.pdf.

[37] K. Yasukawa, N. Nishikawa, M. Sasada, T. Okumura, Country update of Japan,
in: Proceedings of the World Geothermal Congress 2020+1, Reykjavik, Iceland,
2021, pp. 1–7. URL: http://www.geothermal-energy.org/pdf/IGAstandard/WGC/
2020/01037.pdf.

[38] P. Amoatey, M. Chen, A. Al-Maktoumi, A. Izady, M. S. Baawain, A review of geo-
thermal energy status and potentials in Middle-East countries, Arabian Journal
of Geosciences 14 (2021) 245. doi: 10.1007/s12517-021-06648-9.

[39] M. P. Hochstein, Assessment and modelling of geothermal reservoirs (small
utilisation schemes), Geothermics 17 (1988) 15–49. doi: 10.1016/0375-
6505(88)90004-1.

37

http://large.stanford.edu/courses/2016/ph240/makalinao1/docs/01053.pdf
http://large.stanford.edu/courses/2016/ph240/makalinao1/docs/01053.pdf
https://www.ema.gov.sg/resources/industry-reports/energy-2050-committee-report
https://www.ema.gov.sg/resources/industry-reports/energy-2050-committee-report
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Sep/IRENA_Renewable_energy_outlook_ASEAN_2022.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/Sep/IRENA_Renewable_energy_outlook_ASEAN_2022.pdf
http://dx.doi.org/10.1007/s40974-022-00261-6
https://www.bain.com/globalassets/noindex/2024/bain-southeast-asia-green-economy-2024-report.pdf
https://www.bain.com/globalassets/noindex/2024/bain-southeast-asia-green-economy-2024-report.pdf
https://www.eenews.net/articles/the-world-will-likely-miss-1-5-c-why-isnt-anyone-saying-so/
https://www.eenews.net/articles/the-world-will-likely-miss-1-5-c-why-isnt-anyone-saying-so/
http://dx.doi.org/10.1016/j.ijgeop.2020.12.002
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/01073.pdf
http://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/01037.pdf
http://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/01037.pdf
http://dx.doi.org/10.1007/s12517-021-06648-9
http://dx.doi.org/10.1016/0375-6505(88)90004-1
http://dx.doi.org/10.1016/0375-6505(88)90004-1


[40] K. C. Lee, Classification of geothermal resources by exergy, Geothermics 30
(2001) 431–442. doi: 10.1016/S0375-6505(00)00056-0.

[41] S. K. Sanyal, Classification of geothermal systems – A possible scheme, in:
Thirtieth Workshop on Geothermal Reservoir Engineering, Standford, California,
2005, pp. 1–8. URL: https://pangea.stanford.edu/ERE/pdf/IGAstandard/SGW/
2005/sanyal1.pdf.

[42] I. S. Moeck, Catalog of geothermal play types based on geologic con-
trols, Renewable and Sustainable Energy Reviews 37 (2014) 867–882. doi:
10.1016/j.rser.2014.05.032.

[43] S. J. Zarrouk, K. McLean, Geothermal systems, in: Geothermal Well Test Anal-
ysis, Elsevier, 2019, pp. 13–38. doi: 10.1016/B978-0-12-814946-1.00002-5.

[44] M. P. Hochstein, Chapter 2: Classification and assessment of geo-
thermal resources, in: M. H. Dickson, M. Fanelli (Eds.), Small
Geothermal resources – A guide to Development and Utilisation, UNI-
TAR/UNDP Centre on Small Energy Sources, Rome, 1990, pp. 31–
59. URL: https://www.researchgate.net/publication/316876669_Classification_
and_assessment_of_geothermal_resources.

[45] Z. Guzović, B. Majcen, S. Cvetković, Possibilities of electricity generation in
the Republic of Croatia from medium-temperature geothermal sources, Applied
Energy 98 (2012) 404–414. doi: 10.1016/j.apenergy.2012.03.064.

[46] D. Fiaschi, G. Manfrida, E. Rogai, L. Talluri, Exergoeconomic analysis and com-
parison between ORC and Kalina cycles to exploit low and medium-high temper-
ature heat from two different geothermal sites, Energy Conversion and Manage-
ment 154 (2017) 503–516. doi: 10.1016/j.enconman.2017.11.034.

[47] P. Muffler, R. Cataldi, Methods for regional assessment of geothermal resources,
Geothermics 7 (1978) 53–89. doi: 10.1016/0375-6505(78)90002-0.

[48] R. Haenel, L. Rybach, L. Stegena (Eds.), Handbook of terrestrial heat-flow den-
sity determination, Solid Earth Sciences Library, 1 ed., Springer Dordrecht, Dor-
drecht NL, 1988. URL: https://doi.org/10.1007/978-94-009-2847-3.

[49] D. Chandrasekharam, J. Bundschuh, Low-enthalpy geothermal resources for
power generation, CRC Press, Boca Raton [Fla.]; London, 2008. URL: https:
//dx.doi.org/10.1201/9780203894552.

[50] D. Fiaschi, A. Lifshitz, G. Manfrida, D. Tempesti, An innovative ORC power
plant layout for heat and power generation from medium- to low-temperature
geothermal resources, Energy Conversion and Management 88 (2014) 883–
893. doi: 10.1016/j.enconman.2014.08.058.

[51] T. Tian, Y. Dong, W. Zhang, J. Wei, H. Jin, Y. Liu, Rapid development of
China’s geothermal industry – China National Report of the 2020 World Geother-
mal Conference, in: Proceedings of the World Geothermal Congress 2020+1,
Reykjavik, Iceland, 2021, pp. 1–9. URL: http://www.geothermal-energy.org/pdf/
IGAstandard/WGC/2020/01068.pdf.

38

http://dx.doi.org/10.1016/S0375-6505(00)00056-0
https://pangea.stanford.edu/ERE/pdf/IGAstandard/SGW/2005/sanyal1.pdf
https://pangea.stanford.edu/ERE/pdf/IGAstandard/SGW/2005/sanyal1.pdf
http://dx.doi.org/10.1016/j.rser.2014.05.032
http://dx.doi.org/10.1016/B978-0-12-814946-1.00002-5
https://www.researchgate.net/publication/316876669_Classification_and_assessment_of_geothermal_resources
https://www.researchgate.net/publication/316876669_Classification_and_assessment_of_geothermal_resources
http://dx.doi.org/10.1016/j.apenergy.2012.03.064
http://dx.doi.org/10.1016/j.enconman.2017.11.034
http://dx.doi.org/10.1016/0375-6505(78)90002-0
https://doi.org/10.1007/978-94-009-2847-3
https://dx.doi.org/10.1201/9780203894552
https://dx.doi.org/10.1201/9780203894552
http://dx.doi.org/10.1016/j.enconman.2014.08.058
http://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/01068.pdf
http://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/01068.pdf


[52] D.-P. Yan, L. Qiu, Geology of China and adjacent regions: An in-
troduction, Journal of Asian Earth Sciences 203 (2020) 104533. doi:
10.1016/j.jseaes.2020.104533.

[53] G. Wang, W. Lin, Z. Liu, W. Zhang, F. Ma, W. Wang, K. Li, Assessment of geo-
thermal resources in China, in: Proceedings of the Thirty-Eighth Workshop on
Geothermal Reservoir Engineering, Standford, California, 2013, pp. 1–9. URL:
https://pangea.stanford.edu/ERE/pdf/IGAstandard/SGW/2013/Wang.pdf.

[54] S. Li, D. Wen, D. Yue, H. Long, Q. Zhang, Z. Feng, Research progress of
deep geothermal exploration in Dongli Lake Area, Tianjin, North China, in:
Proceedings of the World Geothermal Congress 2020+1, Reykjavik, Iceland,
2021, pp. 1–7. URL: http://www.geothermal-energy.org/pdf/IGAstandard/WGC/
2020/11072.pdf.

[55] P. Bird, An updated digital model of plate boundaries, Geochemistry, Geo-
physics, Geosystems 4 (2003) 1–52. doi: 10.1029/2001GC000252.

[56] G.-l. Wang, W. Zhang, F. Ma, W.-j. Lin, J.-y. Liang, X. Zhu, Overview on hy-
drothermal and hot dry rock researches in China, China Geology 2 (2018) 273–
285. doi: 10.31035/cg2018021.

[57] A. Keshi, Thermal springs in China, GeoJournal 4 (1980) 507–513. URL: https:
//www.jstor.org/stable/41142971, publisher: Springer.

[58] L. Shen, L. Liu, China’s geothermal resources development status, problems
and suggestions under the background of carbon neutrality, IOP Conference Se-
ries: Earth and Environmental Science 766 (2021) 012018. doi: 10.1088/1755-
1315/766/1/012018.

[59] Y. Liu, G. Wang, X. Zhu, T. Li, Occurrence of geothermal resources and prospects
for exploration and development in China, Energy Exploration & Exploitation 39
(2021) 536–552. doi: 10.1177/0144598719895820.

[60] D. Ji, Z. Ping, Characteristics and genesis of the Yangbajing geothermal field,
Tibet, in: Proceedings of the World Geothermal Congress 2000, Kyushu - To-
hoku, Japan, 2000, pp. 1083–1088. URL: https://www.geothermal-energy.org/
pdf/IGAstandard/WGC/2000/R0070.PDF.

[61] Y. Yuan, T. Xu, Z. Jiang, B. Feng, Prospects of power generation from the
deep fractured geothermal reservoir using a novel vertical well system in the
Yangbajing geothermal field, China, Energy Reports 7 (2021) 4733–4746. doi:
10.1016/j.egyr.2021.07.069.

[62] Y. Wang, C. Li, J. Zhao, B. Wu, Y. Du, J. Zhang, Y. Zhu, The above-ground
strategies to approach the goal of geothermal power generation in China: State
of art and future researches, Renewable and Sustainable Energy Reviews 138
(2021) 110557. doi: 10.1016/j.rser.2020.110557.

[63] L. Fu, D. Wen, Q. Feng, S. Zhang, X. Ma, L. Zhang, W. Shao, Methods for
geothermal resource assessment of hot dry rock: A case study in the Gonghe
Basin, China, Energy Exploration & Exploitation 40 (2022) 1268–1286. doi:
10.1177/01445987221075847.

39

http://dx.doi.org/10.1016/j.jseaes.2020.104533
https://pangea.stanford.edu/ERE/pdf/IGAstandard/SGW/2013/Wang.pdf
http://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/11072.pdf
http://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/11072.pdf
http://dx.doi.org/10.1029/2001GC000252
http://dx.doi.org/10.31035/cg2018021
https://www.jstor.org/stable/41142971
https://www.jstor.org/stable/41142971
http://dx.doi.org/10.1088/1755-1315/766/1/012018
http://dx.doi.org/10.1088/1755-1315/766/1/012018
http://dx.doi.org/10.1177/0144598719895820
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2000/R0070.PDF
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2000/R0070.PDF
http://dx.doi.org/10.1016/j.egyr.2021.07.069
http://dx.doi.org/10.1016/j.rser.2020.110557
http://dx.doi.org/10.1177/01445987221075847


[64] T. Guo, Y. Zhang, J. He, F. Gong, M. Chen, X. Liu, Research on geothermal
development model of abandoned high temperature oil reservoir in North China
oilfield, Renewable Energy 177 (2021) 1–12. doi: 10.1016/j.renene.2021.05.128.

[65] Z. Luo, X. Lu, Characteristics and prospect of geothermal industry in China
under the “dual carbon” target, Energy Geoscience 4 (2023) 100199. doi:
10.1016/j.engeos.2023.100199.

[66] H. M. S. Hartono, S. Tjokrosapoetro, Geological evolution of the Indonesian
Archipelago, in: Bulletin of the Geological Society of Malaysia, volume 20, Ma-
laysia, 1986, pp. 97–136. doi: 10.7186/bgsm20198607.

[67] I. Metcalfe, Tectonic evolution of Sundaland, Bulletin of the Geological Society
of Malaysia 63 (2017) 27–60. doi: 10.7186/bgsm63201702.

[68] F. C. M. Santos, V. A. S. Vicente, J. A. M. S. Pratas, L. E. N. Conde, The geology
of Timor-Leste: A review, Tech. Rep., Instituto do Petróleo e Geologia, Divisão
Investigação Geológica, 2020. doi: 10.5281/ZENODO.4409310.

[69] S. J. Hutchings, W. D. Mooney, The seismicity of Indonesia and tectonic impli-
cations, Geochemistry, Geophysics, Geosystems 22 (2021) e2021GC009812.
doi: 10.1029/2021GC009812, publisher: John Wiley & Sons, Ltd.

[70] E. H. Purwanto, E. Suwarno, C. Hakama, A. R. Pratama, B. Herdiyanto,
An Updated Statistic Evaluation of Drilling Performance, Drilling Cost and
Well Capacity of Geothermal Fields in Indonesia, in: Proceedings World
Geothermal Congress 2021, Reykjavik, Iceland, 2021, pp. 1–12. URL:
https://www.researchgate.net/publication/353769129_An_Updated_Statistic_
Evaluation_of_Drilling_Performance_Drilling_Cost_and_Well_Capacity_of_
Geothermal_Fields_in_Indonesia.

[71] N. A. Pambudi, Geothermal power generation in Indonesia, a country within the
ring of fire: Current status, future development and policy, Renewable and Sus-
tainable Energy Reviews 81 (2018) 2893–2901. doi: 10.1016/j.rser.2017.06.096.

[72] K. Fan, S. Nam, Accelerating Geothermal Development in Indonesia: A Case
Study in the Underutilization of Geothermal Energy, Consilience 19 (2018) 103–
129. URL: http://www.jstor.org/stable/26427715.

[73] T. Grysen, Geothermal Heat Flow Map of Sumatra, Indonesia, 2016.
URL: https://docslib.org/doc/8163307/geothermal-heat-flow-map-of-
sumatra-indonesia-taylor-grysen-derek-gibson-and-kirsten-nicholson, doi:
10.1130/abs/2016NC-275234.

[74] A. Cipta, P. Cummins, J. Dettmer, E. Saygin, M. Irsyam, A. Rudyanto, J. Mur-
jaya, Seismic velocity structure of the Jakarta Basin, Indonesia, using trans-
dimensional Bayesian inversion of horizontal-to-vertical spectral ratios, Geo-
physical Journal International 215 (2018) 431–449. doi: 10.1093/gji/ggy289.

[75] A. Fauzi, Geothermal resources and reserves in Indonesia: An updated revision,
Geothermal Energy Science 3 (2015) 1–6. doi: 10.5194/gtes-3-1-2015.

40

http://dx.doi.org/10.1016/j.renene.2021.05.128
http://dx.doi.org/10.1016/j.engeos.2023.100199
http://dx.doi.org/10.7186/bgsm20198607
http://dx.doi.org/10.7186/bgsm63201702
http://dx.doi.org/10.5281/ZENODO.4409310
http://dx.doi.org/10.1029/2021GC009812
https://www.researchgate.net/publication/353769129_An_Updated_Statistic_Evaluation_of_Drilling_Performance_Drilling_Cost_and_Well_Capacity_of_Geothermal_Fields_in_Indonesia
https://www.researchgate.net/publication/353769129_An_Updated_Statistic_Evaluation_of_Drilling_Performance_Drilling_Cost_and_Well_Capacity_of_Geothermal_Fields_in_Indonesia
https://www.researchgate.net/publication/353769129_An_Updated_Statistic_Evaluation_of_Drilling_Performance_Drilling_Cost_and_Well_Capacity_of_Geothermal_Fields_in_Indonesia
http://dx.doi.org/10.1016/j.rser.2017.06.096
http://www.jstor.org/stable/26427715
https://docslib.org/doc/8163307/geothermal-heat-flow-map-of-sumatra-indonesia-taylor-grysen-derek-gibson-and-kirsten-nicholson
https://docslib.org/doc/8163307/geothermal-heat-flow-map-of-sumatra-indonesia-taylor-grysen-derek-gibson-and-kirsten-nicholson
http://dx.doi.org/10.1093/gji/ggy289
http://dx.doi.org/10.5194/gtes-3-1-2015


[76] R. Febrianto, J. Bydder, A. Hochwimmer, G. Ussher, R. Libbey, Developing low
temperature Geothermal projects in Indonesia using pumped well technology,
IOP Conference Series: Earth and Environmental Science 254 (2019) 1–13. doi:
10.1088/1755-1315/254/1/012021.

[77] S. Frick, S. Kranz, G. Kupfermann, A. Saadat, E. Huenges, Making use
of geothermal brine in Indonesia: Binary demonstration power plant lahen-
dong/Pangolombian, Geothermal Energy 7 (2019) 1–19. doi: 10.1186/s40517-
019-0147-2.

[78] K. Erbas, M. S. Jaya, F. Deon, P. Jousset, R. Sule, S. Frick, E. Huenges,
D. Bruhn, German-Indonesian cooperation on sustainable geother-
mal energy development in Indonesia – Status and perspectives, in:
Proceedings World Geothermal Congress 2015, Melbourne, Australia,
2015, pp. 1–7. URL: http://gfzpublic.gfz-potsdam.de/pubman/item/escidoc:
1180893:4/component/escidoc:1180892/05005_Erbas%20et%20al._German-
Indonesian%20Cooperation.pdf.

[79] M. P. Hochstein, S. Sudarman, Indonesian volcanic geothermal systems, in:
Proceedings of the World Geothermal Congress 2015, 2015, pp. 1–11. URL:
https://pangea.stanford.edu/ERE/db/WGC/papers/WGC/2015/16006.pdf.

[80] M. T. Humaedi, Alfiady, A. P. Putra, R. Martikno, J. Situmorang, A comprehensive
well testing implementation during exploration phase in Rantau Dedap, Indone-
sia, IOP Conference Series: Earth and Environmental Science 42 (2016) 13.
doi: 10.1088/1755-1315/42/1/012010.

[81] H. Riogilang, R. Itoi, T. Tanaka, S. Jalilinasrabady, Natural state model of the
Kotamobagu geothermal system, North Sulawesi, Indonesia, GRC Transactions
36 (2012) 1299–1304. URL: https://publications.mygeoenergynow.org/grc/1030
399.pdf.

[82] H. S. Nugraha, R. M. Shoedarto, B. Sediyono, F. R. Aries, F. Perdana, An
update on thermal activities as geothermal direct utilisation in the western
part of Java, in: Proceedings of the International Indonesia Geothermal
Congress and Exhibition 2015, Jakarta, Indonesia, 2015, pp. 1–6. URL:
https://www.researchgate.net/publication/282504901_AN_UPDATE_ON_
THERMAL_ACTIVITIES_AS_GEOTHERMAL_DIRECT_UTILIZATION_IN_
THE_WESTERN_PART_OF_JAVA.

[83] T. Surana, J. P. Atmojo, Development of geothermal energy direct use in Indone-
sia, in: Proceedings World Geothermal Congress 2010, 2010, pp. 1–5. URL:
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2010/2824.pdf.

[84] International Renewable Energy Agency, Powering agri-food value chains
with geothermal heat: A guidebook for policy makers, IRENA, 2022. URL:
https://irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jun/IRENA_
Geothermal_Agri-food_Value_Chain_2022.pdf.

[85] F. Agung, Pemerintah siapkan strategi untuk kembangkan energi panas bumi,
Kontan (2022). URL: https://newssetup.kontan.co.id/news/pemerintah-siapkan-
strategi-untuk-kembangkan-energi-panas-bumi.

41

http://dx.doi.org/10.1088/1755-1315/254/1/012021
http://dx.doi.org/10.1186/s40517-019-0147-2
http://dx.doi.org/10.1186/s40517-019-0147-2
http://gfzpublic.gfz-potsdam.de/pubman/item/escidoc:1180893:4/component/escidoc:1180892/05005_Erbas%20et%20al._German-Indonesian%20Cooperation.pdf
http://gfzpublic.gfz-potsdam.de/pubman/item/escidoc:1180893:4/component/escidoc:1180892/05005_Erbas%20et%20al._German-Indonesian%20Cooperation.pdf
http://gfzpublic.gfz-potsdam.de/pubman/item/escidoc:1180893:4/component/escidoc:1180892/05005_Erbas%20et%20al._German-Indonesian%20Cooperation.pdf
https://pangea.stanford.edu/ERE/db/WGC/papers/WGC/2015/16006.pdf
http://dx.doi.org/10.1088/1755-1315/42/1/012010
https://publications.mygeoenergynow.org/grc/1030399.pdf
https://publications.mygeoenergynow.org/grc/1030399.pdf
https://www.researchgate.net/publication/282504901_AN_UPDATE_ON_THERMAL_ACTIVITIES_AS_GEOTHERMAL_DIRECT_UTILIZATION_IN_THE_WESTERN_PART_OF_JAVA
https://www.researchgate.net/publication/282504901_AN_UPDATE_ON_THERMAL_ACTIVITIES_AS_GEOTHERMAL_DIRECT_UTILIZATION_IN_THE_WESTERN_PART_OF_JAVA
https://www.researchgate.net/publication/282504901_AN_UPDATE_ON_THERMAL_ACTIVITIES_AS_GEOTHERMAL_DIRECT_UTILIZATION_IN_THE_WESTERN_PART_OF_JAVA
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2010/2824.pdf
https://irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jun/IRENA_Geothermal_Agri-food_Value_Chain_2022.pdf
https://irena.org/-/media/Files/IRENA/Agency/Publication/2022/Jun/IRENA_Geothermal_Agri-food_Value_Chain_2022.pdf
https://newssetup.kontan.co.id/news/pemerintah-siapkan-strategi-untuk-kembangkan-energi-panas-bumi
https://newssetup.kontan.co.id/news/pemerintah-siapkan-strategi-untuk-kembangkan-energi-panas-bumi


[86] D. K. Anggreta, G. R. Somantri, S. A. Purwanto, Study of student com-
munity movements against the development of a geothermal power plant in
Gunung Talang, The Journal of Society and Media 6 (2022) 62–83. doi:
10.26740/jsm.v6n1.p62-83.

[87] CNBC Indonesia, Jokowi gelar ‘karpet merah’ buat investor panas bumi, CNBC
(2022). URL: https://www.cnbcindonesia.com/news/20220915090153-4-37222
1/jokowi-gelar-karpet-merah-buat-investor-panas-bumi.

[88] K. Wakita, Geology and tectonics of Japanese islands: A review – The key to
understanding the geology of Asia, Geological Evolution of Asia 72 (2013) 75–
87. doi: 10.1016/j.jseaes.2012.04.014.

[89] T. Ishikawa, Geothermal fields in Japan considered from the geological and
petrological view point, Geothermics 2 (1970) 1205–1211. doi: 10.1016/0375-
6505(70)90433-5.

[90] H. Sakai, O. Matsubaya, Stable isotopic studies of Japanese geothermal sys-
tems, Geothermics 5 (1977) 97–124. doi: 10.1016/0375-6505(77)90014-1.

[91] H. Farabi-Asl, A. Chapman, K. Itaoka, Y. Noorollahi, Ground source heat pump
status and supportive energy policies in Japan, Energy Procedia 158 (2019)
3614–3619. doi: 10.1016/j.egypro.2019.01.902.

[92] Y. Isozaki, S. Maruyama, T. Nakama, S. Yamamoto, S. Yanai, Growth and
shrinkage of an active continental margin: Updated geotectonic history of the
Japanese Islands, Journal of Geography (Chigaku Zasshi) 120 (2011) 65–99.
doi: 10.5026/jgeography.120.65.

[93] A. Tanaka, M. Yamano, Y. Yano, M. Sasada, Geothermal gradient and
heat flow data in and around Japan (I): Appraisal of heat flow from geother-
mal gradient data, Earth, Planets and Space 56 (2004) 1191–1194. doi:
10.1186/BF03353339.

[94] H. Fuchino, Status of geothermal power generation in Japan, in: Proceed-
ings of the World Geothermal Congress 2000, Kyushu, Tohoku, Japan, 2000,
pp. 193–198. URL: https://www.geothermal-energy.org/pdf/IGAstandard/WGC/
2000/R0871.PDF.

[95] F. Taghizadeh-Hesary, A. Mortha, H. Farabi-Asl, T. Sarker, A. Chapman,
Y. Shigetomi, T. Fraser, Role of energy finance in geothermal power development
in Japan, International Review of Economics & Finance 70 (2020) 398–412. doi:
10.1016/j.iref.2020.06.011.

[96] K. Yasukawa, M. Sasada, Country update of Japan: Renewed opportunities,
in: Proceedings of the World Geothermal Congress 2015, Melbourne, Australia,
2015, pp. 1–6. URL: http://www.geothermal-energy.org/pdf/IGAstandard/WGC/
2015/01042.pdf.

[97] L. Qiu, L. He, Y. Kang, D. Liang, Assessment of the potential of enhanced geo-
thermal systems in Asia under the impact of global warming, Renewable Energy
194 (2022) 636–646. doi: 10.1016/j.renene.2022.05.130.

42

http://dx.doi.org/10.26740/jsm.v6n1.p62-83
https://www.cnbcindonesia.com/news/20220915090153-4-372221/jokowi-gelar-karpet-merah-buat-investor-panas-bumi
https://www.cnbcindonesia.com/news/20220915090153-4-372221/jokowi-gelar-karpet-merah-buat-investor-panas-bumi
http://dx.doi.org/10.1016/j.jseaes.2012.04.014
http://dx.doi.org/10.1016/0375-6505(70)90433-5
http://dx.doi.org/10.1016/0375-6505(70)90433-5
http://dx.doi.org/10.1016/0375-6505(77)90014-1
http://dx.doi.org/10.1016/j.egypro.2019.01.902
http://dx.doi.org/10.5026/jgeography.120.65
http://dx.doi.org/10.1186/BF03353339
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2000/R0871.PDF
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2000/R0871.PDF
http://dx.doi.org/10.1016/j.iref.2020.06.011
http://www.geothermal-energy.org/pdf/IGAstandard/WGC/2015/01042.pdf
http://www.geothermal-energy.org/pdf/IGAstandard/WGC/2015/01042.pdf
http://dx.doi.org/10.1016/j.renene.2022.05.130


[98] The Economist, Storm in a hot tub, The Economist (2012). URL: https://www.
economist.com/business/2012/04/07/storm-in-a-hot-tub.

[99] J. E. C. Hymans, Losing steam: Why does Japan produce so little geo-
thermal power?, Social Science Japan Journal 24 (2021) 45–65. doi:
10.1093/ssjj/jyaa040.

[100] J. E. C. Hymans, F. Uchikoshi, To drill or not to drill: Determinants of geothermal
energy project siting in Japan, Environmental Politics 31 (2022) 407–428. doi:
10.1080/09644016.2021.1918493.

[101] H. Kaieda, Lessons learned from the Ogachi and Hijiori HDR/EGS pro-
jects, Japan, in: Proceedings of the World Geothermal Congress 2020+1,
Reykjavik, Iceland, 2021, pp. 1–8. URL: http://www.geothermal-energy.org/pdf/
IGAstandard/WGC/2020/31073.pdf.

[102] World Energy Council, World energy resources: Geothermal, Tech.
Rep., World Energy Council, London, United Kingdom, 2013. URL:
https://www.worldenergy.org/assets/images/imported/2013/10/WEC_
Resources_summary-final_180314_TT.pdf.

[103] M. Katsuragi, Snow melting system using spring water from tunnel construction in
the mountain area of Japan, in: Proceedings of the World Geothermal Congress
2020+1, Reykjavik, Iceland, 2021, pp. 1–6. URL: http://www.geothermal-energy.
org/pdf/IGAstandard/WGC/2020/29007.pdf.

[104] Ministry of Economy, Trade and Industry, Green growth strategy through achiev-
ing carbon neutrality in 2050, Provisional translation, Ministry of Economy, Trade
and Industry, Japan, 2021. URL: https://www.meti.go.jp/english/policy/energy_
environment/global_warming/ggs2050/pdf/ggs_full_en1013.pdf.

[105] Nico Riyanto, Introduction of the Closed-Loop Technology for Geothermal Wells,
in: Proceedings of 8th Indonesia International Geothermal Convention, Indone-
sia, 2022, pp. 1–7. URL: https://www.vallourec.com/app/uploads/sites/2/2023/
10/Closed-Loop-Technology-Paper-IIGCE-2022.pdf.

[106] T. T. Khoo, B. K. Tan, Geological evolution of Peninsular Malaysia, in: Proceed-
ings of the 1983 Workshop on Stratigraphic Correlation of Thailand and Malaysia,
Haad Yai, Thailand, 1983, pp. 253–290. URL: https://gsmpubl.files.wordpress.
com/2014/10/sctm_15.pdf.

[107] S. A. Kasim, M. S. Ismail, A. M. Salim, Cenozoic stratigraphy, sedimen-
tation and tectonic setting, Onshore Peninsular Malaysia: A review, in:
Proceedings of the Third International Conference on Separation Technology
2020 (ICoST 2020), Atlantis Press, Johor, Malaysia, 2020, pp. 265–280. doi:
10.2991/aer.k.201229.035.

[108] I. Metcalfe, Gondwana dispersion and Asian accretion: Tectonic and palaeogeo-
graphic evolution of eastern Tethys, Journal of Asian Earth Sciences 66 (2013)
1–33. doi: 10.1016/j.jseaes.2012.12.020.

43

https://www.economist.com/business/2012/04/07/storm-in-a-hot-tub
https://www.economist.com/business/2012/04/07/storm-in-a-hot-tub
http://dx.doi.org/10.1093/ssjj/jyaa040
http://dx.doi.org/10.1080/09644016.2021.1918493
http://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/31073.pdf
http://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/31073.pdf
https://www.worldenergy.org/assets/images/imported/2013/10/WEC_Resources_summary-final_180314_TT.pdf
https://www.worldenergy.org/assets/images/imported/2013/10/WEC_Resources_summary-final_180314_TT.pdf
http://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/29007.pdf
http://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/29007.pdf
https://www.meti.go.jp/english/policy/energy_environment/global_warming/ggs2050/pdf/ggs_full_en1013.pdf
https://www.meti.go.jp/english/policy/energy_environment/global_warming/ggs2050/pdf/ggs_full_en1013.pdf
https://www.vallourec.com/app/uploads/sites/2/2023/10/Closed-Loop-Technology-Paper-IIGCE-2022.pdf
https://www.vallourec.com/app/uploads/sites/2/2023/10/Closed-Loop-Technology-Paper-IIGCE-2022.pdf
https://gsmpubl.files.wordpress.com/2014/10/sctm_15.pdf
https://gsmpubl.files.wordpress.com/2014/10/sctm_15.pdf
http://dx.doi.org/10.2991/aer.k.201229.035
http://dx.doi.org/10.1016/j.jseaes.2012.12.020


[109] P. C. Wang, S. Z. Li, L. L. Guo, S. H. Jiang, I. D. Somerville, S. J. Zhao, B. D.
Zhu, J. Chen, L. M. Dai, Y. H. Suo, B. Han, Mesozoic and Cenozoic accretionary
orogenic processes in Borneo and their mechanisms, Geological Journal 51
(2016) 464–489. doi: 10.1002/gj.2835.

[110] D. W. Loi, M. E. Raghunandan, V. Swamy, Revisiting seismic hazard assessment
for Peninsular Malaysia using deterministic and probabilistic approaches, Natural
Hazards and Earth System Sciences 18 (2018) 2387–2408. doi: 10.5194/nhess-
18-2387-2018.

[111] H. Baioumy, M. Nawawi, K. Wagner, M. H. Arifin, Geochemistry and
geothermometry of non-volcanic hot springs in West Malaysia, Jour-
nal of Volcanology and Geothermal Research 290 (2015) 12–22. doi:
10.1016/j.jvolgeores.2014.11.014.

[112] M. N. A. Anuar, M. H. Arifin, H. Baioumy, M. Nawawi, A geochemical comparison
between volcanic and non-volcanic hot springs from East Malaysia: Implications
for their origin and geothermometry, Journal of Asian Earth Sciences 217 (2021)
104843. doi: 10.1016/j.jseaes.2021.104843.

[113] G. C. Anukwu, A. E. Khalil, M. Nawawi, A. M. Younis, Delineation of shallow
structures in the vicinity of Ulu Slim hot spring using seismic refraction and MASW
techniques, NRIAG Journal of Astronomy and Geophysics 9 (2020) 7–15. doi:
10.1080/20909977.2019.1702803, publisher: Taylor & Francis.

[114] J. Lawless, Z. F. Hussien, J. Brotheridge, Country update: Geothermal develop-
ment in Malaysia, in: Proceedings World Geothermal Congress 2020+1, Reyk-
javik, Iceland, 2021, pp. 1–5. URL: https://pangea.stanford.edu/ERE/db/WGC/
papers/WGC/2020/01058.pdf.

[115] SEDA Malaysia, Malaysia Renewable Energy Roadmap: Pathway Towards Low
Carbon Energy System, Technical Report, Sustainable Energy Development
Authority (SEDA) Malaysia, Putrajaya, 2021. URL: https://www.seda.gov.my/
reportal/wp-content/uploads/2021/12/MyRER_webVer-1.pdf.

[116] P. Barnett, S. Mandagi, T. Iskander, Z. Abidin, A. Armaladoss, R. Raad, Explo-
ration and development of the Tawau Geothermal Project, Malaysia, in: Pro-
ceedings World Geothermal Congress 2015, Melbourne, Australia, 2015, pp.
1–9. URL: https://doczz.net/doc/5521781/exploration-and-development-of-the-
tawau-geothermal-project.

[117] M. Bataee, R. Carter, Z. Hamdi, Z. Bennour, H. K. B. Mahmud, A Feasibility Study
of Geothermal Energy Extraction in the Baram Basin, Sarawak Using Numerical
Reservoir Simulation Based on Analogue Data, in: Proceedings of the SPE
Offshore Europe Conference & Exhibition 2023, UK, 2023, p. D021S004R003.
doi: 10.2118/215554-MS.

[118] M. Madon, J. Jong, Geothermal gradient and heat flow maps of Offshore Ma-
laysia: Some updates and observations, Bulletin of the Geological Society of
Malaysia 71 (2021) 159–183. doi: 10.7186/bgsm71202114.

44

http://dx.doi.org/10.1002/gj.2835
http://dx.doi.org/10.5194/nhess-18-2387-2018
http://dx.doi.org/10.5194/nhess-18-2387-2018
http://dx.doi.org/10.1016/j.jvolgeores.2014.11.014
http://dx.doi.org/10.1016/j.jseaes.2021.104843
http://dx.doi.org/10.1080/20909977.2019.1702803
https://pangea.stanford.edu/ERE/db/WGC/papers/WGC/2020/01058.pdf
https://pangea.stanford.edu/ERE/db/WGC/papers/WGC/2020/01058.pdf
https://www.seda.gov.my/reportal/wp-content/uploads/2021/12/MyRER_webVer-1.pdf
https://www.seda.gov.my/reportal/wp-content/uploads/2021/12/MyRER_webVer-1.pdf
https://doczz.net/doc/5521781/exploration-and-development-of-the-tawau-geothermal-project
https://doczz.net/doc/5521781/exploration-and-development-of-the-tawau-geothermal-project
http://dx.doi.org/10.2118/215554-MS
http://dx.doi.org/10.7186/bgsm71202114


[119] Siti Nur Mas Erah Amran, Govt scraps country’s first geothermal power plant
project, New Straits Times (2018). URL: https://www.nst.com.my/news/nation/
2018/12/437953/govt-scraps-countrys-first-geothermal-power-plant-project.

[120] D. Roy, T. Chakraborty, D. Basu, B. Bhattacharjee, Feasibility and perfor-
mance of ground source heat pump systems for commercial applications in
tropical and subtropical climates, Renewable Energy 152 (2020) 467–483. doi:
10.1016/j.renene.2020.01.058.

[121] Economic Research Institute for ASEAN and East Asia, Assessment of Neces-
sary Innovations for Sustainable Use of Conventional and New-Type Geother-
mal Resources and their Benefits in East Asia, Research Project Report 2017
No. 07, Economic Research Institute for ASEAN and East Asia, 2018. URL:
https://www.eria.org/uploads/media/ERIA_RPR_2017_07.pdf.

[122] M. Economic Planning Unit, National Energy Policy 2022 – 2040, Techni-
cal Report, Economic Planning Unit, Prime Minister’s Department, Malay-
sia, 2022. URL: https://www.epu.gov.my/sites/default/files/2022-09/National_
Energy_Policy_2022-2040.pdf.

[123] C. Rangin, The Philippine mobile belt: A complex plate boundary, Orogenesis In
Action Tectonics and Processes at the West Equatorial Pacific Margin 6 (1991)
209–220. doi: 10.1016/0743-9547(91)90068-9.

[124] G. P. Yumul, C. B. Dimalanta, V. B. Maglambayan, E. J. Marquez, Tectonic set-
ting of a composite terrane: A review of the Philippine island arc system, Geo-
sciences Journal 12 (2008) 7. doi: 10.1007/s12303-008-0002-0.

[125] R. M. Halcon, A. D. Fronda, R. G. Reyes, An update on the Philippine geother-
mal resource estimates, in: Proceedings World Geothermal Congress 2020+1,
Reykjavik, Iceland, 2021, pp. 1–9. URL: http://www.geothermal-energy.org/pdf/
IGAstandard/WGC/2020/16022.pdf.

[126] A. Manzella, A. Allansdottir, A. Pellizzone (Eds.), Geothermal Energy and So-
ciety, volume 67 of Lecture Notes in Energy, Springer International Publishing,
Cham, 2019. doi: 10.1007/978-3-319-78286-7.

[127] A. G. Reyes, Petrology of Philippine geothermal systems and the application of
alteration mineralogy to their assessment, Journal of Volcanology and Geother-
mal Research 43 (1990) 279–309. doi: 10.1016/0377-0273(90)90057-M.

[128] M. A. Ratio, J. A. Gabo-Ratio, A. L. Tabios-Hillebrecht, The Philippine experience
in geothermal energy development, in: A. Manzella, A. Allansdottir, A. Pellizzone
(Eds.), Geothermal Energy and Society, volume 67, Springer International Pub-
lishing, Cham, 2019, pp. 217–238. doi: 10.1007/978-3-319-78286-7_14.

[129] R. T. Datuin, A. C. Troncales, Philippine geothermal resources: General
geological Setting and development, Geothermics 15 (1986) 613–622. doi:
10.1016/0375-6505(86)90072-6.

45

https://www.nst.com.my/news/nation/2018/12/437953/govt-scraps-countrys-first-geothermal-power-plant-project
https://www.nst.com.my/news/nation/2018/12/437953/govt-scraps-countrys-first-geothermal-power-plant-project
http://dx.doi.org/10.1016/j.renene.2020.01.058
https://www.eria.org/uploads/media/ERIA_RPR_2017_07.pdf
https://www.epu.gov.my/sites/default/files/2022-09/National_Energy_Policy_2022-2040.pdf
https://www.epu.gov.my/sites/default/files/2022-09/National_Energy_Policy_2022-2040.pdf
http://dx.doi.org/10.1016/0743-9547(91)90068-9
http://dx.doi.org/10.1007/s12303-008-0002-0
http://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/16022.pdf
http://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/16022.pdf
http://dx.doi.org/10.1007/978-3-319-78286-7
http://dx.doi.org/10.1016/0377-0273(90)90057-M
http://dx.doi.org/10.1007/978-3-319-78286-7_14
http://dx.doi.org/10.1016/0375-6505(86)90072-6


[130] R. M. Halcon, A. D. Fronda, R. A. Del Rosario Jr., J. C. Adajar, J. G.
Sayco, M. S. Pastor, N. B. Velasquez, Detailed resource assessment of
selected low-enthalpy geothermal areas in the Philippines, in: Proceedings
of the World Geothermal Congress 2015, Melbourne, Australia, 2015, pp.
1–11. URL: https://www.researchgate.net/profile/Rainier-Halcon/publication/
284486861_Detailed_Resource_Assessment_of_Selected_Low-Enthalpy_
Geothermal_Areas_in_the_Philippines/links/5cd2953aa6fdccc9dd93a9a7/
Detailed-Resource-Assessment-of-Selected-Low-Enthalpy-Geothermal-Areas-
in-the-Philippines.pdf.

[131] G. E. E. Dela Cruz III, M. C. E. Manuel PhD, Comparative analysis of Ormat and
Kalina Cycle for the geothermal resource in Mabini, Batangas using thermoe-
conomic analysis, IOP Conference Series: Materials Science and Engineering
1109 (2021) 012040. doi: 10.1088/1757-899X/1109/1/012040.

[132] Mitsubishi Heavy Industries, 29MW Binary Power Generation Project at EDC’s
Palayan Geothermal Power Plant, 2021. URL: https://www.mhi.com/news/210
203.html?style=preview.

[133] JGC Holdings Corporation, JGC Awarded Contract for Binary Geothermal Power
Generation Project in the Philippines, 2023. URL: https://www.jgc.com/en/news/
2023/20230803.html.

[134] Department of Energy Philippines, DOE Statement on Allowing Foreign Investors
100% Ownership of Large-scale Geothermal Projects _ Department of Energy
Philippines, 2020. URL: https://www.doe.gov.ph/press-releases/doe-statement-
allowing-foreign-investors-100-ownership-large-scale-geothermal-0.

[135] C. S. Ho, A synthesis of the geologic evolution of Taiwan, Tectonophysics 125
(1986) 1–16. doi: 10.1016/0040-1951(86)90004-1.

[136] B. M. Jahn, F. Martineau, J. J. Peucat, J. Cornichet, Geology of the Tanano
Schist Complex, Taiwan, and its regional tectonic significance, Tectonophysics
125 (1986) 103–124. doi: 10.1016/0040-1951(86)90009-0.

[137] Y.-H. Lee, C.-C. Chen, T.-K. Liu, H.-C. Ho, H.-Y. Lu, W. Lo, Mountain building
mechanisms in the Southern Central Range of the Taiwan Orogenic Belt — From
accretionary wedge deformation to arc–continental collision, Earth and Planetary
Science Letters 252 (2006) 413–422. doi: 10.1016/j.epsl.2006.09.047.

[138] J. Suppe, J. Namson, Fault-bend origin of frontal folds of the Western Tai-
wan Fold-and-Thrust Belt, Petroleum Geology of Taiwan 16 (1979) 1–18.
URL: https://www.buchfreund.de/de/d/p/86176140/fault-bend-origin-of-frontal-
folds-the-western.

[139] S.-R. Song, The geothermal potential, current and opportunity in Taiwan, in:
Geophysical Research Abstracts, volume 18, EGU, Vienna, Austria, 2016, p. 1.
URL: https://meetingorganizer.copernicus.org/EGU2016/EGU2016-3376.pdf.

[140] S.-Y. Pan, M. Gao, K. J. Shah, J. Zheng, S.-L. Pei, P.-C. Chiang, Establish-
ment of enhanced geothermal energy utilization plans: Barriers and strategies,
Renewable Energy 132 (2019) 19–32. doi: 10.1016/j.renene.2018.07.126.

46

https://www.researchgate.net/profile/Rainier-Halcon/publication/284486861_Detailed_Resource_Assessment_of_Selected_Low-Enthalpy_Geothermal_Areas_in_the_Philippines/links/5cd2953aa6fdccc9dd93a9a7/Detailed-Resource-Assessment-of-Selected-Low-Enthalpy-Geothermal-Areas-in-the-Philippines.pdf
https://www.researchgate.net/profile/Rainier-Halcon/publication/284486861_Detailed_Resource_Assessment_of_Selected_Low-Enthalpy_Geothermal_Areas_in_the_Philippines/links/5cd2953aa6fdccc9dd93a9a7/Detailed-Resource-Assessment-of-Selected-Low-Enthalpy-Geothermal-Areas-in-the-Philippines.pdf
https://www.researchgate.net/profile/Rainier-Halcon/publication/284486861_Detailed_Resource_Assessment_of_Selected_Low-Enthalpy_Geothermal_Areas_in_the_Philippines/links/5cd2953aa6fdccc9dd93a9a7/Detailed-Resource-Assessment-of-Selected-Low-Enthalpy-Geothermal-Areas-in-the-Philippines.pdf
https://www.researchgate.net/profile/Rainier-Halcon/publication/284486861_Detailed_Resource_Assessment_of_Selected_Low-Enthalpy_Geothermal_Areas_in_the_Philippines/links/5cd2953aa6fdccc9dd93a9a7/Detailed-Resource-Assessment-of-Selected-Low-Enthalpy-Geothermal-Areas-in-the-Philippines.pdf
https://www.researchgate.net/profile/Rainier-Halcon/publication/284486861_Detailed_Resource_Assessment_of_Selected_Low-Enthalpy_Geothermal_Areas_in_the_Philippines/links/5cd2953aa6fdccc9dd93a9a7/Detailed-Resource-Assessment-of-Selected-Low-Enthalpy-Geothermal-Areas-in-the-Philippines.pdf
http://dx.doi.org/10.1088/1757-899X/1109/1/012040
https://www.mhi.com/news/210203.html?style=preview
https://www.mhi.com/news/210203.html?style=preview
https://www.jgc.com/en/news/2023/20230803.html
https://www.jgc.com/en/news/2023/20230803.html
https://www.doe.gov.ph/press-releases/doe-statement-allowing-foreign-investors-100-ownership-large-scale-geothermal-0
https://www.doe.gov.ph/press-releases/doe-statement-allowing-foreign-investors-100-ownership-large-scale-geothermal-0
http://dx.doi.org/10.1016/0040-1951(86)90004-1
http://dx.doi.org/10.1016/0040-1951(86)90009-0
http://dx.doi.org/10.1016/j.epsl.2006.09.047
https://www.buchfreund.de/de/d/p/86176140/fault-bend-origin-of-frontal-folds-the-western
https://www.buchfreund.de/de/d/p/86176140/fault-bend-origin-of-frontal-folds-the-western
https://meetingorganizer.copernicus.org/EGU2016/EGU2016-3376.pdf
http://dx.doi.org/10.1016/j.renene.2018.07.126


[141] P. Dobson, E. Gasperikova, N. Spycher, N. J. Lindsey, T. R. Guo, W. S. Chen,
C. H. Liu, C.-J. Wang, S.-N. Chen, A. P. G. Fowler, Conceptual model of
the Tatun geothermal system, Taiwan, Geothermics 74 (2018) 273–297. doi:
10.1016/j.geothermics.2018.01.001.

[142] F. Chen, S.-M. Lu, Y.-L. Chang, Renewable energy in Taiwan: Its
developing status and strategy, Energy 32 (2007) 1634–1646. doi:
10.1016/j.energy.2006.12.007.

[143] S.-R. Song, Y.-C. Lu, Geothermal Energy Research Teams of NTU, Current
Developments of the Geothermal Energy in Taiwan, in: Proceedings World
Geothermal Congress 2020+1, Reykjavik, Iceland, 2021, p. 6. URL: https://www.
geothermal-energy.org/pdf/IGAstandard/WGC/2020/01070.pdf.

[144] C. Wang, W. Lo, S.-R. Song, M.-Y. Wu, Geothermal energy development
roadmap of Taiwan by play fairway analysis, Geothermics 97 (2021) 102242.
doi: 10.1016/j.geothermics.2021.102242.

[145] N.-T. Yu, J.-Y. Yen, I.-C. Yen, K. Hirakawa, C.-M. Chuang, Tsunami de-
posits and recurrence on a typhoon-prone coast of northern Taiwan from
the last millennium, Quaternary Science Reviews 245 (2020) 106488. doi:
10.1016/j.quascirev.2020.106488.

[146] P. Kearey, W. HongBing, Geothermal fields of China, Journal of Volcanology and
Geothermal Research 56 (1993) 415–428. doi: 10.1016/0377-0273(93)90006-
D.

[147] Y. Song, T. J. Lee, 2021 Republic of Korea Country Report, Tech-
nical Report, IEA Geothermal, 2022. URL: https://drive.google.com/file/d/
16xbYNR6kih6y6kUXNtj9QGcPE46-qQ1z/view.

[148] K. Zhang, B.-H. Lee, L. Ling, T.-R. Guo, C.-H. Liu, S. Ouyang, Modeling studies
for production potential of Chingshui geothermal reservoir, Renewable Energy
94 (2016) 568–578. doi: 10.1016/j.renene.2016.03.099.

[149] K. C. Fan, M. C. T. Kuo, K. F. Liang, C. Shu Lee, S. C. Chiang, Interpretation of
a well interference test at the Chingshui geothermal field, Taiwan, Geothermics
34 (2005) 99–118. doi: 10.1016/j.geothermics.2004.11.003.

[150] M.-L. Mao, Y.-K. Chan, Geothermal energy potential in Taiwan, in: Proceedings,
Thirty-First Workshop on Geothermal Reservoir Engineering, Standford, Cali-
fornia, 2006, pp. 1–8. URL: https://pangea.stanford.edu/ERE/pdf/IGAstandard/
SGW/2006/mao.pdf.

[151] Staff writer, Geothermal power plant hits 38 million kWh mark - Taipei Times,
Taipei Times (2023) 2. URL: https://www.taipeitimes.com/News/biz/archives/20
23/09/11/2003806039.

[152] A. Oung, Geothermal plant in Yilan to come online this month – Taipei Times,
Taipei Times (2021) 12. URL: https://www.taipeitimes.com/News/biz/archives/
2021/09/22/2003764755.

47

http://dx.doi.org/10.1016/j.geothermics.2018.01.001
http://dx.doi.org/10.1016/j.energy.2006.12.007
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/01070.pdf
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/01070.pdf
http://dx.doi.org/10.1016/j.geothermics.2021.102242
http://dx.doi.org/10.1016/j.quascirev.2020.106488
http://dx.doi.org/10.1016/0377-0273(93)90006-D
http://dx.doi.org/10.1016/0377-0273(93)90006-D
https://drive.google.com/file/d/16xbYNR6kih6y6kUXNtj9QGcPE46-qQ1z/view
https://drive.google.com/file/d/16xbYNR6kih6y6kUXNtj9QGcPE46-qQ1z/view
http://dx.doi.org/10.1016/j.renene.2016.03.099
http://dx.doi.org/10.1016/j.geothermics.2004.11.003
https://pangea.stanford.edu/ERE/pdf/IGAstandard/SGW/2006/mao.pdf
https://pangea.stanford.edu/ERE/pdf/IGAstandard/SGW/2006/mao.pdf
https://www.taipeitimes.com/News/biz/archives/2023/09/11/2003806039
https://www.taipeitimes.com/News/biz/archives/2023/09/11/2003806039
https://www.taipeitimes.com/News/biz/archives/2021/09/22/2003764755
https://www.taipeitimes.com/News/biz/archives/2021/09/22/2003764755


[153] National Development Council, Phased goals and actions toward net-
zero transition, 2022. URL: https://ws.ndc.gov.tw/Download.ashx?u=
LzAwMS9hZG1pbmlzdHJhdG9yLzExL3JlbGZpbGUvMC8xNTA0Ni82Y2
FlMzJiNS03ZTRlLTQzNjAtYjkyZS0zZmVjM2RiY2IzZDkucGRm&n=UGhhc2
VkIEdvYWxzIGFuZCBBY3Rpb25zIFRvd2FyZCBOZXQtWmVybyBUcmFuc2l0
aW9uLnBkZg%3d%3d&icon=.pdf.

[154] Ormat Technologies Inc., Ormat supports Taiwan geothermal development,
2022. URL: https://www.ormat.com/en/company/news/view/?ContentID=9212.

[155] GreenFire Energy Inc., GreenFire Energy Inc., Taiteck Co., Ltd, and Taiwan
Power Company Enter Into an MOU to Develop Geothermal Projects - GreenFire
Energy Inc., 2023. URL: https://www.greenfireenergy.com/taipower-mou/.

[156] Institute of Geological and Nuclear Sciences Limited, Geothermal partner-
ship to secure Taiwan’s energy future - GNS Science | Te Pū Ao, 2024.
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