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ABSTRACT - Horizontal wells are widely recognized for improving reservoir contact and recovery;

however, their application in marginal oil fields remains economically challenging due to high capital
intensity and fiscal exposure. This study develops a decision-oriented techno-economic framework to
evaluate the feasibility of horizontal well development under Indonesia’s Production Sharing Contract
(PSC) regimes, namely PSC Cost Recovery and PSC Gross Split. Using a representative Indonesian
marginal oil field, production forecasting, cost modeling, and cash-flow simulations are performed to assess
project viability under Pessimistic, Moderate, and Optimistic Scenarios. Economic indicators, including
Internal Rate of return (IRR), Net Present Value (NPV), Payout Time (POT), and Government Take, are
evaluated, followed by sensitivity and optimization analyses. The analysis confirms that PSC Cost Recovery
consistently yields superior economic performance compared to PSC Gross Split, particularly for capital-
intensive developments. Optimization results indicate that Contractor Split adjustment and CAPEX Efficiency
are the most influential fiscal levers, while Investment Credit and First Tranche Petroleum (FTP) adjustments
have a limited impact. This study identifies the quantitative incentive thresholds required to achieve a contractor
Minimum Attractive Rate of return (MARR) of 15%, offering practical guidance for policymakers and operators
in structuring fiscal incentives for marginal field development. The findings provide a structured basis for

aligning horizontal well deployment with fiscal policy to sustain upstream investment.

Keywords: Horizontal wells; marginal oil fields; PSC cost recovery; PSC gross split; fiscal incentives;
techno-economic optimization.
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INTRODUCTION

Declining production from mature fields and
limited large-scale discoveries have intensified the
challenge of sustaining Indonesia’s upstream oil and
gas output. Under these conditions, marginal oil
fields, characterized by limited reserves, elevated
technical risks, and constrained economics, play an
increasingly important role in maintaining national
production levels. The development of such fields
requires not only technical optimization but also fiscal
structures that adequately balance investment risk and
government revenue.

Horizontal well technology has been widely
used to enhance reservoir contact and recovery
efficiency, particularly in reservoirs with thin pay
zones and high heterogeneity. Numerous studies
have demonstrated the technical advantages of
horizontal wells compared to vertical wells.
However, their application in marginal fields is
often constrained by substantially higher capital
expenditures (CAPEX), which can undermine
project feasibility when fiscal conditions are not
sufficiently supportive.

In addition to capital intensity, marginal oil
fields in Indonesia commonly exhibit relatively
high operating expenditures (OPEX) compared to
larger, more established producing assets. This
condition is influenced by several structural
factors, including a limited production scale, aging
infrastructure, higher unit lifting costs, suboptimal
reservoir performance, and, in some cases, remote
or offshore operational settings.

As production rates decline while fixed
operational commitments remain, the unit
operating cost per barrel tends to increase, thereby
compressing project margins. Consequently, the
economic performance of marginal fields is often
more sensitive to production efficiency and
revenue allocation mechanisms than to capital-
based incentives alone. This structural cost
characteristic has important implications for fiscal
design, particularly in evaluating which incentive

instruments provide meaningful leverage in
restoring project feasibility.
Within  Indonesia’s  upstream  regulatory

framework, field development decisions must
satisfy both technical and economic criteria, as
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stipulated in Law No. 22 of 2001 and further
detailed in SKK Migas PTK-007 Rev-2. In
practice, economic feasibility under the production
sharing contract (PSC) system is highly sensitive to
interactions among development cost, production
performance, and fiscal parameters. Indonesia
currently applies two principal PSC regimes, PSC
Cost Recovery and PSC Gross Split, each offering
distinct mechanisms for cost recovery, risk sharing,
and revenue allocation.

Previous studies on petroleum fiscal systems
and marginal field development have generally
addressed fiscal incentives conceptually, examined
single PSC regimes, or focused on technical
productivity and cost estimation without integrating
institutional fiscal structuring. While comparative
discussions between PSC Cost Recovery and PSC
Gross Split exist, most analyses remain descriptive
and do not quantify the incentive thresholds
required to restore project feasibility under capital-
intensive development schemes.

In addition, existing techno-economic studies
typically treat fiscal parameters as independent
variables, without accounting for the hierarchical
structure of regulatory authority within Indonesia’s
upstream governance system. In practice, certain
fiscal adjustments may fall under operational
flexibility and SKK Migas supervision, while
others require higher-level regulatory intervention at
the Ministerial level.

However, the literature does not provide a
structured analytical framework that evaluates
how incentive escalation across these authority
levels affects contractor feasibility and
Government Take under ring-fenced economic
conditions. To address this gap, this study
introduces a decision-oriented techno-economic
framework that integrates dual PSC regime
comparison (PSC Cost Recovery and PSC Gross
Split), discounted cash-flow modeling, and
design of experiment (DOE)-based optimization.

Unlike previous studies that discuss fiscal
incentives in isolation, this research quantitatively
determines fiscal incentive thresholds and
evaluates them within a hierarchical regulatory
Therefore, the proposed framework
conceptual fiscal discussions and

structure.
transcends
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provides a structured policy simulation mechanism
tailored to marginal oil field development in
Indonesia. To clarify this contribution relative to
the existing literature, a systematic comparison is
presented in Table 1.

The uniqueness of this study lies in its
integration of techno-economic simulations and
hierarchical fiscal structuring within a dual PSC
regime. By quantitatively determining the incentive
thresholds required to achieve contractor MARR
and evaluating the escalation of fiscal parameters
across different levels of regulatory authority, this
study goes beyond conceptual fiscal discussions
toward a structured policy evaluation model
applicable to the development of marginal
horizontal oil fields in Indonesia.

METHODOLOGY

This study uses a techno-economic evaluation
framework to assess the feasibility of horizontal
well development in a representative Indonesian

estimation, fiscal modeling, and optimization
techniques to evaluate project performance under
different contractual regimes.

Production performance is estimated using the
analytical horizontal well productivity formulation
proposed by Joshi, with reservoir and fluid
parameters adapted to marginal field conditions.
Three development scenarios—Pessimistic,
Moderate, and Optimistic—are constructed to
reflect variations in reservoir permeability and
resulting well deliverability. Future production
profiles are generated by applying a deterministic
decline rate consistent with mature field behavior.

Economic evaluation is conducted using
discounted cash-flow analysis under two fiscal
regimes: PSC Cost Recovery and PSC Gross Split.
Key economic indicators include internal rate of
return (IRR), net present value (NPV), payout time
(POT), and Government Take. Fiscal assumptions
are aligned with prevailing Indonesian regulations
and contractual practices.

marginal oil field. The analysis integrates Sensitivity analysis was performed to evaluate
production  forecasting,  development cost  the impact of key technical and economic
Table 1 Comparison of previous studies and this study.
. Fiscal . Hierarchical o
Study Primary Methodology regime Incentive fiscal Main limitation C.Olltl'lbll.t ton
focus considered treatment structuring relative to this study
This study extends
Horizontal Analytical .o technlgal. productivity
. . Not Not Purely technical; no analysis into
Joshi (1991) well reservoir No fiscal di . . fiscal
roductivity  model addressed addressed iscal dimension mtegre_lt_ed isca
p feasibility under PSC
regimes
. This study performs
. Indonesian Contractual General No field-level .
Partowidag PSC and economic PSC Cost fiscal No quantitative scenar.lo-based DCF
do (2002) . . Recovery . . - . modeling at field
economics evaluation discussion simulation scale
. This study quantifies
Lubiantara Marginal field - Conceptual PSC Cost Concep tual No quantitative incentive thresholds
fiscal fiscal incentive No . . .
(2007) . . . Recovery . . threshold calculation  required to achieve
incentives evaluation discussion contractor MARR
Techno- Integrated Single No cross-regime This study integrates
Aziz et al. economic techno- PSC Cost . comparison; no dual PSC comparison
(2023) optimization  economic Recovery zicgjzt?on No hierarchical authority — and authority-based
(CCUS case) modeling analysis incentive escalation
. This study applies
Montgomer DeSIgI.] of Two-level Not fiscal- ~ Not . DOE to fiscal
Experiment . . No No fiscal application
y (2017) methodolo factorial DOE  specific addressed parameter
gy optimization
Integrated Quantitativ Yes — :ll;tc?s)i((l)lrllc-(e)iitn ted
Horizontal techno- PSC Cost e Structured hierarchical fiscal
This Stud wells in economic Recovery simulation hierarchical Representative intervention
Y marginal oil modeling and and PSC of fiscal simulation  marginal field case framework
fields DOE-based Gross Split  incentive (SKK Migas . X
oL integrating dual
optimization thresholds —

PSC regimes and
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variables, including production rate, oil price,
capital expenditure (CAPEX), and operating
expenditure (OPEX), on project economics. To
identify the most effective incentive mechanisms,
an optimization analysis is conducted by varying
fiscal parameters, such as Contractor Split,
Investment Credit, first tranche petroleum (FTP),
and CAPEX Efficiency.

A two-level factorial design of experiment
(DOE) approach was employed to quantify the
relative influence of each fiscal parameter on
project IRR. This method enables the identification
of dominant fiscal levers and interaction effects,
providing a structured basis for determining the
incentive combinations required to achieve the
contractor’s minimum attractive rate of return
(MARR). The methodology is designed to support
decision-making by highlighting the fiscal
adjustments that materially improve project
viability under marginal field conditions.

RESULT AND DISCUSSION

The economic evaluation was conducted based
on production forecast data, development cost, oil
prices, and PSC Cost Recovery and PSC Gross
Split contract models. These data are inputs in the
calculation and are explained below.

Estimated well production

The production rate was estimated using the
Joshi horizontal well productivity model, as
expressed in Equation (1).

kh. (P, — B,)
412
Ty h

q= (1)

141.2 , B,.In(
Where:
» K is permeability, md
e his thickness, ft
* Pi—Pwis drawdown pressure, psi
* U, is oil viscosity, cp
* Bo is oil formation volume factor, RB/STB
* Leis effective length of horizontal well, ft

* r,1s wellbore radius, ft
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The data obtained from a representative
Indonesian marginal oil field (hereafter referred to
as the study area) indicate an initial reservoir
pressure (Pi) of 3,000 psia, a wellbore pressure
(Pw) of 1,000 psia, fluid viscosity of 1.5 cp, an oil
formation volume factor (Bo) of 1.2 RB/STB,
reservoir thickness (%) of 50 ft, and a wellbore radius
(rw) of 0.328 ft. The permeability in this reservoir is
assumed to range from 15 to 30 millidarcies (md),
depending on the evaluated scenario.

Based on these parameters, the calculated
productivity index (PI) falls into the low-
performance category, indicating suboptimal well
deliverability. Consequently, from both operational
and economic perspectives, hydraulic fracturing is
recommended to enhance the well’s productivity
and improve early production rates.

The values of permeability (k) are scenario-
dependent, with three cases considered:
Pessimistic, Moderate, and Optimistic. The
assumed permeability values for each scenario are
summarized as follows:

e Pessimistic scenario: using a permeability value
of 15 md, which reflects poor reservoir
conditions for flowing oil, so that reservoir
productivity is limited, and as a result, the
production rate is low.

e Moderate scenario: using a permeability value of
21 md, which is the middle value of the
permeability data distribution, reflecting
moderate reservoir conditions in flowing oil,
and indicating that the production rate is good
for the study area.

e Optimistic scenario: assumes a permeability value
of 27 md, indicating excellent reservoir conditions
and allowing for higher production rates.

Based on the calculations wusing the
aforementioned data, the estimated initial production
rates under each scenario are as follows: The
Pessimistic Scenario yields 482 STB/D, the Moderate
Scenario yields 678 STB/D, and the Optimistic
Scenario yields 860 STB/D.

The implementation of hydraulic fracturing
significantly enhances production performance in
all scenarios. Specifically, in the Pessimistic case,
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the productivity index improves from 0.24 to 0.60
STB/day/psi, resulting in an initial production rate
of 1,206 STB/D. In the Moderate Scenario, the
productivity index increases from 0.34 to 1.02
STB/day/psi, leading to an initial production rate of
2,032 STB/D. Meanwhile, the Optimistic Scenario
sees an increase in the productivity index from 0.43 to
1.50 STB/day/psi, with an initial production rate
reaching 3,009 STB/D. Future production
performance is projected using an annual decline rate
of 15% and summarized in Table 2 and Figure 1.

Table 2 Estimated well oil production for Pessimistic,
Moderate, and Optimistic Scenarios.

development plan for each scenario, namely the
Pessimistic  Scenario, Moderate Scenario, and
Optimistic Scenario, is presented in Table 3 and
Figure 2 below.

Table 3. Estimated oil production for the study area under
Pessimistic, Moderate, and Optimistic Scenarios.

. No. of well ~Cum. production
Scenario
STB/D MMSTB
Pessimistic 10 32.92
Moderate 10 55.5
Optimistic 10 82.18

Cum. production

Initial rate

Scenario 20 Years Economic limit
STB/D MMSTB MMSTB
Pessimistic 1,206 3.29 2.82
Moderate 2,033 5.52 4.73
Optimistic 3,010 8.17 7.01

Development plan

The development plan consists of exploration
drilling, feasibility assessment, and staged field
development aligned with technical, economic, and
HSE requirements. The estimated oil production
for the study area, based on well production and the

Estimated field development cost

Based on the development plan outlined above,
several price assumptions are used for the
economic evaluation:

e Exploration well cost is assumed at US$ 47
million per well, based on SKK Migas standards
for the 2019-2024 period for offshore
exploration wells with a water depth below 200
meters. This cost is then escalated to reflect
2025 values.

e Development well cost is assumed at US$ 35

12

4,000
mmm Oil Production (Pessimistic)
3,500 mmmm Oil Production (Moderate)
mmmm Oil Production (Optimistic) 10
«= = Cum. Oil Production (Pessimistic)
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e Cum. QOil Production (Optimistic)
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=
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3]
-
=
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Figure 1. Well oil production estimates for Pessimistic, Moderate, and Optimistic Scenarios.
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Figure 2. stimated oil production for the study area under Pessimistic, Moderate, and Optimistic Scenarios.

million per well. The development well cost of
US$ 35 million per well includes horizontal

Contract fiscal terms

drilling and hydraulic fracturing operations.
Therefore, stimulation costs are fully incorporated
in the capital expenditure assumption used in this

The economic evaluation was conducted using
both the PSC Cost Recovery and PSC Gross Split
contract models. The parameters and assumptions
used are as follows:

study.

e Cost for studies and seismic surveys is

estimated at US$ 5 million.

e Production facilities costs for the Pessimistic,
Moderate, and Optimistic scenarios are US$
141 million, US$ 438 million, and USS$ 793
million, respectively.

e Variable oil operating cost is assumed at US$ 25
per barrel.

The estimated development costs for the
Pessimistic, Moderate, and Optimistic Scenarios
for the study area are presented in Table 4 below.

Table 4. Estimated development costs for the study area
under Pessimistic, Moderate, and Optimistic Scenarios.

PSC Cost Recovery model

* Contract life : 30 years

* FTP : 10% (shared)

« Contractor share  : 45,00% (after tax)

« DMO 0 25%

* DMOfee : 100%

* Effective tax rate  : 37,6%

* Oil price : 70 US$/bbl
Double Declining

* Depreciation

 Discount factor

- Balance, 25%, 5 years

10%

PSC Gross Split Model.

» Contract life

30 Years

Contractor Split follows Minister of Energy

Capital N ital
c?;:ei Capex e , and Mineral Resources Regulation No. 8 of
Seenario i ngible intangible OPEX, ASR, etc. *2017 on Gross Split Production Sharing
SMM SMM $SMM Contracts and its amendments.
Pessimistic 204 338 839 . . o
Moderate 464 341 1,500 Contre.tctor Split = 79,75 0/0
Optimistic 757 346 2,252 « Effective tax rate : 37,60%
* Oil price 70 US$/bbl

494 1 DOI org/10.29017/scog.v49i1.2025

e Amortization

Unit of Production
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Table 5. Economic evaluation results for the study area under Pessimistic, Moderate, and Optimistic Scenarios.

Scenario Economic indicator Eescgvce(:'s; PSC gross split
IRR, % 12.56% 8.12%
Pessimistic NPV@I0%, MMUSS$ 25.00 -18,772.00
POT, Tahun 13.00 15.00
IRR, % 13.56% 8.91%
Moderate NPV@I0%, MMUS$ 54 -17
POT, Tahun 13.00 14.00
IRR, % 14.54% 9.76%
Optimistic NPV@IO%, MMUS$ 1,099 -5
POT, Tahun 13.00 14.00
* Depreciation Double Declining favorable economic outcomes for both the
Balance, 25%, 5 years contractor and the government.

* Discount factor 10%

Economic evaluation results

The economic calculations using the PSC Cost
Recovery and PSC Gross Split contract models are
presented in Tables 5 and 6 and in Figure 3 below.

Table 6. Comparative analysis of IRR, NPV, and
Government Take percentage to gross revenue under
PSC Cost Recovery and PSC Gross Split models for

Moderate Scenario.

Parameters Unit PSC cost PSC gross
recovery split
IRR % 13.56% 8.91%
NPV to Gross Revenue % 1.39% -0.44%
Gov. Take to Gross Revenue % 22.37% 27.93%
The economic evaluation indicates that

horizontal well development under the Moderate
Scenario yields marginal economic performance
under PSC Cost Recovery and is economically
unviable under PSC Gross Split. This is reflected in
the economic indicators, where the IRR and NPV
under the PSC Cost Recovery model are more
favorable compared to the PSC Gross Split model.
Therefore, the PSC Cost Recovery model is
considered more attractive for the development of
the study area.

Based on the indicators of IRR, NPV, and
Government Take, the following conclusions can
be drawn:

e The PSC Cost Recovery model provides more

e The PSC Gross Split model is economically
unviable under the Moderate Scenario, primarily
due to an IRR below 10% and a negative NPV.

e For field developments involving high risk and
capital intensity, such as horizontal drilling and
hydraulic fracturing, the PSC Cost Recovery
model is more appropriate due to its superior
risk-sharing characteristics.

Economic Sensitivity

Economic sensitivity analysis was conducted to
evaluate the impact of changes in key input
parameters such as production, oil price, capital
expenditure (CAPEX), and operating expenditure
(OPEX) on economic performance indicators,
including internal rate of return (IRR), net present
value (NPV), payout time (POT), and Government
Take. The sensitivity analysis results based on the
PSC Cost Recovery model are presented in the
figures below.

The analysis indicates that the sensitivity of
IRR, NPV, POT, and Government Take to
variations in oil production, oil price, CAPEX, and
OPEX follows consistent economic trends.

e The Oil Price and Production curves show the
most significant relationship in terms of their
influence on IRR, NPV, POT, and Government
Take. When oil prices and production increase,
IRR, NPV, POT, and Government Take also
increase proportionally, and vice versa.
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Figure 3. Comparative analysis of IRR, NPV, and Government Take percentage to gross revenue under PSC Cost
Recovery and PSC Gross Split models for Moderate Scenario.
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Figure 5. NPV as a function of oil production, oil price, CAPEX, and OPEX.
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e Changes in CAPEX and OPEX have a
relatively insignificant effect on IRR, NPV, POT,
and Government Take. Increases in CAPEX and
OPEX decrease IRR, and vice versa., NPV, POT,
and Government Revenue compared to CAPEX.
An increase in OPEX results in a sharper decline in
IRR, NPV, POT, and Government Take compared
to an equivalent increase in CAPEX.

Economic optimization

Optimization was performed to determine
incentives for developing marginally performing
horizontal wells to achieve the contractor’s desired
rate of return. The assumption in this case is that

the contractor’s minimum attractive rate of return
(MARR) is 15%. This stage is carried out by
implementing incentives contained in the PSC,
such as investment credit (IC), CAPEX Efficiency
through the use of shared facilities, changes to the
first tranche petroleum (FTP), and changes to the
contractor split (CS).

Economic optimization is performed by varying
the following fiscal parameters:

1. Investment Credit (IC)

2. First Tranche Petroleum (FTP)

3. Contractor Split (CS), and

4. Capital expenditures (CAPEX) Efficiency.

16 - .
e Production e  Qil Price
e CAPEX e QPEX
15 \\
-
3 \
>~ 14
S \
£ -
[ —
- 13
S
A o .
12 = —~
11

80% 90%

100%

110% 120%

% Parameter Change
Figure 6. POT as a function of oil production, oil price, CAPEX, and OPEX.

1,600 ‘ ‘
e ()il Production @» e»Qil Price

o 1,400 e CAPEX e OPEX
wn
-
S 1,200
< 1,000
= —_— o
[
= 800 " —
£
g 600 ~
) /
O 400

200

80% 90% 100% 110% 120%

% Parameter Change

Figure 7. Government Take (GT) as a function of oil production, oil price, CAPEX, and OPEX.
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The sensitivity of each optimization input to IRR
is presented below.

Investment credit (IC)

The impact of Investment Credit (IC) incentives
on the overall project economics is relatively
limited. Applying a 17% Investment Credit yields a
slight improvement, increasing the IRR by 0.24%
in the Pessimistic case, 0.02% in the Moderate
case, and 0.99% in the Optimistic case.

First tranche petroleum-shared (FTP-shared)

The first tranche petroleum (FTP) mechanism
has limited influence on fiscal attractiveness, as a
lower FTP rate results in only a modest
enhancement of the project’s economic indicators.
When the FTP is reduced from 10% to 5%, the
project’s Internal rate of return (IRR) increases by
only 0.14% for the Pessimistic case, 0.16% for the
Moderate case, and 0.04% for the Optimistic case.
Cash flow at the 10% FTP is more dominant in later
years, as shown in columns 3 and 4, while cash
flow at the 5% FTP is dominant in the early years.
This significantly boosts the IRR, even though the
total cash flow might be the same. These results
suggest that FTP, despite being one of the earliest
revenue streams for the government, does not
decisively determine the viability of capital-
intensive projects.

Contractor split

Contractor Split, which determines the portion of
revenue allocated to contractors, plays a significant
role in improving project feasibility. Several
variations of Contractor Split have been implemented
and are presented in Table 7 and Figure § below.

Table 7. Contractor Split after tax as a function of IRR.

Contractor Split IRR, %

(After Tax), %  Pessimistic Moderate Optimistic
45 12.56 13.40 14.54
50 13.00 14.00 15.00
55 14.10 15.02 16.33
60 14.80 15.76 17.16
62 15.07 16.04 17.48

The sensitivity analysis of the Contractor Split
under the PSC Cost Recovery model indicates that
an increase in the Contractor Split significantly
enhances the internal rate of return (IRR). As
illustrated in the table and figure above, increasing
the Contractor Split by up to 15% results in a
corresponding increase in IRR, ranging from
15.07% to 17.48%.

Capital expenditure efficiency (CAPEX)

The CAPEX Efficiency sensitivity analysis
reveals a positive correlation between -capital
expenditure reductions and improvements in the
contractor’s internal rate of return (IRR).
Accordingly, enhancing cost efficiency should be

30%
H Pessimistic
25% m Moder ate
Optimistic
20%

Internal Rate of Return (IRR), %

45.00 50.00

15%
10%
50
0%

S5.00

60.00 62.00

Contractor Split (After Tax), %

Figure 8. Contractor Split after tax as a function of IRR.
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prioritized as a strategic
development of horizontal wells and the
implementation of hydraulic fracturing. The
relationship between CAPEX Efficiency and IRR is
illustrated in Table 8 and Figure 9 below.

objective in the

Table 8. CAPEX Efficiency as a function of IRR.

CAPEX IRR, %
Efficiency, %  Pessimistic Moderate Optimistic
0 12.56 13.40 14.54
5 13.50 14.30 15.47
10 14.50 15.29 16.45
15 15.56 16.37 17.11

Subsequently, the optimization process focuses
on identifying the combination of parameters that
yields the most favorable economic outcome,
particularly the highest IRR wvalue, using the
Design of Experiment (DOE) method. The
parameter boundaries used in the optimization are
summarized in Table 9 below.

Table 9. Parameter two-level factorial design.

The sensitivity analysis of CAPEX Efficiency under
the PSC Cost Recovery model indicates that
improvements in CAPEX Efficiency lead to a significant
increase in the internal rate of return (IRR). As shown in
the figure above, enhancing CAPEX Efficiency by up to
15% results in an increase in IRR to the range of 15.56%
to 17.11%. These findings underscore the critical role of
investment cost management in development projects, as
reducing CAPEX can substantially enhance a project’s
overall economic viability. The figure illustrates how
effective cost management influences investment
outcomes, thereby supporting strategic decision-making
and the evaluation of long-term project sustainability.

The analysis of the input parameters for
optimization was conducted using the Design of
Experiment (DOE) method, a statistical approach
for evaluating the effects of multiple input
parameters on a given response (Montgomery,
2017). This approach enables the assessment of
parameter interactions, the identification of
dominant factors, and systematic optimization. A
two-level factorial design was applied as an initial
screening method, requiring only 2k experiments,
where k represents the number of parameters
considered. In this study, four parameters were
evaluated, vyielding 24 or 16 experimental
combinations. The relative influence of each
parameter on the internal rate of return (IRR) is
visualized using a Pareto chart, as illustrated in
Figure 10.

The figure above shows that variations in
Contractor Split parameters have the greatest
impact on the internal rate of return (IRR),
followed by CAPEX Efficiency. In contrast, the
effects of First Tranche Petroleum (FTP) and
Investment Credit are relatively minor.

Parameters Min. Max.
Investment Credit (IC) 0% 17%
First Tranche Petroleum (FTP) 5% 10%
Contractor Split (CS) 45% 62%
CAPEX Efficiency 0% 10%

The statistical optimization results, based on the
combination of the four parameters evaluated at
two levels (minimum and maximum), are presented
in Table 10 below. The analysis reveals that the
combination of a high Contractor Split and
increased CAPEX Efficiency consistently yields
higher IRR values, regardless of the values
assigned to FTP and Investment Credit.

This suggests that these two parameters, i.e.,
Contractor Split and CAPEX Efficiency, are the
most influential in enhancing project economic
performance. Based on the optimization sequence,
to achieve a minimum internal rate of return (IRR)
of 15%, a combination of incentive policies is
required, as shown in the figures below.

The figures present several incentive scenarios
as follows:

Case I: Providing an investment credit (IC) of
17%, a fixed first tranche petroleum (FTP) of 10%,
and an increased Contractor Split. In this case:

e The Pessimistic Scenario requires an Investment
Credit incentive of 17%, a fixed FTP of 10%,
and a Contractor Split of 62% to generate an
IRR of 15.03%.

e The Moderate Scenario requires an Investment
Credit incentive of 17%, a fixed FTP of 10%,
and a Contractor Split of 56% to generate an
IRR of 15.02%.

e The Optimistic Scenario requires only an Investment
Credit incentive of 17% to generate an IRR of
15.13%.
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Figure 10. Results of incentive optimization using the Design of Experiment method.

Case II: Providing a 17% Investment Credit

incentive, First Tranche Petroleum (FTP) reduction
to 5%, increased Contractor Split, and CAPEX
Efficiency. In this case:

The Pessimistic Scenario requires a 17%
Investment Credit incentive, 5% FTP, 55%
Contractor Split, and 5% CAPEX Efficiency to
achieve an IRR of 15.03%.

The Moderate Scenario requires a 17%
Investment Credit incentive, 5% FTP, and 55%
Contractor Split, which already achieves an IRR
of 15.07%.

500 | DOI org/10.29017/scog.v49i1.2025

The Optimistic Scenario requires only a 17%
Investment Credit incentive to achieve an IRR of
15.13%.

Case III: Providing an Investment Credit

incentive at 17%, First Tranche Petroleum (FTP)
remains at 10%, Contractor Split remains at 45%,
and CAPEX Efficiency remains. In this case:

The Pessimistic Scenario requires an
Investment Credit incentive of 17%, FTP
remains at 10%, Contractor Split remains at
45%, and CAPEX Efficiency remains at 12%
to achieve an IRR of 15.07%.
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Figure 11. Optimization of incentive provision for Pessimistic Scenario.
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Figure 12. Optimization of incentive provision for Moderate Scenario.
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Figure 13. Optimization of incentive provision for Optimistic Scenario.
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e The Moderate Scenario requires an Investment
Credit incentive of 17%, FTP remains at 10%,
Contractor Split remains at 45%, and CAPEX
Efficiency remains at 8.5% to achieve an IRR
of 15.14%.

e The Optimistic Scenario requires only an
Investment Credit incentive of 17% to achieve
an IRR of 15.13%.

Case IV: Providing a 17% Investment Credit
incentive, fixed First Tranche Petroleum (FTP) at
10%, additional Contractor Split, and CAPEX
Efficiency. In this case:

e The Pessimistic Scenario requires a 17%
Investment Credit incentive, a fixed FTP at
10%, a 50% Contractor Split, and 8% CAPEX
Efficiency to achieve an IRR of 15.03%.

e The Moderate Scenario requires a 17%
Investment Credit incentive, a fixed FTP at
10%, a 50% Contractor Split, and 4% CAPEX
Efficiency to achieve an IRR of 15.02%.

e The Optimistic Scenario requires only a 17%
Investment Credit incentive to achieve an IRR
of 15.13%.

CONCLUSION

e This study demonstrates that the economic
feasibility of horizontal well development in
marginal oil fields is highly dependent on the
alignment between technical performance and
fiscal Although horizontal wells
significantly enhance reservoir contact and
production performance, their high capital
intensity ~ creates  substantial ~ economic
challenges when applied to marginal fields
under prevailing fiscal conditions.

structure.

¢ The comparative analysis between PSC Cost
Recovery and PSC Gross Split indicates that the
PSC Cost Recovery regime consistently
provides more resilient economic outcomes for
capital-intensive developments. Higher internal
rate of return (IRR) and net present value (NPV)
under PSC Cost Recovery reflect more effective
risk-sharing  mechanisms, particularly for
projects involving horizontal drilling and
hydraulic fracturing. In contrast, PSC Gross
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Split offers limited flexibility and results in
economically under
Moderate and Pessimistic Scenarios.

unviable  outcomes

e Optimization and sensitivity analyses reveal that
not all fiscal incentives exert equal influence on
project viability. Contractor Split adjustment and
CAPEX Efficiency emerge as the most
dominant fiscal levers for improving economic
performance, while Investment Credit and First
Tranche Petroleum (FTP) adjustments have a
relatively marginal impact. These findings
suggest that uniform fiscal relaxation may not
represent the most efficient policy approach for
marginal field development.

e By identifying the quantitative incentive
thresholds required to achieve a contractor
minimum attractive rate of return (MARR) of
15%, this study provides a decision-oriented
basis for designing targeted fiscal incentives.
The proposed framework enables policymakers
and regulators to distinguish between incentives
that materially enhance project viability and those
with limited effectiveness, thereby supporting
more efficient, evidence-based fiscal policy
formulation for marginal oil field development.

Policy implication

The findings of this study suggest that fiscal
incentive design for marginal oil field development
should shift from uniform incentive relaxation
toward evidence-based, targeted policy
instruments. By demonstrating that Contractor Split
adjustment and CAPEX Efficiency have a
substantially greater influence on project viability
than Investment Credit or FTP modification, this
study provides a quantitative basis for prioritizing
incentive mechanisms that deliver maximum
economic leverage.

For regulators, the proposed framework can
serve as a screening tool to evaluate incentive
requests transparently and consistently, ensuring
that fiscal flexibility is aligned with project risk,
capital intensity, and production uncertainty. Such
an approach may enhance upstream investment
sustainability while preserving Government Take
and fiscal discipline.
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Recommendation

Based on the findings of this study, the

following policy recommendations are proposed to
support the sustainable development of marginal
oil fields utilizing horizontal well technology:

Adoption of Risk-Responsive Contract Selection.
Regulators should provide flexibility in selecting
PSC regimes based on project risk and capital
intensity. For marginal fields requiring horizontal
drilling and hydraulic fracturing, PSC Cost Recovery
should be prioritized due to its superior risk-sharing
characteristics and ability to sustain contractor
investment under uncertain economic conditions.

Implementation of Targeted Fiscal Incentives.
Fiscal incentives should be designed selectively
rather than uniformly. Increasing Contractor Split
and improving CAPEX Efficiency deliver the
most significant improvements in project viability.
Therefore, incentive policies should prioritize
these parameters rather than relying heavily on
Investment Credit or FTP adjustments, which
offer limited economic leverage.

Tiered Incentive Structure Based on Field Risk.
A tiered incentive framework is recommended,
with Contractor Split adjustments and CAPEX
Efficiency targets calibrated according to
reservoir quality, production uncertainty, and
capital exposure. For Pessimistic Scenarios, a
higher Contractor Split (50-62%) and
substantial CAPEX Efficiency improvements (8
—12%) are required, while Moderate Scenarios
require more moderate adjustments.

Regulators should facilitate CAPEX Efficiency
through policies such as shared infrastructure
utilization, accelerated depreciation for capital-
intensive assets, and streamlined approval
processes. These measures can materially
improve project economics without significantly
reducing Government Take.

Integration of Techno-Economic Evaluation
into Incentive Decision-Making. The decision-
oriented techno-economic framework proposed
in this study can be adopted as a screening tool
for evaluating fiscal incentive requests. By
quantifying the economic impact of each fiscal
lever, regulators can ensure that incentive
approvals are transparent, consistent, and aligned
with national production sustainability objectives.

all

The decision-oriented techno-economic
framework proposed in this study can be
adopted as a screening tool for evaluating fiscal
incentive requests. By quantifying the economic
impact of each fiscal lever, regulators can
ensure that incentive approvals are transparent,
consistent, and aligned with national production
sustainability objectives.
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GLOSSARY OF TERMS AND SYMBOLS

Terms &

Symbols Definition Unit

BOPD Barrels of Oil Per Day  Barrels/day

Bo Oil Formation Volume RB/STB
Factor

CAPEX Capital Expenditure MMUSS$

CS Contractor Split %
Domestic Market o

DMO Obligation o

DDB Double Declining )
Balance

DOE Design of Experiment -

FEED FI‘Ol"lt End Engineering
Design

FTP First Tranche %
Petroleum

GT Government Take MMUSS$

HSE Health, Safety, and -
Environment

IC Investment Credit %

IRR Internal Rate of Return %

k Permeability md

MARR Minimum Attractive %
Rate of Return

MMSTB  Million Stock Tank Barrels
Barrels

NPV Net Present Value MMUSS$

OPEX Operating Expenditure MMUS$

PI Profitability Index Fraction

POD Plan of Development -

POT Payout Time Year
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PSC Production Sharing -
Contract
PTK Pedoman Tata Kerja -
STB/D Stock Tank Barrel per  Barrels/day
Day
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