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ABSTRACT - Indonesia is currently committed to the global initiative aimed at reducing greenhouse gas 
emissions, with a target of achieving Net Zero Emissions (NZE) by 2060. The reduction is being pursued 
through the application of CCS and CCUS technologies. In CCUS, CO2 is utilized to enhance oil and gas 
production through Enhanced Oil Recovery (EOR) or Enhanced Gas Recovery (EGR) methods. In contrast, 
in CCS, CO2 is captured, transported, and securely stored in geological formations. At the same time, a 
consistent and affordable energy supply is required to support the achievement of NZE while maintaining 
economic growth. Ambitious oil and gas production targets are being set by the government to safeguard 
economic stability. Therefore, CCS/CCUS technologies are considered one of the most viable technical 
solutions to balance environmental needs with economic conditions. However, the implementation and 
commercialization of CCS/CCUS in Indonesia still face significant challenges. Several structural factors 
influencing CCS/CCUS policy implementation are identified in this study. Through structural modeling, 
CCS/CCUS variables with significant driving power and dependency power are being identified. 
The final modeling results show that the availability of storage capacity information and technological 
readiness primarily determine the acceleration of CCS/CCUS implementation. Based on these findings, 
it is recommended that appropriate policies using a risk-managed approach be adopted by the Indonesian 
government in the development of CCS/CCUS.
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INTRODUCTION
Global warming driven by Greenhouse Gases 

(GHG) emissions is a critical issue with potentially 
severe impacts on human society. Thus, both 
governmental and private sectors must prioritize 
global GHG emission management through 
international collaboration. Although the Covid-19 
pandemic slowed global economic growth, efforts 
to reduce GHG emission have continued. Carbon 
dioxide (CO2) accounts for approximately 75% 
of global GHG emissions (IEA 2023), making its 
management essential.  Strategies to reduce CO2 
emissions include Carbon Capture and Storage 
(CCS) and Carbon Capture, Utilization, and Storage 
(CCUS), value-chain technologies that separate, 
transport, and store CO2 in geological formations 
such as saline aquifers, depleted oil and gas 
reservoirs, and coal bed methane seams. 

Since oil remains a critical component of global 
energy supply, oil and gas producers have utilized 
CO2 for Enhanced Oil Recovery (EOR) (Wowor et 
al. 2017). Consequently, the adoption of CCS/CCUS 
in both developed and developing countries can 
simultaneously help reduce GHG emissions and meet 
global energy demands. However, due to the long 
lead times and high cost associated with CCS/CCUS 
implementation, immediate policy support from 
both corporate and governmental sectors is crucial 
for commercialization. CCS/CCUS can also be 
integrated with other technologies, such as hydrogen 
production, bioenergy, and Direct Air Capture, 
particularly in sectors like cement and fertilizer 
manufacturing to further reduce CO2emissions.

Indonesia, a tropical archipelago of over 17,000 
islands, is especially vulnerable to climate change due 
to its vast land area and abundant natural resources. 
Indonesia is a big CO2 emitter, contributing 2% of 
global emissions. Economic growth and continued 
reliance on fossil fuels are expected to increase 
future emissions. In 2024, economy in Indonesia 
grew 5,03% with a government target of 7% long-
term growth. The country has committed to reducing 
GHG emission by 31.89% from business-as-usual 
levels by 2030 and achieving Net Zero Emissions 
(NZE) by 2060 or earlier (Yusgiantoro & Prabowo, 
2022). Indonesia’s energy mix remains heavily 
dependent on fossil fuels. In 2023, the total primary 
energy supply reached 1,843 Million Barrel of Oil 
Equivalent (MBOE), with nearly 90% coming from 

coal, natural gas, and oil products. Coal is dominant 
source (736 MBOE), with 57% used for electricity 
generation (General et al. 2024).

By 2030, Indonesia aims to increase oil 
production to 1 million barrels per day (bopd) and 
natural gas output to 12 billion standard cubic feet 
per day (bscfd), up from 580 thousand bopd and 5.5 
bscfd in 2024. This growth goal underscores the 
need for strategies that enable sustainable economic 
development while reducing GHG emissions. 
According to (Sugihardjo 2022), the application 
of CCUS technologies in Indonesia, especially 
CO2-EOR, presents a significant opportunity for 
both mitigating greenhouse gas emissions and 
enhancing oil recovery. Indonesia’s aging oil 
fields and abundant CO2 sources make it a prime 
candidate for the integration of CCUS, which can 
simultaneously reduce emissions and improve oil 
production efficiency. CCS captures, transports, 
and safely stores CO2 in geological formations, 
whereas CCUS can also enhance recovery through 
EOR or Enhanced Gas Recovery (EGR) (Kristanto 
et al. 2023). Sunaryo et al. (2023) state that CCS/
CCUS technology can use CO2 to increase oil and 
gas production through EOR or EGR techniques, 
in line with that CCS is able to absorb, transport, 
and store CO2 safely in geological formations. 
CCUS technologies, particularly CO₂ injection into 
geological storage, offer an effective solution for 
reducing CO₂ emissions (Aziz et al., 2024). Indonesia 
requires reliable, cheap energy to reach NZE and 
thrive economically.   The Indonesian government 
has ambitious oil and gas production targets to 
strengthen the economy, making CCS/CCUS the 
best technical solution to reconcile environmental 
and economic aims. The Global CCS Institute (2024) 
believes Indonesia’s extensive oil and gas resources 
are able to store 13,000 million tons of CO2, 16% 
of Euro-Asia’s total CO2 storage. Indonesia ranked 
first in the 2021 Global CCS Institute Readiness 
Index for CCS/CCUS technology readiness.  Several 
ASEAN countries are closely monitoring Indonesia’s 
progress (Simanjuntak & Yusgiantoro 2022), as early 
adoption could provide the country with a significant 
first-mover advantage in storage and application. 
Leveraging its long history upstream oil and gas 
development, Indonesia is well-positioned to lead 
the CSS/CCUS sector in the region. 

Despite these strengths, a notable gap exists 
in research on the development and application of 
CCS/CCUS in Indonesia, particularly regarding the 



281

The Structural Factors in Advancing CCS/CCUS Technology in Indonesia: A Comprehensive Analysis
(Luky Yusgiantoro et el.)

DOI org/10.29017/scog.v48i2.1780 |

integration of structural models. This gap presents 
a critical avenue for further investigation, as 
incorporating structural models into the CCS/CCUS 
framework could optimize deployment strategies and 
enhance the technology’s effectiveness. Addressing 
this research need would enrich the academic 
discourse on CCS/CCUS and support evidence-
based policy-making. Such advancement would 
help Indonesia achieve a sustainable, low-carbon 
economy while safeguarding its energy security and 
fostering long-term economic growth. 

Predicting the future needs, Indonesia requires 
CCS/CCUS technology to achieve its climate goals. 
With sufficient government support, the country 
could become a leader in emission-reduction 
technology. Highlights the use of CCS/CCUS for 
power plants and hard-to-abate industries. The 
government has already invested in technology and 
initiated projects with international partners (Best et 
al. 2011; Syahrial et al. 2022). 

However, the development of CCS in Indonesian 
faces several challenges. As a developing nation, 
Indonesia requires significant investment in 
technology. Concerns also remain about the safety 
of sub-terranean CO2 storage. Despite these 
obstacles, CCS has the potential to reduce emissions 
in Indonesia and help the country meet its climate 
targets, provided there is continued investment and 
project advancement (Kristanto & Yusgiantoro 
2023). While CCS/CCUS could significantly 
reduce Indonesia’s emissions, and the government 
has expressed support for technology, large-scale 
implementation has yet to begin. Technical, financial, 
and regulatory difficulties must be addressed before 
full-scale CCS/CCUS deployment can occur.

Indonesian CCS/CCUS programs remain 
uncommercialized despite substantial research 
and pilot project. Multi barriers hinder widespread 
adoption and technology success in Indonesia will 
depend on various factors, even under government 
oversight. This study aims to identify key factors 
for establishing technical and comprehensive 
deployment standards in Indonesia. It provides an 
in-depth analysis to support the strategic use of CCS/
CCUS in achieving Indonesia’s short- and long-term 
environmental, energy, and economic objectives. Our 
model identifies crucial features or key drivers, and 
it is expected that the findings to guide the creation 
of CCS/CCUS policies and regulations in Indonesia. 

METHODOLOGY

Theory

Deployment Plan of CCS/CCUS
Research on CCS/CCUS technology has been 

undertaken from both technical and economic per-
spectives (Tcvetkov, 2021). Given that CCS/CCUS 
is capital- and technology-intensive, the regulatory 
framework must align with the technological and 
economic requirements to enable private sector 
participation to implement the technology. Recent 
scholarly works have highlighted advanced studies 
on macro policy (Scott et al., 2013). The limited 
adoption of CCS technology is attributable more to 
political, economic, and societal considerations than 
to technological shortcomings. Furthermore, it has 
been argued that CCS/CCUS technology is presently 
competitive with emerging and renewable technolo-
gies (Prabowo & Sihaloho, 2024; Rafiq et al., 2021). 
Despite this competitiveness, the implementation 
of CCS/CCUS technology is now competitive with 
emerging and reviewable technologies for CO2 
reduction, generally proceeds through three main 
stages: the activation phase, the expansion phase and 
large-scale deployment. 

Interpretive Structural Modeling (ISM) is a robust 
methodology for analyzing complex relationships 
among factors in various fields, including CCS and 
CCUS. ISM facilitates structuring and understanding 
the interdependencies among these factors, which is 
crucial for strategic planning and decision-making 
in CCS and CCUS projects (Hsu & Liu 2018). This 
method involves constructing a visual model that 
represents the hierarchical relationships among 
factors, enabling the identification of key drivers 
and dependencies. The application of ISM in CCS 
and CCUS can reveal critical factors influencing 
the success of these technologies and assist in 
formulating effective implementation strategies 
(Zhao et al. 2019).

Several studies have examined CCS/CCUS in 
Indonesia. Adisaputro & Saputra (2017) discuss 
the implementation in Indonesian energy sector. 
The multi-region CCS method was developed with 
South Sumatra and East Java as boundary regions, 
incorporating five sources and six sinks (Putra et al. 
2018). An enhanced approach for CCS target and 
network design based on pinch analysis has also been 
proposed (Mualim et al., 2021; Putra et al. 2018). 
Sutrisno et al. (2021) focus on estimating potential 
CO2 emissions from biomass power plants utilizing 
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gasification, firing or co-firing technologies, and 
recommend suitable carbon capture technologies 
based on the characteristics of biomass power plants 
in Indonesia. 

Structural models have been employed to analyze 
CCS implementation by employing ISM to examine 
the role of stakeholder concerns in effectively 
deploying CCS in developing Asian Countries (M. 
Abdullah et al. 2021; Sandbhor & Botre 2014). 
These studies identify key factors that accelerate 
CCS technology adoption in certain Asian nations, 
highlighting the importance of the social dimension 
in assessing necessary components for advancing 
CCS projects. Public acceptance emerges as a crucial 
factor in successful CCS implementation.

METHODOLOGY 
ISM is an effective instrument for analyzing 

intricate systems by elucidating the interconnections 
among system variables. It is extensively utilized 
across several domains, including engineering, 
administration, and social sciences. While powerful, 
ISM requires experienced judgement to produce 
accurate and meaningful results (Kumar & Singh 
2019). Numerous energy specialists have employed 
ISM to analyze the behavior of factors in the energy 
sectors, particularly in relation to government policy 
(Eswarlal et al. 2011)sustainable supply of clean and 
affordable renewable energy sources is required if 
development is to be sustainable, so that it does not 
cause any environmental problems. The purpose 
of this paper is to determine the key variables of 
renewable energy implementation for sustainable 
development, on which the top management should 
focus. In this paper, an interpretive structural 
modeling (ISM. A key strength of ISM lies in its 
graphical representation of relationship among 
system factors. is commonly employed to examine 
intricate socio-economic problems. 

A key strength of the ISM is the utilization of 
a graphical representation to delineate the linkages 
among various system factors. Typically, the diagram 
positions dependent variables at the lower end 
of an axis and driving variables at the upper end, 
enabling the identification of primary determinants 
and components that depend on them. This visual 
approach allows for the assessment of how various 
components influence one another, highlighting 
potential points of how various components influence 
one another, highlighting potential points disruptions 
could significantly affect system performance. 

Expert judgment plays critical role in ISM for 
several factors. Firstly, the methodology depends 
on subjective decisions shaped by the experts’ 
knowledge and experience.  For instance, when 
defining system components, experts may differ on 
what should be included or excluded (Wang 2015). 
This process may introduce bias, therefore, careful 
reasoning is required to ensure objective, well-
founded criteria. B. Zhang et al. (2008) indicated that 
experts’ prior experience strongly influences variable 
identification, underscoring the importance of their 
role in ensuring all relevant aspects are considered. 

Secondly, ISM frequently encompasses numerous 
stakeholders possessing diverse perspectives and 
interests. Consequently, experts are required to 
conduct dialogues and ensure that all perspectives 
are acknowledged. Their role is to assist and support 
the decision-making process by ensuring that all 
stakeholders comprehend both the analysis and its 
implications. In a study conducted by Pla López et al. 
(2019), expert opinions were employed to ascertain 
the components of an eco-innovation system. 
The authors discovered that expert involvement 
facilitated the resolution of disputes and the 
formation of a consensus among stakeholders. 
Ultimately, expert judgment is also crucial for 
evaluating ISM outcomes. Once the relationships 
among components are established, it is necessary to 
involve specialists to assess the implications of these 
relationships. This may entail determining the most 
critical factors, assessing those likely to exert the 
greatest influence, and recommending appropriate 
actions to address any identified issues (Ma et al. 
2019). The authors concluded that expert opinion 
was essential for identifying crucial components 
and potential risks. The analytical findings were then 
utilized to develop a risk management strategy for 
the platform (Budinis et al. 2018). 

Overall, expert judgment is a vital component of 
ISM, as it enhances the accuracy and validity of the 
analysis. Experts play an essential role in defining 
system factors, fostering constructive discourse, and 
evaluating the analytical outcomes (Yusgiantoro & 
Prabowo 2023).  Consequently, expert judgment is 
a key element in the application of ISM within our 
research.

Sample Selection 
The factors or key drivers of CCS/CCUS 

have been identified. Based on this study and 
literature review, the primary factors relevant to 
the Indonesian context are: 



283

The Structural Factors in Advancing CCS/CCUS Technology in Indonesia: A Comprehensive Analysis
(Luky Yusgiantoro et el.)

DOI org/10.29017/scog.v48i2.1780 |

Government support (A1)
The Indonesian government’s support for CCS/

CCUS include the policies, efforts, and funds aimed 
at promoting the implementation of CCS/CCUS 
technologies to mitigate GHG emissions (Romanak 
& Dixon, 2022)injection and geological storage 
outlined the monitoring protocols required for 
geological CO2 storage as an emissions reduction 
technology, regulations for CO2 geological storage 
have been developing and evolving worldwide. The 
California Air Resources Board Low Carbon Fuel 
Standard CCS Protocol (LCFS CCSP. Even though 
relevant government regulations already exist, it 
is assumed that private sectors still need further 
regulation to deploy CCS/CCUS. However, this 
study does not specify the exact type of regulations 
required.

Financial availability (A2) 
The availability of financing for CCS/CCUS in 

Indonesia pertains to the accessibility of funds and 
financial resources necessary for the implementation 
and deployment of CCS/CCUS technology (Prabowo 
& Rozi 2023). It is assumed that the financial 
availability reflects the supply and demand side. 
The supply side represents the costs of deploying 
CCS/CCUS, while the demand side represents 
customer willingness to pay for technologies that 
reduce CO2 emission.

Strategic Planning (A3)
In Indonesia, strategic planning for CCS/CCUS 

entails formulating and executing a comprehensive 
and coordinated strategy for the deployment of CCS/
CCUS technologies. This includes the long term goal 
and roadmap to deploy CCS/CCUS (Dimabuyu, 
2023)Utilisation and Sequestration (CCUS. During 
the process of obtaining expert survey, the National 
Long-Term Development Plan 2025-2050 has been 
recently issued. Therefore, many CCS/CCUS experts 
may not yet have been aware of it.

Skilled manpower (A4) 
Skilled manpower for CCS/CCUS in Indonesia 

denotes the presence and proficiency of trained 
professionals, technicians, and laborers equipped 
with the requisite knowledge and abilities to facilitate 
the implementation and functioning of CCS/CCUS 
(Chevet et al., 2022). Indonesia has a strong base of 
CCS/CCUS expertise, as evidenced by studies dating 
back to the early 2000s.

Sustainable growth (A5) 
Sustainable growth in CCS/CCUS entails ad-

vancing and applying technologies in a way that 
balances environmental, economic and social consid-
erations, long-term development (Rubin et al. 2015).

Public awareness (A6) 
Public awareness relates to the extent of 

knowledge and comprehension among the general 
population about CCS/CCUS, including its 
advantages and potential risks (Sitinjak et al. 
2023). With long-term monitoring programs in 
place, companies deploying CCS/CCUS can 
allocate resources to raise public awareness, launch 
educational campaigns and build community trust 
in their projects.

Top management support (A7) 
Support from top management is essential 

for the effective implementation of CCS/CCUS 
technologies, as it affects resource allocation, 
investment levels, and the prioritization of activities 
associated with the development and deployment 
of these technologies (Kim 2022). In Indonesia, the 
endorsement of top management for CCS/CCUS is 
crucial for the nation to attain its ambitious objectives 
for diminishing CO2 emissions and alleviating 
climate change. With its full support, a private 
sector management is able to request for employee 
collaboration to implement CCS/CCUS.

The efficacy of procedure and implementation 
(A8) 

Effective protocols and execution support 
are essential for achieving CCS/CCUS projects 
objectives - GHG reduction, energy security, and 
economic growth (Z.F. Zhang et al. 2024).  Before 
its commercialization, a CCS/CCUS development 
project normally progress from desktop studies to 
pilot projects, then demonstration operations, and 
finally commercial operations. Streamlined processes 
reduce costs and speed development, while effective 
execution ensures compliance with regulations and 
standards, addressing any concerns or challenges 
swiftly. With the global race towards NZE by 2050, 
timely technology deployment is essential for 
Indonesia to capitalize on its CO2 storage potential.  

Storage availability (A9) 
The storage availability refers to the presence and 

accessibility of suitable sites and infrastructure for 
safe CO2 sequestration (Li et al. 2022). The efficacy 
of CCS/CCUS initiatives in Indonesia relies on 
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appropriate storage locations, which may include 
deep geological formations like saline aquifers or 
depleted oil and gas fields. However, to assure the 
integrity of a geological formation to safely store 
CO2, comprehensive studies are required to verify 
storage integrity.

Technological availability (A10) 
The technological availability encompasses 

access to equipment and systems for capturing, 
transporting and securely storing CO2  While various 
CCS/CCUS technologies exist globally, they are 
at different Technology Readiness Levels (TRLs). 
Some remain in pilot phases (Prabowo 2024). Many 
experts are optimistic that the costs of CCS/CCUS 
technologies will decline in the future.

Stakeholder support (A11) 
A CCS/CCUS project is a risk and capital 

intensive project. Therefore, collaboration and 
coordination among stakeholders are two key factor 
to have a successful CCS/CCUS project in Indonesia. 
Stakeholder support for CCS/CCUS in Indonesia 
denotes the degree of engagement, collaboration, 
and dedication from various stakeholders, including 
governmental bodies, industrial and commercial 
sectors, academic and research institutions, local 
communities, and civil society organizations, 
regarding the advancement, implementation, and 
management of CCS/CCUS initiatives (M.R.T.L. 
Abdullah et al. 2021).

Availability of data and information (A12) 
The availability of data and information support 

for CCS/CCUS in Indonesia pertains to the 
accessibility, quality, and volume of data and 
information concerning CCS/CCUS projects (Melo 
et al. 2025). It encompasses data on geological 
formations, carbon storage capacity, sources of 
emissions, energy requirements, and other pertinent 
information essential for the planning, execution, and 
oversight of CCS/CCUS operations. Much of this 
information is already available through Indonesian 
government agencies. 

Identify and determine respondents
According to Janes (1988), involving 8 to 15 

experts in ISM research is optimal due to the expo-
nential growth in the interaction complexity. Nev-
ertheless, participants selection should prioritize the 
representativeness of perspectives, focusing on quali-
tative contributions rather than purely quantitative 
sampling. The experts were selected to encompass 

a diverse array of social, environmental, economic, 
industrial, and legal knowledge. The justification 
for selecting an expert is predicated on their educa-
tional qualifications, field of specialization, years of 
practical experience, and technological proficiency. 
Experts were chosen for this study based on the 
subsequent criteria, such as: 1). Master or PhD 
degree (for academia); 2). Minimum of five-year 
experience in CCS/CCUS studies or projects;  3). 
Knowledge or practical expertise in CCS technology; 
4). Strong communication skills; 5). Commitment to 
the study duration.

Surveys were distributed tto the specialists 
involved in CCS/CCUS in Indonesia, including 
government officials, policymakers, investors, 
technology service providers, and academics. Twenty 
five respondents provided consistent and thorough 
replies to the questions. Using a paired comparison 
method, they were asked: “Do you believe that the 
variable (subject) ‘i’ directly influences the variable 
‘j’?” Divergent responses were resolved using the 
“minority follows majority” principle (Gan et al. 
2018). Contextual relationships among variables 
were than compiled into a self-interaction matrix.

Construct the structural self-interaction matrix 
The subsequent steps are involved in the 

formulation of ISM, are: 1). Identify variables 
influencing system performance via literature 
review and expert consultation; 2). Establish a 
conceptual relationship among variables based on 
expert insights; 3). Develop the SSIM to encompass 
pairwise relationships; 4). Convert the SSIM into 
a reachability matrix by assigning ‘1’ and ‘0’ to 
represent pairwise relationships; 5). Apply the 
transitivity rule which states that if variable ‘A’ 
leads to variable ‘B’ and ‘B’ leads to variable ‘C,’ 
then ‘A’ also leads to variable ‘C’; 6). Partition the 
reachability matrix into various partition levels; 
7). Create a directed graph (digraph) showing 
variable relationships without transitive links; 8). 
Convert the digraph into ISM model by representing 
variables as propositions; 9). Evaluate and refine 
the ISM model as needed.

The research was carried out over a year and 
included numerous meetings with CCS/CCUS 
experts in Indonesia. Given that CCS/CCUS 
initiatives in Indonesia are in their nascent phase, 
the ISM approach is suitable for conducting research 
to achieve the study objectives. Ensuring the high-
quality result is crucial, and enhancements may be 
necessary to achieve precise outcomes. 
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The structural analysis was performed using the 
ISM approach with the assistance of EXSIMPRO 
Software, a licensed proprietary tool specifically 
designed for ISM analysis. To enhance the modelling 
process, SmartISM (an open-source too for pairwise 
comparisons and SSIM formulation) was integrated. 
Furthermore, Miro, an online collaborative 
whiteboard platform, was utilized to visualize the 
final reachability graph and hierarchical structure. 
The use of Miro ensured more interactive and 
comprehensive graphical representations, aiding 
interpretation and discussion.

RESULT AND DISCUSSION
The following results were obtained the study data 

and surveys. The SSIM represents the initial phase in 
compiling the data collected from the questionnaire. 
The column and rows in the matrix denote the 
variables that may affect the implementation of CCS/
CCUS in Indonesia. Subsequently, the normalization 
process was carried out through multiple steps, as 
shown in Table 1 and Table 2, respectively.

Table 1 represents a SSIM, which is a key tool 
for analyzing the relationships between various 
factors based on survey data. In this matrix, each 
factor (represented in rows and columns) is assessed 
for its interaction with other factors. The values “X” 
and “A” indicate the type of interaction, while “NA” 
signifies the absence of a relationship. The matrix 
provides a clear overview of the interdependencies 
between factors, which can be further analyzed to 
understand the structure and dynamics within the 
system. The SSIM plays a crucial role in identifying 
patterns and connections for decision-making and 
model development.  

Table 2 is a final reachability matrix, also known 
as a conical matrix, employed in ISM. This matrix 
delineates the linkages and reachability among 
various factors (A1 to A12) inside a system. The 
binary numbers (1 or 0) signify the influence of 
one factor on another. The “Driver Power” column 
measures the effect of each factor, while the “Rank” 
and “Hierarchy” columns present a ranking and 
hierarchy of the factors, respectively. This matrix is 
vital for comprehending the structural dependencies 
and hierarchy in the system for subsequent analysis 
and decision-making.

Figure 1 shows a hierarchical system in which 
the lower levels denote higher-priority objectives 
for Indonesia’s deployment of CCS/CCUS. As we 
progress through the levels, the emphasis transitions 
to actions and processes vital for attaining the 
overarching objective. These tasks are generally 
fundamental and must be prioritized to establish 
a robust basis for later actions. The focus on 
foundational aspects, such as “Analysis of Storage” 
and “Availability of Test Technology,” underscores 
areas need prompt intervention to facilitate sustained 
success. This priority guarantees the prompt 
resolution of essential issues, facilitating a more 
effective execution of plans at elevated levels.

Meanwhile, Figure 2 is a scatter plot depicting 
the correlation between “Driving Power” and 
“Dependency Power” for various factors within 
a system. The plot is divided into four quadrants: 
Linkage Quadrant, Autonomous Quadrant, Dependent 
Quadrant, and Critical Quadrant. Factors situated in 
the Critical Quadrant possess substantial driving and 
dependence force, signifying their centrality to the 
system and the necessity for focused attention. 

Table 1. Structural self-interaction matrix

 [, 1] [, 2] [, 3] [, 4] [, 5] [, 6] [, 7] [, 8] [, 9] [, 10] [, 11] [, 12]  

[1, ] NA “X” “X” “X” “V” “V” “X” “X” “A” “A” “X” “V”  
[2, ] NA NA “V” “X” “X” “V” “X” “X” “A” “X” “A” “V”  
[3, ] NA NA NA “V” “V” “V” “X” “X” “A” “X” “X” “X”  
[4, ] NA NA NA NA “V” “A” “X” “X” “A” “A” “A” “A”  
[5, ] NA NA NA NA NA “A” “A” “A” “A” “A” “X” “A”  
[6, ] NA NA NA NA NA “V” “A” “A” “A” “A” “X” “A”  
[7, ] NA NA NA NA NA NA NA “A” “A” “A” “A” “A”  
[8, ] NA NA NA NA NA NA NA NA “A” “X” “X” “A”  
[9, ] NA NA NA NA NA NA NA NA NA “A” “A” “X”  

[10, ] NA NA NA NA NA NA NA NA NA NA “V” “X”  
[11, ] NA NA NA NA NA NA NA NA NA NA NA “X”  
[12, ] NA NA NA NA NA NA NA NA NA NA NA NA  
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The Autonomous Quadrant contains factors 
with strong driving power but low dependency, 
while the Dependent Quadrant includes factors with 
significant dependency but limited driving power, 

Table 2. Final reachability matrix (Conical matrix)

 

 A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 Driver 
Power Rank Dependence Hierarchy 

 

A1 1 1 1 1 1 1 1 1 1 1 1 1 11 2 9 4  
A2 1 1 1 1 1 1 1 1 1 1 1 1 11 2 9 4  
A3 1 0 1 1 1 1 1 1 1 1 1 1 10 3 9 4  
A4 1 1 0 1 1 0 1 1 1 1 1 0 8 4 11 2  
A5 0 1 0 0 1 0 0 0 0 0 1 1 4 7 12 1  
A6 0 0 0 1 1 1 0 0 0 0 1 1 5 6 10 3  
A7 1 1 1 1 1 1 1 0 0 0 0 0 7 5 10 3  
A8 1 1 1 1 1 1 1 1 0 1 1 1 11 2 9 4  
A9 1 1 1 1 1 1 1 1 1 0 0 1 10 3 4 6  

A10 1 1 1 1 1 1 1 1 1 1 1 1 12 1 7 5  
A11 1 1 1 1 1 1 1 1 1 0 1 1 11 2 10 3  
A12 0 0 1 1 1 1 1 1 1 1 1 1 10 3 10 3  

indicating their susceptibility to external influences. 
This analysis facilitates the prioritization of strategic 
actions according to the influence and dependence 
of each component.

Figure 1. ISM level model scheme
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Figure 2. Direct influence map

 

Table 3 is a categorizes factors into four categories 
according to their characteristics and key influences. 
The Driver Variable (II) includes important factors 
that must be considered before other factors in 
the system. These variables have a significant 
impact and are prioritized in decision-making. The 
Linkage Variable (I) serves as a connection between 
independent and dependent variables, highlighting 
factors that link different factors of the system. The 

Autonomous Variable (III) refers to factors that are 
somewhat detached from other variables, operating 
independently within the system without direct 
links to others. Finally, the Dependent Variable (IV) 
consists of factors that further develop the system, 
particularly in relation to CCS/CCUS management 
practices, indicating their crucial role in advancing 
the process.

Table 3. Classification of variables in CCS/CCUS deployment (2025)

 
No Cluster Characteristics Key Factor

 
1 Driver Variable 

(II) 

Important factors which need to 
be considered prior to other 

factors
9

 
2 Linkage Variable 

(I) 

Factor which serves as a link 
between independent and 

dependent variables

1, 2, 3, 4, 7, 8, 
10,

11, 12
 

3 Autonomous 
Variable (III) 

Important Factors, but 
somewhat detached from other 

factors
None

 
4 Dependent 

Variable (IV) 

Factors which serve to further 
develop CCS/CCUS 

management practices
5, 6
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CONCLUSION
This research delineates numerous critical factors 

influencing CCS/CCUS implementation in Indonesia 
and elucidates their interconnections through the 
ISM approach. The resultant model delineates a 
distinct hierarchy of measures that policymakers 
must undertake to improve the efficacy of the CCS/
CCUS system in Indonesia.   

Key variables like storage and technology 
availability, strategic planning, financial resources, 
government support, and stakeholder assistance, 
respectively, are recognized as essential for prompt 
consideration by policymakers. 

The significance of these factors is dictated by 
the extent of their influence on policy and regulatory 
frameworks. The primary priority tier underscores the 
significance of Storage and Technology Availability 
for the effective implementation of CCS/CCUS. 
Given this, it is imperative that the Indonesian 
government ensure the availability of accurate and 
reliable storage information.

The suitability of a storage site depends on 
geological conditions, reservoir depth, rock structure, 
and sealing integrity factors crucial for the safe 
and efficient sequestration of CO2. Proximity to 
CO2 sources also reduces transportation costs and 
energy consumption. Typically, a CCS/CCUS 
storage assessment begins with identifying potential 
areas through national or regional evaluations and 
basin availability studies. This involves analyzing 
the regional setting, reservoir facies, reservoir 
characterization, and the integrity of seals and traps. 
Subsequently, the development of structural and 
stratigraphic models is necessary to refine potential 
site selection. To increase investment attractiveness 
and reduce risks, it is recommended that the 
government take the lead in conducting these models.

Once potential areas are identified, subsequent 
steps include screening CO2 sinks, planning wells 
and infrastructure, estimating the costs, preparing 
management plans, and conducting the economic 
analysis. However, the effectiveness of CCS in 
reducing carbon emissions is significantly constrained 
by insufficient storage capacity. Consequently, 
establishing adequate storage facilities alongside 
investment in related infrastructure is crucial. 

Similarly, the Availability of Suitable Technology 
is essential for CCS/CCUS adoption in Indonesia. 
The success of CCS depends on access to specified 
capture, transport, and storage technologies. As CCS/
CCUS operates a value-chain business model, the 

ability to capture CO2 to from multiple point sources 
is essential. Without these technological capabilities, 
the potential of CCS to mitigate emissions is severely 
compromised. Technological advancements must 
therefore align with the development and integration 
of these specialized systems. 

Ultimately, the study highlights the importance 
of stakeholder engagement, emphasizing the need 
for investment and regulatory clarity. While public 
awareness of CCS may be higher in some other 
countries, the findings suggest that Indonesia should 
prioritize strong regulatory support and the provision 
of essential sources to ensure efficient and large-scale 
of CCS/CCUS implementation.

In order the regulation framework on CCS/CCUS, 
the Testing Center for Oil and Gas (LEMIGAS) as 
an agency under Indonesia’s Ministry of Energy and 
Mineral Resources focusing on oil and gas research 
and laboratory certification reported in 2024 that 
the country’s subsurface potential comprises 4.85 
gigatons of CO2 storage in hydrocarbon reservoirs 
and an addition 572.77 gigatons in saline aquifers. 
This assessment was based on subsurface data 
gathered from 20 active sedimentary basins in 
Indonesia. To attract potential CCS/CCUS investors, 
Lemigas is conducting further detailed studies.

Meanwhile, the Indonesian government has 
significantly improved the regulatory framework for 
CCS and CCUS technologies. A Presidential rule was 
passed in 2024, establishing a thorough legislative 
foundation to support CCS/CCUS implementation, 
following the issuance of a Ministerial Regulation 
by the Minister of Energy and Mineral Resources 
in 2023.

Applying interpretive structural modeling (ISM) 
to identify key variables with significant driving 
and dependence powers, this study examines 
these structural determinants. The analytical 
findings show that the availability of storage 
capacity and technological readiness are critical 
enablers for accelerating CCS/CCUS deployment. 
Accordingly, this study recommends that the 
Indonesian government formulate targeted policies 
that address these strategic factors, adopting a risk-
managed approach. Strengthening governance and 
institutional support in these areas is essential to 
ensure the sustainable and scalable integration of 
CCS/CCUS into the national climate and energy 
agenda. 
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