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AHP-Topsis; Ccus-Eor, Oil Carbon Capture, Utilization, and Storage—Enhanced Oil Recovery
Production Recovery; Coz (CCUS-EOR) is a strategic approach to increasing crude oil
Source production while supporting carbon emission reduction efforts in the

oil and gas industry. This research aimed to determine the most
suitable CO: source scenario for the CCUS—-EOR pilot project in
Field X using the AHP and TOPSIS methods and to evaluate its
technical and economic feasibility. AHP was applied to determine the
weights of four main criteria: CO: quality and specifications, CO2
reservoir and supply capacity, distance and transportation
requirements, and operational risks. TOPSIS was then used to rank
alternative CO: sources, and the results were validated through
technical and economic evaluations. CO: quality and specifications
emerged as the most dominant criterion, with a weight of 55.8%.
Technically, the implementation of CCUS—EOR was considered
feasible with the addition of supporting facilities, including
compression systems, dehydration units, booster compressors, and
pumping systems. The projected CO: injection capacity reached
106,966 tCO: per year and was estimated to increase oil production
by 146,000 barrels per year. Economically, the project generated
annual revenue of approximately USD 11.62 million, with a capital
expenditure (CAPEX) of USD 12.63 million, annual operating
expenditure (OPEX) of USD 1.77 million, and cumulative discounted
cash flow of USD 4.45 million at the end of the second year. The
project achieved an internal rate of return (IRR) of 35.5%, a
discounted payback period of 1.45 years, and a net levelized cost of
CO: (net LCO2) of —USD 27.6. The results demonstrated that the
CCUS-EOR npilot project was technically and economically feasible,
with the potential to increase oil production, reduce carbon
emissions, and minimize dependence on routine flaring.

INTRODUCTION

The upstream oil and gas industry consists of a series of activities ranging from
exploration and drilling to the production of crude oil and natural gas (Al-Sajari, 2026; Patidar
et al., 2023; Sadegh Rajabi et al., 2022; Vasudevan et al., 2023; Wood, 2022). The process
begins with geological studies, followed by drilling activities (Chengda et al., 2023; Deryaev,
2023; Du et al., 2024; Elahifar & Hosseini, 2024; Li et al., 2023; Zhao et al., 2024). If reserves
are discovered and proven to be economically viable, the development and production stages
are carried out. As a government institution authorized to supervise upstream oil and gas
activities, the Special Task Force for Upstream Oil and Gas Business Activities (Satuan Kerja
Khusus Pelaksana Kegiatan Usaha Hulu Minyak dan Gas Bumi / SKK Migas) plays an
important role in supporting national energy security. To achieve this objective, SKK Migas
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establishes oil and gas production targets for all Cooperation Contract Contractors (Kontraktor
Kontrak Kerja Sama / KKKS) in Indonesia. However, oil and gas lifting realization from
KKKS has remained below the annual targets established by SKK Migas (Directorate General
of Oil and Gas, 2025). This condition has encouraged SKK Migas to promote production
optimization efforts across KKKS operational areas. Nevertheless, increasing oil and gas
production may also contribute to higher flaring activities associated with natural gas
production.

High flaring activities can increase environmental pollution due to emissions generated
during the production process (Elijah, 2022; Ogolo et al., 2022; Shojaei et al., 2023; Ukhurebor
et al., 2024; Usiabulu et al., 2023). Carbon emissions in Indonesia have continued to increase,
reaching approximately 674.5 million tons of CO: equivalent (CO2¢e) in 2023 (World Bank,
2025). This figure represents a substantial increase compared with emissions levels from
previous decades. These emissions originate from various sectors, including agriculture,
energy, waste management, and industry. Between 1973 and 1993, CO. emissions increased
significantly, nearly quadrupling within two decades. After 2003, the largest increase occurred,
with emissions rising by approximately 200 million tons of COze within one decade. This
condition indicates that economic growth and industrial activities in Indonesia have not yet
been fully supported by effective emission control measures.

The increasing emission rate contrasts with Indonesia’s commitment under the Paris
Agreement to reduce carbon emissions by 29% to 41% by 2030 through the promotion of clean
energy utilization, renewable energy development, and energy transition initiatives. The
National Energy Council (Dewan Energi Nasional / DEN) has established two scenarios to
support the achievement of these commitments: the business-as-usual scenario and the National
Energy Policy (Kebijakan Energi Nasional / KEN) scenario. Under the KEN scenario,
Indonesia targets reducing CO- emissions by up to 26% through increasing the energy mix,
reducing dependence on carbon-intensive fuels, and expanding renewable energy
implementation from 2020 to 2050. However, these efforts remain insufficient to fully achieve
national emission reduction targets. Therefore, the government has introduced Carbon Capture,
Utilization, and Storage (CCUS) technology as an additional mitigation strategy (Adisaputro
& Saputra, 2017).

The development of CCUS technology in Indonesia has entered the enhanced oil
recovery (EOR) study phase within the upstream oil and gas industry (Best et al., 2011). Field
X was selected as one of the pilot project locations due to its significant potential for CO:
injection based on reservoir characteristics and the availability of remaining oil reserves.
Furthermore, the surrounding area of Field X contains several oil and gas fields with relatively
high CO: concentrations, providing multiple alternative CO: sources for the CCUS-EOR
implementation process. However, each potential CO- source has different characteristics,
including CO: concentration, transportation distance, supply capacity, and processing
requirements. These differences make CO: source scenario selection a complex decision-
making process that directly influences facility design and cost estimation for the CCUS-EOR
pilot project (Rakhiemah & Xu, 2022).

CCUS is an emerging climate change mitigation technology in which CO: emissions
are captured, compressed, transported, and stored in geological formations or utilized for EOR
applications (Shang & Lv, 2023). CO: injection in EOR has been demonstrated to reduce oil
viscosity and improve sweep efficiency through miscible and immiscible flooding mechanisms
(Ahmadinia et al., 2012), while simultaneously enabling CO: storage through dissolution,
residual trapping, and mineralization mechanisms. Indonesia has considerable potential for
CCUS implementation due to the availability of suitable geological formations, including gas
reservoirs, depleted oil fields, and saline aquifers, with an estimated national carbon storage
capacity of 400-600 gigatons of CO: (Parliamentary Analysis Center of the House of
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Representatives of the Republic of Indonesia, 2024). However, implementation readiness
remains constrained by limited carbon pricing regulations, insufficient infrastructure, and high
investment requirements, making fiscal incentives an important factor in successful
deployment (Nugroho et al., 2023).

From an economic perspective, carbon capture costs can account for approximately
70% of total CCUS-EOR investment costs (Li et al., 2020). Project economics are highly
sensitive to CO: quality, oil prices, and transportation distances (Rakhiemah & Xu, 2022; Wu
et al., 2019). Previous research has confirmed that CO- source selection represents a critical
stage in the CCUS operational chain because inappropriate source selection without
considering impurity levels and reservoir compatibility may result in significant cost increases
(Zhang et al., 2022; Wu et al., 2019).

The Analytical Hierarchy Process (AHP) is a multi-criteria decision-making method
developed by Saaty (1980) that applies pairwise comparisons to convert subjective judgments
into measurable mathematical priorities. AHP organizes complex decisions into hierarchical
structures consisting of objectives, criteria, sub-criteria, and alternatives. TOPSIS, introduced
by Hwang and Yoon (1981), ranks alternatives based on their relative proximity to the positive
ideal solution and distance from the negative ideal solution using Euclidean distance
calculations (Taherdoost & Madanchian, 2024). To address the complexity of multi-criteria
decision-making in CCUS projects, the combination of AHP and TOPSIS has been considered
effective for selecting CCUS sites, evaluating operational risks, and prioritizing CO2 source
alternatives (Tapia et al., 2017; Hwang & Yoon, 1981; Zhang et al., 2022).

Based on previous studies, several research gaps have been identified in the existing
literature regarding CCUS—EOR implementation and CO- source selection. Previous research
on CCUS-EOR site selection has predominantly examined technical feasibility or economic
feasibility separately without integrating both aspects through multi-criteria decision-making
approaches. For example, Yang et al. (2023) and Rakhiemah and Xu (2022) conducted
economic evaluations without incorporating MCDM methods. Research applying MCDM
approaches specifically for CO: source selection remains limited, as most studies have focused
on carbon capture technology selection rather than source selection. Tapia et al. (2017) applied
AHP-DEA for CO: utilization option screening, while Zheng et al. (2022) used AHP for CCUS
performance evaluation, but neither incorporated TOPSIS nor focused on CO: source selection.
Furthermore, studies examining CO: source selection within the Indonesian context remain
scarce despite Indonesia’s significant CCUS potential, estimated carbon storage capacity, and
availability of multiple CO: sources across oil and gas fields. Zhang et al. (2022) conducted
MCDM analysis for CO: source selection but applied a different methodological framework in
another geographical context.

The novelty of this research lies in integrating AHP and TOPSIS methods for CO:
source selection in the Indonesian context. This approach combines pairwise comparison-based
weighting with ideal solution-based ranking, unlike previous studies that generally applied
these methods separately. Additionally, this study validates the selected scenario through
simultaneous technical and economic assessments, including compression systems,
dehydration units, pumping facilities, CAPEX, OPEX, NPV, IRR, payback period, and
levelized CO: cost (LCO-). This provides a comprehensive evaluation framework connecting
strategic decision-making with technical implementation. The research also contributes to the
limited literature on CO: source selection in Indonesia by incorporating financial analysis,
including potential carbon credit revenue, which is increasingly relevant considering
Indonesia’s commitment to carbon trading mechanisms and net-zero emission targets.

This research aimed to select the most suitable CO: source alternative and evaluate the
implementation feasibility of the CCUS—EOR pilot project in Field X using a multi-criteria
decision-making (MCDM) approach, particularly the Analytical Hierarchy Process (AHP)
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combined with the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS).
The evaluation of alternative CO: sources considered various technical, operational, and
economic criteria. Through the AHP-TOPSIS method, each alternative was ranked based on
weighted criteria according to the priorities required for the pilot project, enabling a systematic,
objective, and measurable selection process (Tapia et al., 2017). The selection of the optimal
CO: source was not determined by a single parameter but by a combination of multi-
dimensional assessments relevant to CCUS—EOR implementation. The selected scenario was
subsequently evaluated through technical and economic feasibility assessments. Therefore, this
study provides a comprehensive overview of economic feasibility, emission reduction
potential, and technical readiness for CCUS—EOR implementation in Field X as a reference for
future full-scale deployment.

A review of the literature indicates that CCUS is an increasingly important climate
change mitigation technology, where CO: emissions are captured, compressed, transported,
and stored or utilized for EOR applications (Shang & Lv, 2023). CO: injection in EOR has
demonstrated the ability to reduce oil viscosity and improve sweep efficiency through miscible
and immiscible flooding mechanisms (Ahmadinia et al., 2012), while simultaneously enabling
long-term CO- storage through dissolution, residual trapping, and mineralization. Indonesia
has significant potential for CCUS implementation due to the availability of suitable geological
formations, including gas reservoirs, depleted oil fields, and saline aquifers (Best et al., 2011).
However, implementation remains challenged by limited carbon pricing mechanisms,
inadequate infrastructure, and substantial investment requirements, making fiscal support an
important determinant of successful deployment (Nugroho et al., 2023).

From an economic perspective, carbon capture costs represent a major component of
total CCUS—-EOR investment (Li et al., 2020), while project economics remain highly sensitive
to CO: quality, oil prices, and transportation distances (Rakhiemah & Xu, 2022; Wu et al.,
2019). Previous studies have emphasized that CO: source selection is a critical stage in the
CCUS value chain because improper selection without considering impurities and reservoir
compatibility may increase operational costs (Zhang et al., 2022; Wu et al., 2019). Therefore,
the MCDM approach, particularly the combination of AHP and TOPSIS, provides an effective
framework for addressing complex selection problems, including CCUS site evaluation,
operational risk assessment, and CO: source prioritization (Tapia et al., 2017; Hwang & Yoon,
1981; Zhang et al., 2022).

Field X is an oil and gas production field in Indonesia classified as a mature field, with
an Original Oil in Place (OOIP) of approximately 308 million barrels. The field produces
associated gas, which is allocated for internal utilization, sales, and flaring depending on
operational conditions. Field X has reservoir characteristics that support the implementation of
CCUS-EOR, with a porosity of 33%, average permeability of 156 mD, and net thickness of
300 ft, providing favorable storage capacity and CO: injectivity. The reservoir contains light
oil with an API gravity of 39°API and viscosity of 0.429 cP, with oil saturation exceeding 55%
and a recovery factor of 36.19%, indicating potential for additional oil recovery through CO:
injection. The reservoir is located at a depth of 6,200-7,500 ft with an initial pressure of 2,814
psi, which remains above the bubble point pressure of 2,405 psi, thereby supporting the CO-
injection process. Furthermore, the reservoir is part of the Tuban Carbonate Formation, with a
temperature of 275°F, while the H>S content of 0.74% represents an important consideration
in the design of processing facilities and CO: injection systems. Based on the EOR screening
evaluation of Field X reservoir characteristics, including API gravity, viscosity, porosity,
permeability, thickness, depth, temperature, and carbonate lithology, the CO: injection method
demonstrated the highest compatibility compared with other EOR methods, achieving a
suitability criterion of approximately 89% (Company Report). The deep reservoir conditions
and high temperature also support the formation of supercritical CO: phases, which are
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favorable for achieving miscible displacement. These results indicate that CO.-EOR represents
the most promising enhanced recovery option for Field X.

The upstream oil and gas industry generates CO: from various sources, including
natural components of reservoir fluids, gas processing activities, combustion processes (such
as flaring and gas turbines), and venting operations, with varying levels of CO: purity
(Mokhatab & Poe, 2012). Field X is surrounded by several oil and gas fields with diverse gas
composition characteristics, providing multiple potential CO: sources for the CCUS—-EOR
implementation. The identified CO: source alternatives include Fields V, W, X (self-supply),
Y, and Z, as summarized in Table 1.

Table 1. Characteristics of Alternative CO: Source Fields (Company Report)

Field CO: CO: Reserves Rate CO: Gas Type Distance
(%)
Field V 22 95.7 BSCF 17.0 mmscfd Non-Associated 62.4 km
W Field 15 52.0 BSCF 0.15 mmscfd Associated 10.0 km
Field X 40 181.0 BSCF 4.4 mmscfd Associated 0.0 km
Y field 33 853.0 BSCF 100.0 mmscfd Non-Associated 45.8 km
Field Z 35 169.0 BSCF 24.0 mmscfd Associated 31.6 km

Source: Company Report (2024)

The highest CO: level is owned by Field X (40%), followed by Field Z (35%) and Y
(33%), while the largest CO- reserves are owned by Field Y (853 bscf) which also has the
highest supply rate (+100 mmscfd) so that it can support large-scale injection in a sustainable
manner. The W field has a small supply rate so it is more suitable as an additional source. In
terms of distance, Field X does not require transportation because it is located at the injection
site, while Field W is relatively close (£10 km), in contrast to Field Y and Z which are medium-
long distances so that they require a CO: pipeline system that has an impact on CAPEX-OPEX.
This diversity of characteristics confirms that the selection of CO: sources requires a
comprehensive multi-criteria evaluation approach, so that the data in Table 2 form the basis for
the AHP-TOPSIS analysis in this study.

METHODS

This research uses a multi-criteria decision making (MCDM) approach through a
combination of AHP and TOPSIS methods to determine the most optimal CO: source scenario
for the CCUS-EOR pilot project in Field X, because it is able to integrate technical and
operational criteria through a systematic weighting and pairing comparison process. The
research flow is arranged as shown in Figure 1.
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Figure 1. Research Flowchart
Source: Authors' development (2026)
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The initial stage of the research involved identifying the main problem, namely the need
to increase national oil lifting, which could potentially increase CO- emissions from upstream
oil and gas operations. This stage was followed by a literature review on CCUS-EOR, CO:
source characteristics, the AHP-TOPSIS method, and technical and economic feasibility
indicators based on scientific journals, technical reports, industry standards, and government
policies. Primary data were collected through technical interviews and field observations, while
secondary data consisted of simulation results, previous study reports, gas composition data,
production rates, operating pressures, CO: emission data, CAPEX/OPEX estimates,
regulations, and CCUS implementation benchmarks.

The AHP analysis was applied to determine the weights of four evaluation criteria: CO:
quality and specifications, CO: reservoir and supply capacity, transportation distance and
requirements, and operational risks, along with their respective sub-criteria. The hierarchical
structure included five alternative fields (V, W, X, Y, and Z). Criteria validation was conducted
through expert judgment, focus group discussions, and technical consultations with
management and subject matter experts (SMEs) from production, process, and CCUS
divisions. The weighting process applied the Saaty scale of 1-9 and consistency testing with a
consistency ratio (CR) < 0.10. The AHP weighting results were subsequently used as inputs
for the TOPSIS method to rank alternatives through matrix normalization, ideal solution
determination, distance calculation, and preference value analysis. The optimal scenario
obtained from the AHP-TOPSIS analysis was then validated through technical assessments,
including CO: specifications, purification facility requirements, compression systems,
pumping requirements, and injection rates, as well as economic evaluations covering CAPEX,
OPEX, NPV, IRR, payback period, and levelized cost of CO2 (LCOz).

RESULTS AND DISCUSSION
Weighting Priority Criteria (AHP)

Pairwise comparison between criteria and sub-criteria was carried out using the Saaty
fundamental scale (1-9) based on the results of discussions with validators. The results of

matrix normalization and eigenvector calculation resulted in priority weights as summarized in
Table 2.

Table 2. Priority Weights of Criteria and Sub-Criteria of AHP Results

Criteria Weighting Sub-Criteria Weight Sub-
Criteria criteria
A. CO: Quality & Specifications 55,8% Al. CO: Levels 83,3%
A2. H2S Content 16,7%
B. CO: Reservoir & Supply 26,3% B1. CO: production 83,3%
Capacity rate
B2. CO: Reserves 16,7%
C. Distance & Transportation 12,2% - -
Needs
D. Operations & Risk 5,7% -

Source: AHP analysis results based on expert Judgment and FGD (2026)

The results of the consistency test resulted in a Amax value of 4.118, a consistency index
(CI) 0f 0.039, and a consistency ratio (CR) of 0.044, which is below the tolerance limit of 0.1
so that the results of the pairwise comparison are declared consistent. The weight of the
resulting criteria shows that CO. quality and specifications are the most dominant factors,
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followed by CO: reservoir and supply capacity, distance and transportation needs, as well as
operational and risk.
Alternative Rating of CO: Sources (TOPSIS)

The AHP weights in Table 3 are integrated with the TOPSIS decision matrix to obtain
the preference value (Ci) of each alternative CO: source field, as shown in Table 3. Where
Field Y obtained the highest preference value (0.740) and ranked first, so it was chosen as the
best CO: source scenario to continue at the technical and economic validation stage of the
CCUS-EOR pilot project in Field X.

Table 3. Results of Alternative Ranking of CO: Sources Using TOPSIS

Alternatives Ed+ Ed- Value Ratings
Preferences
Y field 0,087 0,248 0,740 1
Field X 0,205 0,195 0,487 2
Field Z 0,175 0,153 0,465 3
Field V 0,235 0,067 0,222 4
W Field 0,276 0,076 0,216 5

Source: TOPSIS analysis results using AHP weights (2026)

Sensitivity Analysis

Sensitivity analysis was performed by varying each criterion/sub-criterion by -30% to
+30% against the baseline value to evaluate the robustness of Field Y's rating+. with preference
values (Psi) moving in the range of 0.609-0.792 for CO: levels and a narrower range for other
criteria. The critical value analysis in Table 4 shows that the rating shift occurs only in two
parameters.

Table 4. Critical Value of Field Sensitivity Analysis Results Y

Criteria Critical Values Psi Ratings
CO: Levels 14% 0,505 2
CO: production rate 30 MMSCFD 0,700 2

Source: Sensitivity analysis results (2026)

The Y Field Rank changes to the second rank only when the CO: level drops to about 14% or
the CO: production rate drops to about 30 MMSCFD.
Selection of CO: Sources and Weighting Implications of Criteria

The dominance of the weight of CO- quality criteria and specifications (55.8%) shows that
the purity and content of CO. impurities are considered the most determining factors for the
technical feasibility of injection, as they directly affect the needs of treatment facilities,
corrosion risk, and the effectiveness of the miscible flooding process. This factor is considered
more important than transportation distance and operational aspects, because operational risks
can still be mitigated through facility design, while CO: quality is a basic characteristic that is
difficult to change without the addition of treatment facilities. The TOPSIS results, which place
Field Y as the best alternative—although not the field with the highest CO: levels nor the
closest proximity to Field X—confirm that the decision to select a CO: source cannot be based
on one dominant parameter, but rather on a combination of large and sustainable supply
capacity (853 bscf, 100 mmscfd) with acceptable CO: quality and operational risks. In contrast,
Field X, which has the highest CO: levels and zero distance, remains in second place due to
limited reserves and long-term supply rates.
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Technical Validation of Selected Scenarios

The gas from Field Y has a low initial pressure (6 psig), a temperature of 129.5°F, a
flow rate of 5.6 MMSCFD, and a composition of CO2 89.2932%, H.O 10.5838%, H.S
0.0049%, and COS 0.0007%. The results of the facility evaluation are summarized in Table 5.

Table 5. Technical Validation of CCUS-EOR Pilot Project Facilities

Evaluation Aspects Key Data/Findings
Minimum CO: CO:2 >95%; H20 <50 ppm; N2 <4%; O2 <10 ppm; hydrocarbons
specification <5%; Sulfur <1400 ppm
Compression stage Pressure target 6 psig to 654 psig; Total CR 32.3
Compressor 4 selected stages (CR 2.38/stage), meeting CR design limit <3 (vs.
configuration 3 stages, CR 3.18)

Dehydration Stage  Pressure 654 to 644 psig; DHU efficiency needs to be improved to
reduce H20 <50 ppm specification
Booster compression Pressure 644 to 1222 psig; CR 1.88; Single Stage Centrifugal

Compressor
Pipeline pressure Pipeline length 44 km; Pressure drop +1 psi
drop
Pumping system Pressure 1215 to 3000 psig (AP 1785 psig); Multicylinder Plunger
Pump

Source: Technical validation results based on process simulation and engineering design (2026)

The results of the technical validation showed that although Field Y was selected as the
best source of CO2, the actual gas conditions (low pressure and high water content) did not
meet the CO2-EOR injection specifications, requiring additional facilities in the form of a
compression system, dehydration unit, booster compressor, and pumping system. The
configuration of the 4 stage intergrally geared centrifugal compressor was chosen because it
produces a lower compression ratio (2.38 compared to 3.18), thus limiting the increase in
compression temperature and improving operating reliability. Furthermore, the dehydration
unit is used to lower the water content so that it meets transportation specifications and prevents
corrosion and the formation of hydrates. After the dehydration process, the multistage
centrifugal booster compressor is used to increase the CO: pressure to close to the dense phase
condition. In the final stage, the multicylinder plunger pump was chosen to achieve a reservoir
injection pressure of 1,785 psig because it is more efficient in pumping CO: fluid in dense
phase conditions. Overall, the need for these additional facilities suggests that the technical
feasibility of Field Y as a CO: source depends on an adequate gas conditioning investment
before it can be injected into Field X.

Economic Validation and Financial Feasibility

The economic evaluation uses a cash flow model with a project duration of 2 years, a
discount rate of 10%, an oil price of USD 70/bbl, and a carbon credit price of USD 15/tCO..
The results of the calculation are summarized in Table 6 (Kelly, et al., 2019).

Table 6. Summary of Economic Results and Financial Feasibility

Parameters Value
Incremental oil production 146,000 bbl/year
CO: injected 106,966 tCO-/year
CO: stored 93,034 tCO./year
Total revenue (oil + carbon credit) USD 11,615,513/year
CAPEX USD 12,629,200
Annual OPEX USD 1,773,163/year
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NPV (discount rate 10%) USD 4,452,565

IRR 35,5%
Payback period / Discounted payback 1.28 years / 1.45 years
Gross LCO:2 (injected/stored basis) USD 84.6/tCO: / USD 97.3/tCO-
Net LCO: (after oil + carbon credit revenue) -USD 27.6/tCO: stored

Source: Economic analysis results based on cash flow model (2026), adapted from Kelly et al. (2019)

With an NPV of USD 4.45 million, an IRR of 35.5% which far exceeds the discount rate
of 10%, and a payback period of less than 1.5 years, indicates that the CCUS-EOR pilot project
in Field X has an attractive return on investment despite the need for significant CAPEX in the
dehydration unit. More importantly, the transition of the LCO: value from positive (gross) to
negative after accounting for oil revenue and carbon credits (-USD 27.6/tCO: stored) shows
that revenues from increased oil production and carbon incentives not only cover CO: handling
costs, but also generate net profits. The results of this study reinforce the statement that the
CCUS-EOR scheme in mature fields with good incremental oil recovery potential can be a
more realistic financing model than pure CCS projects (storage-only), due to the additional
revenue stream in terms of oil production.

The results of the economic evaluation show that the CCUS-EOR pilot project in this study
has better financial feasibility than the study by Yang et al. (2023). Where in the study of Yang
etal. (2023) the IRR value was 12.01% with an NPV of RMB 160,000. The difference is mainly
influenced by the scale of development used. The study by Yang et al. evaluated the
implementation of full-scale development of CCUS-EOR which includes the construction of
commercial CO: capture, transportation, processing, and injection facilities so that it requires
a much larger initial investment. Instead, this study is focused on pilot projects with a more
limited scope of facilities, resulting in lower investment needs and higher NPV and IRR values.
Nonetheless, both studies showed positive NPVs and IRRs above discount levels, indicating
that the implementation of CCUS-EOR was financially feasible.

Risks If CCUS-EOR Is Not Implemented

If the implementation of CCUS-EOR is not carried out, the reservoir pressure of Field X
will continue to decrease along with production, so that the efficiency of the natural propulsion
mechanism is reduced, oil recovery cannot be optimally increased, and the potential of the
reservoir as a carbon storage medium cannot be utilized. The decrease in production volume
also causes lower facility utilization, increased operating costs per production unit, and
potentially shorter economic life of the field, thereby reducing the company's flexibility in
maintaining production targets. From an environmental perspective, CO- that is not used for
injection has the potential to be diverted to the flaring system, increasing the emission of CO-
and other air pollutants (NOx, SOx, CO, particulates) as well as heat radiation, and light that
can disrupt the comfort of the community around the operating area. Thus, the non-
implementation of CCUS-EOR not only eliminates the opportunity to increase oil production
and carbon storage, but also increases the risk of environmental impacts and reduces the
company's contribution to decarbonization and net zero emission targets.

CONCLUSION

Based on the analysis results of the CCUS—EOR pilot project implementation in Field X,
CO: source selection was primarily influenced by CO: quality and specifications, with a weight
of 55.8%, followed by CO: reservoir and supply capacity (26.3%), transportation distance and
requirements (12.2%), and operational risks (5.7%). Field Y was selected as the optimal CO-
source scenario using the TOPSIS method, achieving a preference value of 0.740 and
demonstrating robustness under sensitivity analysis with variations of up to +30%. Technically,
Field X showed strong potential for CO.-EOR implementation, supported by favorable
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reservoir characteristics, pressure conditions, fluid properties, and sufficient carbon storage
capacity. However, additional facilities, including compression systems, dehydration units,
booster compressors, and pumping systems, were required to support the injection process.
From an economic perspective, the project was considered feasible, generating estimated
annual revenue of approximately USD 11,615,513, with a CAPEX of USD 12,629,200, annual
OPEX of USD 1,773,163, an NPV of USD 4.45 million, an IRR of 35.5%, and a negative net
LCO: value of up to “USD 27.6/tCO: stored when carbon credit revenue was included. These
results indicated that the project had the potential to recover implementation costs while
providing additional economic benefits. Therefore, future research should incorporate reservoir
simulation and long-term economic modeling, expand operational risk and facility integrity
assessments, evaluate CO: source integration and transportation network optimization, and
consider regulatory support, fiscal incentives, and clearer carbon trading mechanisms to
strengthen CCUS—EOR implementation in Indonesia.
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