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PT JFS’s mature oil and gas fields have experienced declining
reservoir pressure, increasing water cut, and reduced productivity due
to long-term reservoir depletion. To support efforts to enhance oil
production while reducing carbon emissions, the integration of
Carbon Capture, Utilization, and Storage (CCUS) with CO.-based
Enhanced Oil Recovery (CO:-EOR) presents a significant
implementation opportunity. This research aimed to determine the
most potential field priorities for CO-EOR implementation at PT JFS
using a Multi-Criteria Decision-Making (MCDM) approach. Five
alternative fields—Prabu, Lima, Ades, Pendekar, and Rambo—were
evaluated based on five criteria and thirteen subcriteria identified
through Focus Group Discussions with Subject Matter Experts
(SMEs). The Analytical Hierarchy Process (AHP) was applied to
determine the criteria weights, while the Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS) was used to rank
alternatives based on their proximity to the ideal solution. The results
showed that Reservoir Properties had the highest weight (0.438),
while Production Realization (0.215) and Permeability (0.183) were
the most influential factors at the subcriterion level. Based on the
TOPSIS analysis, the Ades field was selected as the highest-priority
candidate, with a preference value of 0.865, followed by Prabu, Lima,
and Pendekar, while Rambo ranked as the lowest-priority alternative.
The developed AHP-TOPSIS model was validated using a case study
at PT ABC, in which the Sukowan field was identified as the most
feasible candidate compared with other alternatives, demonstrating
the model’s consistency with actual technical and operational
considerations. This model can serve as an objective, systematic, and
consistent decision-support tool for CCUS project planning and has
the potential for application in other oil and gas fields with similar
characteristics.

INTRODUCTION

PT JFS Oil and Gas Field is one of the operational areas located in South Sumatra,
consisting of five working areas: Prabu, Lima, Ades, Pendekar, and Rambo. PT JFS’s oil fields
exhibit mature field characteristics, where most wells have been producing for decades and are
currently experiencing declining reservoir pressure and increasing water cut. This natural
decline has resulted in a significant reduction in production rates from existing wells in recent
years, particularly in older productive zones with low permeability and high depletion levels.
However, total field production has continued to show an increasing trend due to extensive
infill drilling and development well programs implemented by operators. The main challenges
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in mitigating this decline include limited economically recoverable reserves, high workover
and stimulation costs in mature formations, and reduced well and surface facility integrity due
to prolonged operational periods. These conditions require the implementation of adaptive and
technology-based reservoir management strategies to maintain sustainable production (Alharbi
et al., 2024; Biswas et al., 2025; Bouramdane, 2023; Godoy et al., 2025; Wahyono et al., 2026).

This production trend aligns with government policies implemented through the Ministry
of Energy and Mineral Resources and SKK Migas, which emphasize sustainable oil and gas
production enhancement through mature field optimization, operational efficiency
improvements, and the adoption of low-emission technologies. Regulations such as the
Regulation of the Minister of Energy and Mineral Resources Number 2 of 2023 concerning the
implementation of Carbon Capture, Utilization, and Storage (CCUS) activities provide a
regulatory framework for integrating CO- injection technology as part of Enhanced Oil
Recovery (EOR) strategies and carbon emission mitigation efforts. This approach enables the
utilization of CO:2 from industrial processes to improve reservoir pressure, increase oil recovery
factors, and support national production targets while facilitating the transition toward more
sustainable upstream oil and gas operations (Ezeh et al., 2023; Farajzadeh et al., 2022; Islam
et al., 2022; Olajide et al., 2025; Saraji & Akindipe, 2024).

Therefore, production enhancement strategies at PT JFS are not limited to conventional
activities such as workovers, stimulation, and development drilling but also include
innovations based on low-carbon technologies. The integration of government policies,
regulatory support for CCUS, and appropriate EOR technology application has the potential to
extend mature field economic viability, mitigate production decline rates, and contribute to
national decarbonization efforts in the energy sector.

Carbon Capture, Utilization, and Storage (CCUS) technology is an integrated approach for
mitigating carbon dioxide emissions through capture, utilization, and storage processes. Its
applications include Carbon Capture and Storage (CCS), which focuses on long-term CO:
storage in geological formations; carbon utilization, which converts CO: into value-added
products such as chemicals, synthetic fuels, and construction materials; and Bioenergy with
Carbon Capture and Storage (BECCS), which combines biological processes with geological
carbon storage.

Among these technologies, CO:-based Enhanced Oil Recovery (CO:-EOR) is considered
one of the most mature and commercially applicable approaches. This process involves
injecting high-pressure CO: into oil reservoirs to reduce oil viscosity, improve displacement
efficiency, increase recovery of remaining oil, and simultaneously facilitate underground CO-
storage through geological sequestration. The application of CO.-EOR has demonstrated
successful results in various oil and gas fields, such as the Permian Basin in the United States,
which has implemented CO.-EOR since the 1970s and achieved additional recovery of
approximately 10-20% of Original Oil in Place (OOIP), as well as the Weyburn-Midale project
in Canada, which represents successful integration between enhanced oil recovery and carbon
storage. In Indonesia, studies on CO:-EOR implementation have been conducted in mature
fields such as Jatibaru and Sukowan, which demonstrate suitable reservoir characteristics and
potential integration with domestic industrial CO: sources, making them strategic candidates
for national CCUS implementation.

CO: injection technology for Enhanced Oil Recovery (EOR) involves injecting high-
pressure CO: into reservoirs to increase oil recovery. The effectiveness of this process depends
on reservoir characteristics, particularly sufficient depth (>800 m), pressure conditions
exceeding the Minimum Miscibility Pressure (MMP), and temperatures ranging from 30-90°C
to facilitate miscible interaction between CO: and crude oil. In addition, adequate permeability
and porosity, as well as low-to-moderate formation water salinity, are required to support
injection efficiency. Reservoirs must also possess effective sealing formations to maintain
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structural integrity and prevent CO: leakage. From an economic perspective, CO2-EOR is more
favorable in fields with substantial remaining oil reserves and accessible CO: sources.
Environmentally, this technology provides dual benefits by increasing oil production while
enabling carbon sequestration to reduce greenhouse gas emissions.

The planning of CO: injection-based CCUS-EOR implementation requires a
comprehensive decision-making approach using Multi-Criteria Decision-Making (MCDM)
methods to evaluate interacting technical, economic, and environmental factors. MCDM
methods have been widely applied in the oil and gas sector to support injection site selection,
operational design, and technology feasibility assessments. Common approaches include the
Analytical Hierarchy Process (AHP), AHP-TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution), PROMETHEE (Preference Ranking Organization Method for
Enrichment Evaluation), and VIKOR (VlseKriterijumska Optimizacija I Kompromisno
Resenje). AHP has been widely applied to determine priority factors in EOR projects and field
management (Saaty, 1980), while TOPSIS has been used for CO: injection scenario selection
and risk evaluation in oil and gas projects (Hwang & Yoon, 1981). PROMETHEE has been
applied in carbon storage site selection and reservoir operation optimization (Brans & Vincke,
1985), whereas VIKOR has been used for multi-field comparisons and technical sensitivity
analysis in oil and gas projects (Opricovic & Tzeng, 2004). Based on recent literature, the AHP-
TOPSIS method provides advantages by combining AHP’s capability to determine hierarchical
and consistent criteria weights with TOPSIS’s ability to rank alternatives based on their
proximity to positive and negative ideal solutions (Kumar & Garg, 2019). This combination
provides a robust, transparent, and adaptive decision-making framework for CO.-EOR
implementation planning in the upstream oil and gas sector, which involves multidimensional
parameters and significant uncertainties.

Based on previous studies, several research gaps have been identified in the literature
regarding CO.-EOR field selection and CCUS planning. Previous research has primarily
focused on technical or economic feasibility separately without integrating both aspects
through MCDM approaches, as demonstrated by Yang et al. (2023) and Chen et al. (2023).
Research applying MCDM methods for CO:-EOR field selection remains limited, with many
studies focusing on carbon capture technology selection or CO: source evaluation rather than
comprehensive field assessment. Studies by Tapia et al. (2017), Zheng et al. (2022), and Zhang
et al. (2022) applied different methodologies and contexts without incorporating TOPSIS for
integrated field selection. Furthermore, research specifically examining CO.-EOR field
selection within the Indonesian context remains limited despite Indonesia’s significant CCUS
potential, estimated carbon storage capacity of 400600 gigatons, and numerous mature oil
fields. The novelty of this research lies in integrating AHP and TOPSIS for CO.-EOR field
selection in Indonesia by combining pairwise comparison-based weighting with ideal solution-
based ranking. This study simultaneously evaluates five criteria and thirteen subcriteria
covering reservoir characteristics, well integrity, production performance, infrastructure
readiness, and social considerations, while validating the model through a case study at PT
ABC to demonstrate its applicability and consistency with actual technical considerations.

In accordance with the research objectives, this study aimed to determine the priority
weights of criteria and subcriteria for CO2-EOR field selection at PT JFS using AHP, rank
alternative fields using TOPSIS, and validate the developed model through a case study at PT
ABC. This research was expected to provide an objective, systematic, and consistent decision-
support framework for CCUS project planning in the Indonesian oil and gas industry.
Theoretically, this study contributes to the development of MCDM methodologies by
integrating AHP and TOPSIS for CO2-EOR field selection within the CCUS context, expanding
understanding of CCUS-EOR implementation in developing countries through empirical
evidence from Indonesia, and providing a comprehensive evaluation framework incorporating
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five criteria and thirteen subcriteria. Practically, this research provides PT JFS management
and SKK Migas with a systematic approach for CCUS-EOR project planning, supports
engineering teams in assessing field readiness, provides ranking results for strategic decision-
making, assists policymakers in evaluating CCUS—EOR potential for production enhancement
and emission reduction targets, and offers a methodological reference for future energy sector
research.

RESEARCH METHODS

This research employed a Multi-Criteria Decision-Making (MCDM) approach using
the Analytic Hierarchy Process (AHP) and the Technique for Order Preference by Similarity
to Ideal Solution (TOPSIS) methods. This combined approach was selected because AHP
enabled the determination of criteria weights based on expert assessments, while TOPSIS
facilitated the ranking of field alternatives according to their suitability for CO:-EOR
implementation.

Primary data were collected from stakeholders with technical expertise and experience
in Subsurface, Reservoir Engineering, Production Operations, Drilling and Well Intervention,
and Health, Safety, and Environment (HSE) at PT JFS. The primary data collection methods
included structured interviews and expert judgment questionnaires. Secondary data were
obtained from company technical documents, subsurface reports, reservoir studies, production
data, well review reports, geological data, well integrity assessments, internal EOR screening
results, and other relevant supporting documents.

The selected field alternatives were then evaluated against the established criteria to
determine the relationship between the criteria and oil and gas field alternatives, as presented
in Figure 1. The evaluation framework was structured as follows:

Alternative 1: Prabu Square
Alternative 2: Lima Field
Alternative 3: Warrior Field
Alternative 4: Ades Field
Alternative 5: Rambo Field

MRS

LEVEL I
ALTERNATIVE

[N
Lapangas wnteh F‘ H

Tebaseg CORROR |0, ™7

Figure 1. AHP-TOPSIS Hierarchy for Oil and Gas Field Alternatives for CO2-EOR
Applications

The validation of the AHP-TOPSIS model in this study was carried out through an
expert judgement approach obtained using a structured survey and/or Focus Group Discussion
(FGD) with stakeholders who have competence and experience in planning and evaluating
CO: injection-based Enhanced Oil Recovery projects.

At this stage, an analysis of the data collection and processing that has been carried out
is carried out. Analysis was carried out on the weights of criteria and sub-criteria obtained from

3865



AHP-TOPSIS modeling with Microsoft Excel. The data obtained will be analyzed related to
the consistency value of the CI and CR variables, whether it is in accordance with the
evaluation of the criteria and the reality of conditions in the field.

RESULTS AND DISCUSSION

The Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) method
was used in this study to determine the best alternative oil and gas field priorities as candidates
for the implementation of CO:-Enhanced Oil Recovery (CO:-EOR-based Carbon Capture,
Utilization, and Storage (CCUS) projects. This approach is used because the implementation
of CCUS technology in the oil and gas field is not only influenced by one technical parameter,
but involves various interrelated multidimensional aspects, such as reservoir characteristics,
well integrity, production performance, readiness of surface facilities, and social and
operational factors in the field.

In this study, the TOPSIS method was integrated with the AHP method, where the priority
weight of each criterion obtained through AHP was then used in the alternative ranking process
using TOPSIS. This approach allows the evaluation process to be carried out more
systematically because it considers the level of importance of each criterion while measuring
the proximity of each alternative to the ideal conditions for the implementation of CO2-EOR-
based CCUS projects.

The stages of TOPSIS analysis in this study consist of normalization of the decision
matrix, the formation of a weighted normalized matrix, the calculation of preference values,
and the determination of the best alternatives. The relationship between these stages is
important because the results of each process will be the basis in the next stage until the final
ranking of alternative oil and gas fields is obtained.

Before the normalization stage in the TOPSIS method, the data on each criterion and
subcriteria is first converted into a scoring scale of 1-5. This approach is used because some
of the technical and operational data, which is the basis for evaluation, is company data that is
sensitive and has limitations to be published directly. Therefore, the actual value of each
parameter is represented in the form of an assessment range that has been determined based on
literature reviews, industry standards, and the results of discussions with subject matter experts
(SME). Higher scores indicate more favorable conditions for the implementation of CO2-EOR
technology, while lower scores indicate technical, operational, infrastructure, or risk limitations
that may affect the success of the project. This approach allows the evaluation process to be
carried out objectively and measurably without revealing confidential field data.

Table 1. Criterion A Value Scale

. - . Fluid Well Reservoir
Scoring Porosity  Permeability Lithology Saturation Pressure/MMP
% mD Rocks %o psi
1 <5 <1 Shale <20% Non-Miscible (Pr/MMP
<0.7)
2 5-10 1-10 Sandy Shale 20-35% Low Feasibility
(Pr/MMP 0.7-0.85)
3 10-20 10-100 Sandstone 35-50%  Near Miscible (Pr/MMP
0.85-1)
4 20-30 100-500 Carbonate 50-60% Miscible Feasible
Clastic (prMMP 1 - 1.2)
5 >30 >500 Carbonate >60% Strong Miscibility
Reef (Pr/MMP >1.2)
Source: Authors' compilation based on Al-adasani & Bai (2010), Ahmed (2010), Dake (1978), and

Dandekar (2013)
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Table 2. Criterion B Value Scale

Scoring Wellhead Integrity Cement Integrity
Wellhead Condition % good
1 Heavy leaks No Bond (High amplitude, free pipe)
2 Needs major repairs Poor Bond (Channeling dominant)
3 Minor repair Fair Bond (Parsial Bond)
4 Good condition Good Bond (Good bond most intervals)
5 CO:z-ready Excellent Bond (Excellent hydraulic insulation)
Source: Authors' compilation based on industry standards and expert judgment (2026)
Table 3. Criterion Value Scale C
Scoring Cost/Barrel Production
Realization
USD/bbl %
1 >40 <80%
2 3040 80-90%
3 20-30 90-100%
4 10-20 100-110%
5 <10 >110%

Source: Authors' compilation based on Jiang et al. (2019) and company data (2026)

Table 4. Criterion Value Scale D
. Contract Availability Age and Compati!)i.li.ty of Production
Scoring Facilities
Any/None Year
1 No CO: supply/pumping contracts, no Facilities are very old/incompatible,
vendors yet major replacement required
2 There is vendor identification but there is Old facilities with high
no MoU/technical agreement yet integrity/corrosion risk, major
retrofitting required
3 There is a Memorandum of Understanding Moderate aging facilities, need moderate
/ (Lol) Letter of Interest, capacity has not upgrade for CO: service
been fully secured
4 Supply & pumping contracts are available, Facilities are quite good, only minor
but there are still volume/flexibility retrofits/modifications
limitations
5 Long-term contracts available, pumping Relatively new facility (<10 years), good

capacity proven and guaranteed

integrity, compatible for CO: injection
without significant modifications

Source: Authors' compilation based on expert judgment and FGD results (2026)

Table 5. Scale of Crite

ria E

Social Issues

Facility Location

Scoring from Residential
Many Far Close
1 Heavy rejection >50 km
2 Many complaints 30-50 km
3 Manageable issues 10-30 km
4 Minimal issues <10 km
5 Strong support Co-located

Source: Authors' compilation based on expert judgment and FGD results (2026)
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So that data is obtained that will be included in the TOPSIS analysis in table 6. Next

Table 6. Scorini Score for each Field

Stuart O'T 5 4 3 5 5 3 4 4 2 2 3 2 4
Five 3 3 3 5 3 3 4 3 3 2 3 2 3
Warrior 2 2 3 3 2 1 3 5 3 2 2 3 3
Ades 5 4 4 4 5 1 4 4 4 2 2 2 3
Rambo 2 2 2 5 1 2 3 2 2 2 2 4 3
Sum Squared 8,19 7,0 6,86 10,0 8,0 490 8,12 837 6,48 447 548 6,08 7,21

Source: Expert judgment and scoring based on company data (2026)

Decision Matrix Normalization

The initial stage in the TOPSIS method is to normalize the decision matrix for all oil
and gas field alternatives evaluated. The normalization process is carried out to equalize the
data scale between criteria so that parameters with different units can still be compared in the
same evaluation system.

In this study, normalization was carried out on all evaluation parameters related to the
readiness of the implementation of CO.-EOR-based CCUS projects, including reservoir, well
integrity, production performance, infrastructure readiness, and social issue parameters. This
stage is important because each parameter has different numerical characteristics, such as
reservoir pressure, permeability, water cut, distance to CO: sources, to the level of social
acceptance of the community around the field.

Through the normalization process, all alternative values are converted into
dimensionless values so that they can show the proportion of each alternative's contribution to
each evaluation criterion. Thus, the results of normalization are able to provide a more objective
basis for evaluation in the next weighting process. The results of the normalization of the
decision matrix are presented in Table 7 below.

Table 7. Normalized Decision Matrix

Prabu Square 0,611 0,571 0,438 0,500 0,625 0,612 0,492 0,478 0,309 0,447 0,548 0,329 0,555
Five Courts 0,367 0,429 0,438 0,500 0,375 0,612 0,492 0,359 0,463 0,447 0,548 0,329 0,416
Warrior Field 0,244 0,286 0,438 0,300 0,250 0,204 0,369 0,598 0,463 0,447 0,365 0,493 0,416
Ades Square 0,611 0,571 0,583 0,400 0,625 0,204 0492 0478 0,617 0447 0,365 0,329 0,416
Rambo Square 0,244 0,286 0,292 0,500 0,125 0,408 0,369 0,239 0,309 0,447 0,365 0,658 0,416
Total 2,077 2,143 2,188 2,200 2,000 2,041 2,216 2,151 2,160 2,236 2,191 2,137 2,219

Source: TOPSIS calculation results (2026)

Based on the results of the normalization, it can be seen that each alternative oil and gas
field has a standardized evaluation value on all criteria. This value is then used as an input in
the formation of a weighted decision matrix according to the priority weight of the AHP results.
Formation of Weighted Normalized Matrix

The next stage is the formation of a weighted normalized matrix by multiplying the
normalization value of each alternative to the priority weight of the criteria resulting from the

AHP method.

3868



In this study, the weighting process is very important because not all criteria have the
same level of influence on the success of the implementation of CO:-EOR-based CCUS
projects. For example, reservoir parameters such as reservoir pressure, permeability, and ability
to achieve miscible conditions have a greater technical influence than other parameters. On the
other hand, infrastructure readiness and social factors remain important aspects as they relate
to operational sustainability and project implementation risks in the field.

The establishment of weighted matrices allows the TOPSIS method to integrate the
strategic priorities of each criterion into the alternative evaluation process. Thus, field
alternatives that have high performance on criteria with large weights will obtain a more
dominant evaluation score than other alternatives. The weighted normalized matrix results are
presented in Table 8 below.

Table 8. Weighted Normalized Matrix

Prabu
Square 0,073 0,104 0,024 0,028 0,015 0,016 0,065 0,034 0,066 0,026 0,011 0,003 0,016
Five
Courts 0,044 0,078 0,024 0,028 0,009 0016 0,065 0,026 0,099 0,026 0,011 0,003 0,012
Warrior
Field 0,029 0,052 0,024 0,017 0,006 0,005 0,049 0,043 0,099 0,026 0,007 0,005 0,012
Ades
Square 0,073 0,104 0,033 0,022 0,015 0,005 0,065 0,034 0,132 0,026 0,007 0,003 0,012
Rambo
Square 0,029 0,052 0,016 0,028 0,003 0,011 0,049 0,017 0,066 0,026 0,007 0,006 0,012
Source: AHP-TOPSIS calculation results (2026)

The weighted matrix shows the relative contribution of each alternative to the entire
evaluation criteria after considering the level of importance of each parameter in the
implementation of the CCUS project. The values at this stage are then used to determine the
positive ideal solution and the negative ideal solution.

Calculation of Preference Values

After obtaining the weighted decision matrix, the next stage is to calculate the
preference value of each alternative based on its proximity to the positive ideal solution and its
distance to the negative ideal solution.

In this study, the ideal solution positively represents the most optimal oil and gas field
conditions for the implementation of CO:-EOR-based CCUS projects, namely fields that have
the best reservoir characteristics, good well integrity, potential production performance,
adequate supporting infrastructure, and low social risks. In contrast, the negative ideal solution
describes the field conditions with the lowest level of feasibility for the implementation of the
CCUS project.

The calculation was carried out using the Euclidean distance approach to determine the
positive separation value and negative separation of each alternative. Furthermore, the
preference value is calculated based on the ratio of proximity relative to the positive ideal
solution. The greater the preference value obtained, the more feasible the alternative is
considered and the closer the ideal conditions for CO.-EOR implementation. The results of the
calculation of the alternative preference value of oil and gas fields are presented in the
following Table 9.

Table 9. Preference Value Calculation Results
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v+ 0,073 0,104 0,033 0,017 0,015 0,016 0,065 0,043 0,132 0,026 0,011 0,006 0,012

V-

0,029 0,052 0,016 0,028 0,003 0,005 0,049 0,017 0,066 0,026 0,007 0,003 0,016

Source: TOPSIS calculation results (2026)

These results show the relative level of proximity of each oil and gas field to the ideal

conditions for the implementation of the CCUS project. These preference values then become
the main basis in the alternative ranking process in the final stage of analysis.
Determining the Best Alternatives

The final stage in the TOPSIS method is to determine the best alternative oil and gas

field based on the highest preference value obtained from the previous stage.

In the context of this research, the best alternative represents the oil and gas field that

is most ready and most potential to be used as a candidate for the implementation of CO.-EOR-
based CCUS projects. The field is considered to have a combination of technical and non-
technical parameters that best support the success of CO: injection, both in terms of increasing
oil recovery, operational readiness, and long-term carbon storage potential.

The ranking process is carried out by sorting all alternatives based on preference values

from highest to lowest. The alternative with the highest preference value is considered to have
the closest distance to the positive ideal solution and the farthest distance to the negative ideal
solution. The results of the ranking of alternative oil and gas fields are presented in Table 10
below.

Table 10. Best Alternative Calculation Results

Prabu Square 0,068 0,075 0,522 2
Five Courts 0,056 0,051 0,474 3
Warrior Field 0,079 0,044 0,359 4
Ades Square 0,016 0,100 0,865 1
Rambo Square 0,103 0,007 0,068 5

Source: TOPSIS calculation results (2026)

Based on the results of the analysis, the Ades oil and gas field was obtained with the

highest priority as the main candidate for the implementation of the CO.-EOR-based CCUS
project at PT JFS. These results show that the AHP-TOPSIS integration approach is able to
produce an objective, systematic, and appropriate decision-making system to evaluate the
complexity of parameters in the development of CCUS projects in mature oil and gas fields.

In addition to providing the best alternative recommendations, the results of this research

can also be used as a strategic basis in the preparation of the CO:-EOR implementation
roadmap, evaluation of CCUS project investments, and the development of low-emission oil
and gas field management policies in the future.

Reservoir Properties Criteria Validation

The Reservoir Properties criterion obtained the highest priority in the AHP weighting

results because it is theoretically the main factor that determines the success of the
implementation of CO2-EOR. Based on the theory described in Chapter 2, the CO- injection
process is strongly influenced by the characteristics of the rock and reservoir fluids that control
the CO: storage ability, fluid movement, and the effectiveness of the oil transfer mechanism.
Therefore, the subcriteria of porosity, permeability, lithology, fluid saturation, and reservoir
pressure are used as the main indicators in the field selection process.
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In the implementation of CO2-EOR Sukowan, all stages of the study began with the
evaluation of reservoir characteristics through geological modeling, static modeling,
petrophysical analysis, and reservoir simulation. Porosity and permeability are used to evaluate
the ability of the reservoir to receive and distribute the injected CO-. Theoretically, porosity
determines the storage capacity of the fluid in the reservoir, while permeability determines the
ability of CO- flow to reach oil that is still trapped within the rock. In the Sukowan study, these
two parameters became the basis for the construction of reservoir models and CO: injection
simulations.

In addition, the lithological characteristics of the Sukowan carbonate reservoir are also
one of the main reasons for choosing the CO2-EOR method. In theory, lithology affects the
distribution of pores, reservoir heterogeneity, as well as the fluid flow mechanism that will
determine the effectiveness of the displacement process. The screening results of the feasibility
study showed that the characteristics of the Sukowan reservoir met the criteria for CO.-EOR
application, thus validating the importance of lithological subcriteria in the AHP-TOPSIS
model.

In terms of fluid saturation, the CO:-EOR theory explains that the existence of
remaining oil saturation is the main requirement for CO- injection to be able to produce
significant additional production. In Sukowan's study, the existence of oil that is still left is one
of the main factors that support the development of the CO.-EOR project. This is evidenced by
the positive production response in the implementation of Huff & Puff and Inter-Well Injection
which shows that there is still oil that can be mobilized by CO..

The reservoir pressure subcriteria has also been shown to play a very important role.
In the CO2-EOR theory, reservoir pressure determines the ability to achieve miscible
conditions between CO- and oil that will increase displacement efficiency. In the Sukowan
implementation, reservoir pressure and injection pressure are the main parameters monitored
during the project implementation because they are directly related to the success of the CO.-
EOR mechanism.

Based on this comparison, it can be concluded that all subcriteria in the Reservoir
Properties criteria have a very high conformity with the technical parameters used in the
feasibility study and the implementation of CO.-EOR Sukowan. This shows that the high
weight given by the AHP method to this criterion is in accordance with the actual field
conditions.

Validation of Well Integrity Criteria

The Well Integrity criterion occupies a high priority in this study because theoretically
the success of CO: injection is determined not only by the reservoir, but also by the ability of
the well to maintain mechanical integrity during operation. CO: dissolved in formation water
can form a corrosive environment that has the potential to damage the well's tubing, casing,
packer, and cement.

The first sub-criterion, namely the condition of the wellhead and well equipment, is
used to evaluate the readiness of the well facility for CO- injection operations. Theoretically,
well equipment should be able to withstand operating pressure and CO: exposure in the long
term. In the implementation of Sukowan, evaluation of the condition of the well is carried out
before injection through inspection of completion, tubing, packer, and other injection facilities.
Even in the implementation of Inter-Well Injection, it was found that the compatibility of
packer materials to CO- exposure was one of the main lessons learned from the project.

The second sub-criterion, namely the Cement Bond Log (CBL), is used to assess the
quality of cement bonds behind the casing. In theory, good cement quality is needed to prevent
CO: migration through the annulus which can cause leakage or loss of containment. In the
Sukowan feasibility study, evaluation of cement quality, potential flow behind casing, and
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casing condition is an important part of the well integrity study before the implementation of
CO:-EOR is carried out.

The results of the implementation show that the two subcriteria used in this study have
a direct relationship with the safety aspect and the success of CO2-EOR operations so that the
validity of the Well Integrity criterion can be stated to be very high.

Validation of Production Criteria

Production criteria are used to evaluate the technical and economic benefits resulting
from the application of CO:-EOR. Theoretically, the main goal of EOR technology is to
increase oil acquisition through the mobilization of oil that is still left in the reservoir.
Therefore, production indicators are the main parameter in measuring the success of a project.

The cost per barrel subcriterion is used to describe the cost efficiency required to
produce additional oil production. In the Sukowan study, economic evaluation was carried out
comprehensively through an analysis of facility investment, operating costs, and additional
production projections resulting from the CO2-EOR project.

Meanwhile, the subcriteria of production realization against the target are used to
measure the effectiveness of project implementation. In the implementation of the Sukowan
Inter-Well Injection, it was found that there was additional oil production in the observation
well after CO: injection was carried out. These results show that increased production is indeed
a key success indicator used in the evaluation of actual projects.

Thus, the two subcriteria in the Production criteria are proven to be relevant to the
objectives of the CO.-EOR implementation and are in accordance with the evaluation approach
used in the Sukowan project.

Infrastructure Criteria Validation

The Infrastructure criteria are used to assess the readiness of facilities needed in the
CO2-EOR implementation chain ranging from CO: sources, transportation, treatment, to
injection facilities. Theoretically, the success of the CO:-EOR project depends not only on a
good reservoir, but also on the availability of infrastructure capable of supporting sustainable
operations.

Contract and facility availability subcriteria are used to evaluate the readiness of
supporting facilities such as compressors, pipelines, CO2 processing facilities, and injection
facilities. In the Sukowan project, this aspect is one of the main focuses both in the feasibility
study and in the field implementation stage. Various facility development options, pipelines,
and injection system configurations are evaluated before the project is executed.

The age and compatibility subcriteria of the facility are used to ensure that the available
facilities are capable of operating safely in a CO.-containing environment. Theoretically, CO-
can increase the risk of corrosion so that incompatible facilities will increase the risk of
operation failure. In the implementation of Sukowan, the evaluation of the material
compatibility of facilities is one of the main concerns during the implementation of the project.

The results show that the Infrastructure criteria used in the study have a high level of
conformity with the actual CO--EOR implementation needs.

Validation of Social Issue Criteria

The Social Issue criteria are used to accommodate non-technical factors that can affect
the success of project implementation. Although it has a lower weight than the technical
criteria, the social aspect is still important because it relates to public acceptance, ease of
operation, and sustainability of the project.

The subcriteria of social aspects in the field were used to assess the level of public
acceptance and potential social disturbances to operational activities. In the implementation of
Sukowan, there are several adjustments to operational activities that take into account
environmental conditions around the project site, which shows that social factors still affect the
implementation of field activities.
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Meanwhile, the subcriteria of the constraints of the location of production facilities are
used to evaluate the ease of access, land use, and integration of facilities with the surrounding
environment. In the development of the Sukowan project, aspects of facility location, pipelines,
and operating areas are part of the project development study.

Although the contribution is not as large as the reservoir or infrastructure factors, the
results of the implementation show that the social aspect still has an influence on the smooth
running of the project so that the existence of this criterion in the AHP-TOPSIS model can still
be justified.

Validation of the AHP-TOPSIS Model at PT ABC

To ensure that the AHP-TOPSIS model developed in this study can be used more widely
and not only limited to the main research object, a test was carried out using field data from PT
ABC which is located in East Java and has different characteristics of reservoirs, facilities, and
operational conditions. This test aims to evaluate the model's ability to generate consistent
recommendations when applied to data derived from different operational environments.

At this stage, the weighting of criteria and subcriteria that have been obtained through
the AHP method is used without change. Furthermore, the TOPSIS process is carried out using
actual data from several field alternatives that have been converted into an assessment scale in
accordance with the scoring system used in the research. The TOPSIS process is carried out
through the stages of preparing a decision matrix, normalizing the matrix, weighting based on
the results of the AHP, determining the ideal solution positive and the ideal solution negative,
calculating the distance to each ideal solution, and calculating the preference value of each
alternative.

The results of the calculation show that the Sukowan field obtained the highest
preference value compared to other alternatives. The score shows that Sukowan has the closest
distance to the positive ideal solution and the farthest distance to the negative ideal solution
based on the combination of all the criteria and subcriteria used in the study. Thus, Sukowan is
recommended as the best alternative for the implementation of CO2-EOR in this test case.

Interestingly, the ranking results obtained through the AHP-TOPSIS model are in line
with the results of technical studies and project development that have been carried out in the
field. This means that without including information about the results of previous studies or
field development decisions into the model, the TOPSIS process is still able to identify the
alternatives that have the most appropriate characteristics based on the parameters used. This
shows that the criteria, subcriteria, and weights built in the study have been able to represent
influential factors in the selection of CO2-EOR field candidates.

In addition, this test also shows that the model is still able to distinguish quality between
field alternatives even though all alternatives have characteristics that are relatively feasible to
develop. The difference in preference values produced shows that the TOPSIS method not only
functions as a selection tool, but is also able to provide development priorities based on the
level of suitability of each field to the ideal conditions for the implementation of CO.-EOR.

Based on these results, the developed AHP-TOPSIS model can be stated to have a good
level of robustness because it is able to produce consistent decisions when applied to field data
outside the main research object. Thus, this model has the potential to be used as a decision
support system in the screening and prioritization process of CO:-EOR field candidates in
various oil and gas working areas that have similar characteristics.

CONCLUSION

The research successfully identified alternative oil and gas fields with potential for the
implementation of CO:-EOR-based CCUS technology within PT JFS’s operational area,
namely the Prabu, Lima, Ades, Pendekar, and Rambo fields. These field alternatives were
selected based on their mature field characteristics, potential for increasing oil recovery through

3873



CO: injection technology, and the availability of supporting data required for the evaluation
process. The results showed that the Ades field ranked as the first priority and was considered
the most feasible candidate for CO2-EOR implementation, followed by the Prabu, Lima, and
Pendekar fields. Meanwhile, the Rambo field ranked fifth and represented the lowest-priority
candidate for the implementation of this technology.

The study successfully identified and evaluated the weights of criteria and subcriteria
influencing the success of CO2-EOR implementation using the AHP method, consisting of five
criteria and thirteen subcriteria developed through Focus Group Discussions (FGDs) with
Subject Matter Experts (SMEs). The weighting results indicated that Reservoir Properties had
the highest criterion weight, accounting for 0.438 of the total criteria weight. At the subcriterion
level, Production Realization obtained the highest weight of 0.215, followed by Permeability
with a weight of 0.183. These weighting results provided an evaluation framework that could
be applied systematically in the field candidate screening and prioritization process.

The research successfully developed and validated an AHP-TOPSIS-based decision-
making model to determine the priority ranking of oil and gas fields as candidates for CO.-
EOR implementation at PT JFS. Model validation was conducted using a case study of CO:-
EOR implementation at PT ABC, where the Sukowan Field was identified as the most feasible
candidate compared with two other evaluated fields. The validation results demonstrated that
the factors incorporated into the model were consistent with the technical and operational
considerations applied in actual project development. Therefore, the developed model can be
utilized as a decision-support tool for field screening and prioritization in the development of
CCUS projects based on CO2-EOR technology.
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