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ABSTRACT 

In an attempt to achieve a national target of geothermal energy development, it is crucial to have all geothermal exploration projects 

run as per schedule. However, as an archipelago nation, Indonesia faces wide ranges of challenges in developing geothermal energy, 

especially those located in Eastern Indonesia. The lack of infrastructure development and the connection between the main islands 

are the main challenges. Another challenge is that most of Indonesia's geothermal prospects are associated with volcanic activities 

and lies in high-relief terrain, creating many geohazards. Moreover, other typical challenges such as community rejection, regulation, 

and environmental issues make it more difficult for any developer to run a geothermal exploration project in Eastern Indonesia, 

especially constructing the drilling infrastructures.  

This study aims to summarize several potential challenges that are most likely will be encountered by the geothermal developer in 

constructing drilling infrastructure during the exploration phase in Eastern Indonesia and several mitigation options based on the 

literature review and the author's experiences.  

1. INTRODUCTION 

1.1 Electricity and Geothermal Energy in Indonesia 

Indonesia is facing a huge electricity demand challenge (PWC, 2018; Soegianto, 2018). However, existing infrastructure is 

insufficient to meet the entire current demand before considering growth in the coming decade. In terms of access to the grid, the 

electrification ratio in the western and eastern parts of the country, where the eastern part of the country is as low as 59.84% (NTT). 

The low electrification ratio in NTT (East Nusa Tenggara) is contradictory to the fact that this province has high geothermal energy 

potential (Figure 1). 

 

Figure 1: Map of geothermal area prospect in Indonesia (EBTKE, 2017a) 

As an archipelago nation, the availability of affordable off-grid solutions is a key driver in increasing electrification rates in rural 

areas. As a nation with several islands, Indonesia makes it challenging to supply affordable electricity to certain areas (PWC, 2018). 
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At present, the islands in the eastern part of Indonesia are experiencing an increase in electricity demand, where geothermal power 

plants are a very promising alternative solution because they are local and available in sufficient quantities. Unfortunately, these 

geothermal energy potentials have not yet been utilized optimally by Indonesia. For example, from the demand side, Flores Island in 

East Nusa Tenggara province, in the last 5 years, has an average economic growth of around 5.3% per year (ESDM, 2017). East Nusa 

Tenggara has various types of natural resources, such as the manganese mine on Timor Island and the developing fisheries and 

tourism sectors, where various sectors have the potential to increase electricity demand. In addition, the sale of PLN electricity in the 

region has increased by around 12.5% per year in the last 5 years, where most of the electricity demand came from the housing sector, 

which consumed around 58.64% of total electricity. Based on these conditions, PLN projects that electricity demand in the province 

will increase by about 8.9% per year in the next decade (ESDM, 2017). 

On the contrary, from the supply side, the electricity supply in East Nusa Tenggara is still insufficient, one of which is due to the 

delayed construction of power and transmission projects. One of the supposed causes is a logistic problem that leads to difficulty in 

sending tools, material, and equipment to eastern Indonesia. It also leads to the increasing cost of geothermal energy development 

projects in the eastern part of Indonesia. This logistic problem is often associated with the infrastructure condition, which will be 

discussed in the following sub-chapters. 

To put the problem in a bigger picture, geothermal energy, as one of the primary energy sources in the renewable energy category, 

has not been developed in the most optimal way in this country. Since the first geothermal power plant, Kamojang-1, was inaugurated 

in 1983, Indonesia has only succeeded in utilizing geothermal energy around 9% of the total national potential (Figure 2). The authors 

believe that it is paramount for Indonesia to accelerate the exploration phase in all identified geothermal prospect area in order to 

achieve this national target. Therefore, investors or potential investors must understand the various challenges that will be faced when 

conducting a geothermal exploration project in the eastern part of Indonesia. 

 
 

Figure 2: History and target of geothermal energy development in Indonesia (Purba et al., 2020; MEMR, 2017) 

1.2. Drilling as the Most Critical Activity in the Exploration Phase 

Drilling in the exploration phase is truth-revealing activity and gains the real and most detailed subsurface condition since the earlier 

model is based on geoscientist interpretation. All conceptual models from preliminary exploration activity such as geological, 

geochemical, and geophysical survey will be tested and updated by drilling result. In short, exploration drilling activity is crucial in 

risk reduction due to the enhancement of understanding subsurface characteristics.  

To be able to carry out these drilling activities,  the geothermal company must prepare the supporting infrastructure, especially for 

the needs of mobilizing drilling equipment, tools, and materials first. Therefore, this study aims to summarize several potential 

challenges that most likely will be encountered by the geothermal developer in the construction of drilling infrastructure in Eastern 

Indonesia during the exploration phase. The summary also discusses several mitigation options, based on the literature review and 

the author's experiences. 

2. EXPLORATION DRILLING 

2.1. Exploration Objectives 

This phase starts with large to medium scale data from a 3G surveys and is followed by a detailed scale from exploration drilling 

activities. Those all exploration activities have a target to get more viable data and validate each other in order to understand the 

subsurface condition. Exploration drilling will be conducted until the model is considered to represent the subsurface condition 

sufficiently and indicate an economic resource viable down there. So, the main objective of exploration drilling is to prove the 

existence of geothermal economic resources, which are assessed from several parameters. While in a development phase, the primary 

target of development drilling is to exploit the geothermal resource to generate powers. 
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2.2. Well Types in Geothermal 

In Indonesia, there are four types of well often used by geothermal developers in the exploration phase (Figure 3). Purba D. P., 

Adityatama, Umam, & Muhammad in 2019 have discussed the comparison between the applications of these four wells. One of the 

paper's key takeaways is the bigger the drilling rig, the more drilling infrastructure needs to be prepared. This is the main reason why 

it is important to understand the exploration objectives and the potential challenges prior to deciding on choosing the exploration well 

type, which directly impacts the drilling infrastructure effort at the beginning of the project.  

 

Figure 3: Illustration of typical well schematic commonly used in geothermal exploration (modified from (Purba D. P., 

Adityatama, Umam, & Muhammad, 2019)) 

2.3 Drilling Infrastructures 

Before jumping into the various challenges associated with the construction of drilling infrastructure, this paper will first discuss the 

various facilities commonly required to support exploration drilling projects in Indonesia. 

2.3.1 Access road 

The access road is one of the most important components in any energy development project. Land acquisition at the beginning of 

the project is generally focused on opening road access from existing roads, usually built by the government, to the area of interest 

where drilling will be conducted, which is often called a drilling pad or well pad. 

In general, the width of land required for access roads in geothermal projects ranges from 8 to 15 meters that might cover access 

roads and streamline. The minimum width of 8 meters is based on 6 meters for the road body and 2 meters for drainage construction 

on both sides of the road. This road width must accommodate heavy equipment mobility such as trucks, cranes, grader, etc. The 

standard width for trucks is about 2 - 3 meters for low bed and high bed trailer. If considering the need for future steam pipe 

construction, then the cleared land may reach a width of 15 meters. Another aspect that should be considered is the road strength 

since drilling equipment has massive tonnage that can affect the road condition. Table 1 has summarized the road classification based 

on Indonesia Regulation UU no.22/2009. The road requirement for drilling rig mobilization will be discussed in detail in the next 

chapter.  

Drilling activity involved large amounts of equipment with various dimensions and tonnage. For example, the draw work and mud 

pump could reach 30 - 35 tons of each other carried by truck and use two cranes with 50-ton capacity in total for loading and unloading 

process. These examples, only two of a hundred rig loads of geothermal drilling depend on the requirement and drilling plan. This 

aspect must be considered to prepare the infrastructure availability during mobilization, such as port, road, and bridge capacity 

requirements.  

Table 1: Road and bridge classification 

Indonesian Road Classification (UU No 22/2009)  Indonesian Bridge Classification 

Class 

Maximum Dimension (m) Maximum 
Tonnage per 

axis 

 

Class Maximum Width (m 
Maximum Tonnage 

(%) Vehicle 
Length 

Vehicle 
Width 

Vehicle 
Height 

 

Class I 18 2.5 4.2 10  A 7 100 

Class II 12 2.5 4.2 8  B 6 100 

Class III 9 2.1 3.5 8  C 3.5 70 

 

2.3.2 Well pad 

Well pad or drilling site (Figure 4) is one of the major infrastructure components since it facilitates the wells as the main asset in 

geothermal development projects. The area of land needed for the well pad depends on the type of well to be constructed. The total 

depth and well diameter will affect the type of drilling rig used and ultimately affect the required well pad area. For geothermal wells, 

we also have to consider space for water ponds that could provide high water demand during drilling due to the High Temperature 

and High Pressure (HTHP) zone. Well location also at least 100 meters from housings, roads, and public construction (BSN, 2002). 

In comparison, between the size and layout of the typical well pad, both types of exploration wells are also shown in Figure 4. 
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Figure 4: Left: construction of a drilling pad or well pad in one of the geothermal areas in the eastern part of Indonesia 

(Umam et al., 2019). Middle: well pad footprint size of slim hole well. Right: well pad footprint size of the standard hole 

(right) ( (Purba D. P., Adityatama, Umam, & Muhammad, 2019) 

2.3.3.  Basecamp, Warehouse, and Site office    

In the early stages of a geothermal project, the basecamp, warehouse, and site office (Figure 5), should be integrated into one location 

to facilitate monitoring and communication among personnel. Basecamp is an area for living facilities consisting of containers 

equipped with beds and bathrooms for site personnel from outside the region. 

A warehouse is used for storage of all drilling materials such as casing, liner, wellhead, cementing material, drilling fluid material. 

In contrast, a site office is a working space established near the project site. 

The area of land required for basecamp, warehouse, and site office depends mainly on: 

• The number of drilling rigs operated - the more rig is operating in the same period, the higher the number of personnel to be 

facilitated so that the basecamp area will also increase. 

• The stock of drilling materials, especially casings to avoid downtime due to wait-on-material. The higher number of casing stock 

stored in the warehouse, the wider basecamp is required.  

    

Figure 5: Photos of basecamp, warehouse, site office, and casing storage area in one of the geothermal exploration projects 

in Indonesia 

2.3.4. Staging Area 

This facility is used as temporary storage of various materials used for well construction or drilling operation. Usually, the staging 

area location is selected in the flat area between the well pad and the basecamp closer to the well pad than the basecamp. The area of 

land needed for the staging area is usually much smaller than the basecamp and well pad area, which ranges between 1,000-5,000 

m2.      

Some of the expected benefits of a staging area are: 

• Minimize well pad area, that can be optimized for drilling equipment and materials to be used within 1-2 days ahead only. Other 

materials that will not be used in 2 days can be stored in the staging area. 

• Reduce the risk of downtime or non-productive time (NPT) due to wait-on-material. Often basecamps, warehouses, and site 

offices are located close to the city center or seaport.  



Purba et al. 

5 

 

2.3.5. Soil Disposal Site    

Indonesia's geothermal systems are typically located in high-relief terrain and are associated with volcanic activities (Utami, 2010). 

This condition often makes earthwork on a site more difficult to achieve a cut-to-fill balance, as shown in Figure 7. It is likely that 

more soil or dirt will be unused and require a facility or site to dump the excess dirt. 

2.3.6. Drilling Water Supply 

Unlike oil and gas, drilling a deep well in a geothermal environment requires a significant amount of water supply during its operation, 

1.000-1,500 gallon per minute (GPM) in specific. The freshwater is used as drilling fluid circulated from the surface to the bottom 

hole and back to the surface while lifting the drill cuttings/soil from the bottom. This water is also required to be available onsite to 

anticipate steam kick or well control issues during drilling. The significant amount of water required is due to geothermal drilling 

aimed for faults and fractures that cause loss circulation during drilling, which means the water pumped down from surface to bottom 

will disappear to the lost circulation zone and not go back to the surface.  

Unfortunately, finding water in volcanic areas is not an easy task, especially in most parts of eastern Indonesia. Furthermore, the 

freshwater available in the geothermal area is usually already consumed by the local villagers on a daily basis, meaning geothermal 

developers may only be able to take small amounts of the remaining water that is usually not adequate to support the drilling operation.  

This kind of situation will force geothermal developers or drilling contractors to look for other water sources that might be located 

far from the drilling site and many times in the form of acidic water (pH 2-5). Based on the author's experiences, in East Nusa 

Tenggara (NTT), there is one example where geothermal developers need to construct a water pipeline as long as 13 kilometers with 

4 staging areas to get 1,000-1,200 GPM of acidic water with pH 2-3. This pH level is due to the near freshwater source already 

consumed by the local villagers and farmers for domestic use and plantation.   

3. DRILLING INFRASTRUCTURE CHALLENGES IN EASTERN PART OF INDONESIA 

3.1 Archipelago Country 

Indonesia is an archipelago consisting of approximately 17,000 islands where the land area reaches 1,811,569 km2 and the ocean 

area reaches 93,000 km2, stretching from the island of Sabang in the west to Merauke in the east. Geothermal resources owned by 

Indonesia spread from the Weh island in Aceh province to the Maluku islands and Flores in the eastern part of Indonesia (Figure 1). 

In 2010, Indonesia's logistic performance was rank 75 of 155 countries and eastern Indonesia's logistic cost is 50 – 60% higher than 

western Indonesia (Zamana, Vanany, & Awaluddin, 2014). This condition will significantly impact geothermal development in 

provinces that have potential geothermal spread over several islands like Maluku and North Maluku Province (Figure 6). The limited 

option of equipment transport and port capacity-facility does not meet with equipment standard handling procedures. It will create 

logistic and equipment deliverability with high cost and long shipping time. 

 

Figure 6: Eastern Indonesia geothermal area and existing supporting facilities 

The Government of Indonesia allocated 1000 billion IDR to PT Pelabuhan Indonesia III for a port, commodity service, and passenger 

terminal construction by sea accessibility of eastern Indonesia development program (PWC, 2016). Unfortunately, PT Pelabuhan 

Indonesia III's working area only covers Kalimantan, Java (Central and East), Bali, East Nusa Tenggara, and West Nusa Tenggara. 

In comparison, other areas that are located in eastern Indonesia, such as Sulawesi, Maluku, and Papua are part of PT Pelabuhan 

Indonesia IV (Pelindo IV, 2016).  
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3.2 High-relief Terrain Combined with Unstable Ground 

Indonesia's geothermal systems are mostly located along high-relief volcanic arcs and are generally identified through surface 

manifestations that emit water or steam at boiling temperatures at ground level (Hochstein & Sudarman, 2015). These locations 

provide challenges for geothermal development companies considering that volcanic areas generally have steep slope land and are 

filled with a variety of hard but unconsolidated volcanic rocks such as pyroclastic and lava. In addition, volcanic areas in Indonesia 

are often filled with hydrothermal alteration areas that have the potential danger of H2S gas and hydrothermal eruptions.  

In general, mountain slopes are also filled with fragile and unconsolidated pyroclastic rock layers making it difficult to accommodate 

transportation traffic for transporting heavy equipment before, during, and after drilling activities. Utami (2010) describes in detail 

the various challenges that will be faced when doing civil works in geothermal areas in Indonesia due to the unique characteristics of 

volcanic areas where heat, rocks, and liquids interact dynamically, naturally, and actively (Figure 7). 

   

Figure 7: Left: Simplified diagram of the geothermal system in high-relief terrain such as Indonesia (Utami, 2010). Right: 

Installation of gabion wall in a well pad to anticipate the landslide caused by the slope. 

Surface instability in geothermal areas is mainly caused by the flow of hot water or steam from the subsurface, generally, as surface 

manifestations, which over a long period can cause soil and rocks to change due to heat exposure. Utami (2010) also describes various 

surface manifestations that can be steaming cliffs, fumaroles, gas vent, hot mud pool, steaming ground, collapse crater, hot springs, 

and warm pool. 

The upflow area of the geothermal system is also influenced by argillic and advanced argillic alteration, which causes secondary 

minerals in the form of clay minerals such as illite, smectite, and montmorillonite with acidic conditions. The existence of alteration 

causes a decrease in rock strength and swelling in the rock. In general, altered rocks become loose and have higher water content but 

will disintegrate when evaporation or drying occurs. This rock is susceptible to further weathering (Zhang & Guo, 2011). The higher 

alteration intensity will create lower rock mass quality (Eggers, 2016), which causes the soil to become brittle and vulnerable to loose 

soil. In addition, the occurrence of expansive soil due to clay mineral content in the soil has the potential to cause damage to the 

access road, weaken foundations and building structures due to movement, and changes in the volume of the soil (Zumrawi, 

Abdelmarouf, & Gameil, 2017). 

   

Figure 8: Terrain Condition at one of geothermal area in eastern Indonesia (red line: road, dash area: facility)  
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Unlike petroleum fields, which are generally located in the lowlands and close to the oceans, well pads for geothermal projects in 

Indonesia are often located on slopes up to 25%, as shown in Figure 7 and Figure 8, also associated with activities volcanic and 

hydrothermal, as previously described in Figure 4. This makes the investment or the cost of civil works in a geothermal drilling 

project bigger in order to achieve adequate stability for the safety of all drilling equipment that will sit in the well pad. 

The cut-and-fill method is usually used where half of the drilling site to be constructed is filled with filler material or soil material to 

compensate for the excavated area so that a flat surface is formed. In addition, the construction of an adequate drainage system must 

be made to provide a way for rainwater to minimize the potential of landslides. Another method commonly used in the construction 

of drill sites in geothermal areas is the manufacture of gabion walls or retaining walls (Figure ), aiming to maintain slope stability 

(Barrios et al., 2011). 

Indonesia's geothermal conditions in the high-relief terrain create difficulties in finding a flat surface area to construct a drilling well 

pad and access road, as shown by Figure . Often, well pads for drilling are located far from the target reservoir, making the drilling 

engineer design a high-angle well trajectory. 

This steep slope condition also creates difficulties to build a straight and flat road. Figure 9 shows an example of the profile of a 

tortuous road in one of the geothermal prospects in Indonesia that create difficulties in the process of mobilizing drilling equipment 

to the drilling location. 

   

Figure 9: Aerial photography from two of the road segments that provide access to a geothermal prospect area in eastern 

Indonesia (Purba, 2018d) 

3.3 Lack of Existing Infrastructures 

The problem of equipment inter-island mobilization in Indonesia is strongly influenced by infrastructure conditions such as road 

access, transportation modes, and high-voltage electricity networks that will be used to drain electricity that will be produced by 

PLTP. The uneven distribution of infrastructure in Indonesia is most likely due to Java's concentration development that has occurred 

from the Dutch era. Figure 10 shows the road infrastructure condition in one area of the geothermal prospect in eastern Indonesia that 

has not yet received adequate treatment, causing transportation difficulties. 

   

Figure 6: Access road conditions to one of the locations of geothermal prospects in eastern Indonesia that have the potential 

for landslides during rain and endanger road users (left) (Purba, 2018c; Purba, 2018d). Photo shows a car stucked in a road 

to a geothermal drilling location in one of geothermal prospect areas in Eastern Indonesia (right). 

Sandee (2016) emphasizes that the main problem facing archipelagic countries such as Indonesia is inter-island connectivity, which 

directly affects domestic shipping costs. Sandee also mentioned that Indonesia's low level of investment in physical infrastructures 

such as roads and bridges has significantly contributed to connectivity problems in Indonesia. Transportation, congestion, and poor 

road quality problems are some of the worst business constraints. 
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In addition to the low investment level, difficulties in land acquisition in various Indonesian regions contribute to the slow 

development of infrastructure. Pisu (2010) states that the procedure for land acquisition for infrastructure projects in Indonesia is still 

complicated and has significantly hampered the expansion of road networks. 

Also, Indonesia's geothermal prospects are generally located in mountainous forest areas, most of which are located far from the main 

road access, both provincial and district roads, making it difficult to carry out mobilization activities for drilling equipment. Moreover, 

geothermal drilling equipment mobilizations using the low bed / high bed truck require class 1 road type to accommodate the 

dimension and tonnage according to UU No 2/2009 (Tabel 2). Unfortunately, this road class is mostly only provided by the 

government in trans provinces or urban areas. For mountainous and remote areas, access road often provides only by the local 

community with limited specifications without preliminary technical design. 

Table 2: Road and bridge requirement as per drilling rig equipment dimension and weight 

Drilling Rig 
Equipment 

Dimension (m) 
Tonnage 

Road 
Requirement 

Bridge 
Requirement 

Length Width Height 

Draw works 11 - 12* 2.7 - 3* 1.5 30 - 35 

Class II - I Class B - A 

Mud Pump 11 - 12* 2.7 - 3* 1.5 30 - 35 

Prime mover 6.5 2 3.2 8.8 - 9.2 

High bed trailer 12 2.7 1.4 6 - 7.5 

Low bed trailer 11 3 0.9 3.8 - 4 

 

The higher the logistics costs and the mobilization of equipment, the higher the cost of geothermal development projects, which can 

make an investment in this sector more unattractive than other energy sectors such as coal, hydropower, or oil and gas. 

3.4 Land Acquisition Issues 

In conjunction with the previous discussion, most of the time, the local community's flat areas are already utilized for farming or 

housing. The process of compensating for a family's livelihood in rural areas in Indonesia is often not easy, especially if the land is 

the only asset they possessed. It is common in Indonesia's volcanic areas; the local people use flat areas of land for plantations or rice 

paddy. 

The mitigation option is to allow enough time for the landowner to pass through the transition period from one source of livelihood 

to another. The negotiation process will usually be difficult if the land buyer (geothermal developer or local government) imposes a 

tight schedule for the landowner to move immediately from the land they have worked on for years. 

Additionally, Pisu (2010) mentioned that the procedure for land acquisition for infrastructure projects in Indonesia is still complicated 

and has significantly hampered the expansion of road networks. Although Pisu does not directly refer specifically to infrastructure 

projects related to geothermal energy, geothermal projects also occur. The process of land acquisition for geothermal projects is 

generally carried out by development companies in collaboration with local governments. 

One of the main reasons local people are unwilling to sell their land is that landowners do not yet trust the geothermal developer and 

are afraid of being deceived by the company's offers. Another reason is the lack of understanding of the landowners on real estate 

buying and selling mechanisms because they have no experience at all in land transactions. 

Another reason is that land in several regions in Indonesia is not owned by one person but by one village communally. This means 

that all decisions related to the land must be discussed together and take a long time, especially if one of the community members 

disagrees. The various causes mentioned above usually occur if the geothermal development company does not invest enough effort, 

time, and money to socialize the project to the local community and fails to build sincere and open relationships with the community. 

3.5 Lack of Geothermal Experts 

Umam et al. (2018) mention the need for 5,433 MW to create approximately 23,000 additional jobs. By using the formula proposed 

by Jennejohn (2010), which assumes that every MegaWatt (MW) of electricity production through geothermal energy will require 

4.25 full-time and 16-person positions than to reach the target of Indonesia's geothermal utilization in 2025, it takes 87,000 people 

per year. These personnel needs include geologists, geophysicists, geochemists, drilling experts, engineers, hydrologists, and other 

skilled personnel for operations and maintenance that must be prepared before starting geothermal field development projects (Smillie 

et al., 2015). 

The oil and gas industry is considered more established than the geothermal industry, especially in Indonesia. This makes many 

geothermal developer companies looking for experts in the oil and gas industry to be brought to the geothermal industry to cover 

personnel shortage. Unfortunately, many geothermal companies have not yet realized that although they look similar, there is a 

considerable difference between geothermal development projects and oil and gas projects. Umam et al. (2018) describe these 

differences where one of them is in the drilling field. Umam also mentioned that currently, there is no specific standard for the 

competence of geothermal personnel documented in a document or certificate. All requirements for key drilling personnel still refer 

to the experience and competencies applicable in the oil and gas industry. So that all personnel who have certification and experience 
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in the oil and gas industry can work directly in geothermal projects without realizing there are some differences between the two 

industries that could threaten worker safety and the environment. 

3.6 Lack of Public Understanding on Geothermal Project 

This is one of the challenges in developing geothermal projects that have not been widely discussed in various scientific journals or 

seminar, which may be caused by the difficulty of measuring or quantifying the level of public understanding of a geothermal 

development project. Another possible cause is that developers and local governments often feel that the task of educating people 

living in the geothermal prospect area is not their responsibility. 

The lack of public understanding of geothermal projects' importance often leads to rejection, which ultimately ends with delays in 

geothermal development projects. This situation mainly occurs when geothermal projects are still in the exploration stage where local 

governments, development companies, and local communities are still in the stage of recognizing each other and have not yet 

developed trust between each party. 

This, of course, has been known by geothermal developers, especially with the amount of news in the mass media regarding the 

community's rejection of geothermal projects in Indonesia. However, companies have often not conducted education or counseling 

in a sustainable and comprehensive manner. Usually, socialization events or public consultations are carried out only once at the 

beginning of the project. The duration of one occasion is 3-6 hours, and the community is expected to understand all aspects of the 

geothermal project. 

Ideally, the education and counseling process for geothermal projects is carried out 3-6 months before the first physical activity at 

the site begins with an increase in the frequency of the socialization in stages which is adjusted to the level of community acceptance. 

To be able to build long-term relationships, all public doubts must be answered properly and openly. 

3.7 Security Issues 

Eastern Indonesia has security issues related to terrorist groups on Sulawesi and Papua island. This issue is important because natural 

resources have been an aspect of 40% conflict in the last 60 years, including the Aceh and Papua conflict (UNEP, 2009). The Central 

Sulawesi area with 2 Working Areas and 20 potential geothermal spots has problems with security disturbances from terrorist groups 

in the Poso mountains. Terrorist disturbances in this area led to the closure of the Lore Lindu National Park, which had a location of 

86 MW geothermal potential in 2016 (Lidiawati, 2016; PSDMBP, 2017; KOMPAS, 2020). Also, Papua region, which has high 

natural resource potential, including 75 MW of speculative geothermal resources, faces conflicts related to natural resources since 

1969 (UNEP, 2009; PSDMBP, 2017). Terrorist groups in Papua have been proven to have disturbed the Trans Papua road's 

construction process, which indirectly also hampered construction related to the exploration of the Papua area.  

Table 3 shows the geothermal potential based on PSDMBP (2017), the average crime rate based on Biro Pengendalian Operasi POLRI 

on BPS (2019), and terrorism issue based on observation of national-international news reports of each province in eastern Indonesia.  

The crime rate shows citizens' risk level to be a crime victim, and the higher value means higher risk (BPS, 2019). While terrorism 

issue divide into three ranks, the low (1) represent no significant issue but still there is terrorist arrestment, the medium (2) represent 

national significance issue, then the high (3) represent international significance issue. Indonesia military and national police (TNI-

POLRI) has launched the operation to terminates terrorist/criminal group at the medium and high-rank province 

The terrorist threat can cause delays in the logistics and equipment delivery process due to the area's vulnerability, which exacerbated 

inadequate infrastructure for quick mobilization. In addition, high-value assets of drilling equipment will also be targets of terrorist 

groups to fulfill their needs and demonstrate existence by threatening or hijacking assets and project areas (UNEP, 2009). From the 

logistics aspect, the challenge of the ability to analyze security risks is needed to establish contingency plans so the logistics delivery 

process and drilling construction can be carried out immediately after a security disturbance (Sheffi, 2002). Moreover, it is important 

to provide compatible security personnel to protect eastern Indonesia's assets and drilling areas. 

Table 3: Geothermal potential and security risk per province 
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4. MITIGATION OPTIONS 

4.1 Slimhole Utilization in the Exploration Strategy 

To overcome the lack of infrastructure and access in relatively remote geothermal locations, exploration drilling might consider using 

the slim hole drilling method. Slim hole methods use rigs that are much smaller than rigs for standard hole drilling, so they have a 

smaller footprint, so costs can be cheaper. This method is suitable for use during exploration because it has more flexibility to adjust 

to land conditions (Purba et al., 2018a; Purba et al., 2018b; Purba et al., 2019). 

4.2 Remote Sensing Utilization for Geohazard Detection 

The alteration zone identification could perform using remote sensing analysis using satellite imagery (Salamba, Hede, & Heriawan, 

2019). Those data can be accessed through an open-access database and processed using software to identify the distribution of the 

geohazard area. This analysis was the initial consideration in determining the well pad area's location and road construction with less 

affected by alteration but close enough to the up-flow zone, so drilling still could tap the 3G target efficiently and effectively. The 

remote sensing analysis is a low-cost analysis since the data is open access, so it only needs a software license budget around hundreds 

of dollars annually to get the software. Another option is to develop a joint study with the university because remote sensing analysis 

is one of the general subjects in the geoscience/geography/geomatic department.  Furthermore, a geotechnical survey is conducted to 

determine the detailed technical properties of the rock in more detailed areas. The prevention of unstable ground problems is also 

carried out by geotechnical engineering, where areas with a higher coefficient of alteration will get more support to maintain stability 

and strength (Zhang & Guo, 2011). Remote sensing can also be used to identify the geomorphological condition and lineament density 

that are related to fault-fracture zones. Those all data will be used as scoring parameters to identify the initial landslide risk and will 

be verified by field mapping with workflow as shown by Figure 11. 

 

Figure 7: Proposed workflow for landslide risk mapping in geothermal prospect area 

4.3 Long-term Local Community Development Plan 

Various community approach methods must be studied and implemented, including the use of local residents in geothermal 

exploration, construction, and production activities to minimize the risk of rejection by communities around the project site. Many 
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studies have offered various alternative approaches, one of which is the direct use of geothermal resources for tourism, drying of 

agricultural products, etc. which are expected to help develop the economy around the geothermal project area and involve the 

surrounding community on an ongoing basis (Adityatama et al., 2018). 

4.4 Develop a More Effective Communication Mechanism Between Stakeholders 

Land acquisition is a crucial problem in developing geothermal energy in Indonesia, considering the development of supporting 

infrastructure will always require land as a foothold. Therefore, cross-ministerial coordination and communication between the 

regional government and the company must be increased concerning the issue of land acquisition 

4.5 Develop a Competency Standard for Geothermal Personnel 

A competency standard is needed for geothermal labor, especially in the drilling section. With the existence of a clear competency 

standard, it is expected that the transition from oil and gas drilling workers can take place well and be able to minimize the risk of 

work safety due to environmental differences between geothermal and oil and gas. 

Table 4 summarizes several solution options that were discussed by the authors during the writing of this paper. 

Table 4: Summary of mitigation options for drilling infrastructure challenges 

Challenges Problem 

keywords 

Mitigation options 

High-relief 

terrain 

Geohazards, 

thermal 
manifestations, 

soil instability 

● Develop a national standard or guideline for geohazard assessment. 

● Conduct remote sensing analysis for geohazard identification 

● Start to develop education institute, training, and certification center in Indonesia's eastern islands 

(NTT, Maluku, and Sulawesi) focusing on geohazard assessment, soil stability investigation, thermal 
manifestations, and civil construction to produce a skilled workforce from local communities within 

the geothermal area. 

● Local governments initiate collaboration with academic communities and geothermal developers to 

conduct geohazard mapping in geothermal areas (WKP) in relation to drilling infrastructure 
construction. 

● Socialization of geohazard risks to all stakeholders by Indonesia central government through seminar, 

workshop, conferences, articles and social media. 

Land 

acquisition 
issues 

Community 

rejection, 
farming area, 

socialization 

issue 

● Developing the direct-use facilities to bring economic impact to local communities while serve as 

geothermal education media. This campaign is suggested to be conducted in the very early phase of the 

exploration project to increase local community awareness of the geothermal exploration project 
before the project itself commenced. 

● Start to develop an education institute, training, and certification center in the eastern islands of 

Indonesia (NTT, Maluku, and Sulawesi) to create a skilled workforce from local communities. They 
are expected to obtain knowledge and skill in areas such as geothermal direct-use, civil construction, 

machinery, health and safety, project administration, and drilling. This way, the risk of local 

community rejection may be minimized since they have become part of the project instead of only 
become a spectator.  

● Geothermal developers and local government may start a community engagement team consist of a 

mixture of experienced staff and the local community. This team is expected to be able to cultivate 

positive interaction and open communication process between geothermal developers and the local 
community. 

● Indonesia needs to develop a standard or guideline for land acquisition, specifically for a geothermal 

project in Indonesia's eastern part. It will be challenging to use the same guideline for all provinces in 

Indonesia since Indonesia is very diverse in terms of ethnic, culture, language, and religion. 

● Geothermal developers need to have the mindset of building a long-term relationship with the local 

community from the day-1 of the project. This can be done by proactively listen to local community 

complain and needs instead of dictating the urgency of a geothermal project in their village.    

● Indonesia or local government may start to establish a certification program for community 
engagement officer to standardize how they engage the local community. 

Lack of public 
understanding 

of geothermal 
project 

Community 
rejection, the 

community 
engagement 

mechanism 

Archipelago 

countries 

Connectivity 

between islands, 
road 

infrastructures, 
landslides 

● Since the infrastructure in the geothermal project (roads, bridges, ports, etc.) can be considered as 

public facilities, geothermal developers may have to communicate intensively with the local 
government on the planning process of drilling infrastructure construction. 

● Start to develop an education institute, training, and certification center in the eastern islands of 

Indonesia (NTT, Maluku, and Sulawesi) to create a skilled workforce from local communities. They 

are expected to obtain knowledge and skill in areas such as geothermal direct-use, civil construction, 
machinery, health and safety, project administration, and drilling. This way, geothermal developers 

will not have to import a skilled workforce from outside. 

● Start to encourage and educate local entrepreneurs to provide raw material or any resources needed by 

geothermal developers in executing exploration projects. This way, geothermal developers do not have 
to worry about difficulties bringing materials, equipment, or tools from outside of the geothermal area.  

Lack of 

existing 

infrastructures 
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Lack of 

geothermal 

experts 

The training 

center, academic 

involvement, 

local capacity 

building   

● This issue needs to be mitigated at the national level by the Government of Indonesia. However, at this 

time of writing this report, the authors found that most geothermal education centers located on Java 

island, which means geothermal exploration projects in Indonesia's eastern part must import personnel 
from Java island.   

● Start to develop education institute, training, and certification center in eastern islands of Indonesia 

(NTT, Maluku, and Sulawesi) to produce skilled workforce from local communities that expected to 
obtain knowledge and skill in areas such as geothermal direct-use, civil construction, machinery, 

health and safety, project administration, and drilling once graduated from the education center. 

● The government can collaborate with geothermal developers to provide incentives for a geothermal 

expert to come to NTT, Maluku, and Sulawesi as lecturers. 

Security issue Project-logistic 

threatening and 
hijacking,  

● The mitigation can start earlier from the Indonesia government by terminates the criminal 

groups/terrorists at the high potential of natural resource area and surroundings  
● Provide compatible security personnel during the project to make sure the project (asset and personnel) 

in a safe condition  

● Develop good communication with the community, government, and state-security personnel (TNI-
POLRI) to prevent conflict due to misunderstanding of the project. It also creates a suitable environment 

for information gathering that related to conflict possibilities   

● Development of communication skills for field personnel as the frontline of the project to be able to 
explain the project to the local community when there is a minor threat during a project, so they could 

prevent bigger threats. 

 

5. CONCLUSIONS 

This paper has discussed several challenges that potentially faced by geothermal developers in constructing drilling infrastructures 

for drilling exploration project, especially in Eastern Indonesia. Based on the complexity of the various challenges that has been 

mentioned, authors attempt to gather various options that can be used to prevent those challenges. Authors believe that the 

development of drilling infrastructure is the most important milestone in any geothermal exploration drilling project in Indonesia. It 

is clear that all mitigation options proposed in this study require communication and collaboration among all stakeholders. At the 

end, the goal is to increase the speed of exploring geothermal prospect areas in order to achieve Indonesia geothermal utilization 

target. 

Finally, the authors hope this paper can motivate the input from readers to improve the quality of further research related to this topic 

that will be carried out in the future. 
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