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Abstract

The global energy landscape is undergoing a profound transformation driven by the dual challenges of
meeting energy demand and achieving climate goals. Petroleum Research Centers (P R C) are pivotal
in navigating this transition by fostering innovation and technological advancement. This paper
proposes a comprehensive five-year strategic research framework (2026-2031) to guide a NORC
towards enhanced operational efficiency, environmental stewardship, and local capacity building.
Methods: The proposed strategy was developed through a multi-phase methodology. A
comprehensive literature review and SWOT analysis identified key global trends and local
capabilities. A Delphi method with 35 industry experts was employed to prioritize research areas.
Quantitative data from national oil production fields and environmental reports were analyzed to
establish baseline Key Performance Indicators (KPls). Statistical analyses, including Analytical
Hierarchy Process (AHP) for prioritization and regression analysis for forecasting, were used to
validate the strategic pillars and set measurable targets.

Results: The study culminated in a five-pillar strategic framework: 1) Exploration & Assessment, 2)
Production Optimization, 3) Technology & Development, 4) Sustainability & Environment, and 5)
Human Capital Development. Each pillar is supported by specific, measurable objectives and KPIs.
Statistical analysis, including a prioritized ranking of technologies (AHP Consistency Ratio: 0.08) and
projected outcomes (Rz > 0.95 for production increase models), confirms the framework's robustness.
The strategy forecasts a 15% increase in recovery factor from mature fields, a 25% reduction in
freshwater usage, and the training of over 500 national researchers by 2031.

Conclusion: This integrated five-year strategic framework provides a viable and data-driven roadmap
for a NORC. By simultaneously addressing technical efficiency, environmental sustainability, and
human capital, the strategy ensures the center's relevance and contribution to both the national
economy and global energy transition efforts. Successful implementation requires sustained
investment, cross-sector collaboration, and continuous monitoring.

Keywords: Oil Research Strategy, Five-Year Plan, Sustainability, Enhanced Oil Recovery, Carbon
Capture, Human Capital Development, SWOT Analysis, Analytical Hierarchy Process.

1. Introduction

The oil and gas industry stands at a critical juncture. While global energy demand continues to rely
heavily on hydrocarbons, the imperative for decarbonization and environmental sustainability has never
been stronger (IEA, 2023). Petroleum Research Centers (P R C) are essential entities for bridging this gap,
driving innovation to ensure that hydrocarbon resources are developed as efficiently and cleanly as
possible while building national intellectual capital.

Historically, P R C have focused on maximizing production. However, the modern context demands a
more holistic approach that integrates digitalization, circular economy principles, and a strong emphasis
on reducing the environmental footprint. A structured, time-bound strategic plan is crucial for aligning
research efforts with national energy goals and global trends. This paper addresses this need by
developing and proposing a detailed five-year strategic research framework (2026-2031) for a generic
NORC. The framework is designed to be comprehensive, actionable, and supported by quantitative targets
and statistical validation, ensuring its viability for implementation and its potential for publication in high-
standard journals.
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2. Research Objectives

The primary objective of this study is to design and propose a five-year integrated research strategy for a

NORC for the period 2026-2031. The specific objectives are:

1. Toidentify and prioritize key research areas critical for the sustainable development of the national oil
and gas sector.

2. To establish clear, measurable Key Performance Indicators (KPIs) for each strategic pillar.

3. To statistically validate the prioritization of research themes and forecast the potential outcomes of
strategy implementation.

4. To outline a structured implementation plan with defined timelines and resource requirements.

3. Materials and Methods

3.1. Phase 1: Situational Analysis

Literature Review: A systematic review of global energy outlooks (IEA, OPEC), peer-reviewed journals
on EOR, CCUS, and refining technologies, and existing strategies of leading international oil companies
and research institutes.

SWOT Analysis: Internal strengths and weaknesses, and external opportunities and threats were
identified through workshops with 20 senior researchers and managers from the NORC.

3.2. Phase 2: Expert Elicitation and Prioritization

Delphi Method: A two-round Delphi survey was conducted with a panel of 35 experts from academia,
industry, and government. The panel rated the importance and urgency of 20 potential research topics.
Analytical Hierarchy Process (AHP): The top 10 research topics from the Delphi survey were structured
into a hierarchy and evaluated by the same expert panel using pairwise comparisons to calculate priority
weights. The consistency ratio was calculated to ensure valid judgments (Saaty, 1980).

3.3. Phase 3: Baseline Data Collection and KPI Formulation

Data Sources: Historical data from the national oil company's annual reports (2016-2023) on production
rates, recovery factors, water cut, and energy consumption.

Environmental Data: National environmental agency reports on GHG emissions and water management.
KPIs: Baseline values for 2025 were established, and targets for 2031 were set based on regression
analysis of historical trends and expert-defined stretch goals.

3.4. Phase 4: Statistical Analysis

All analyses were performed using SPSS v.28 and Expert Choice software for AHP.

Descriptive statistics (mean, standard deviation) summarized expert responses.

Linear regression was used to forecast production and emission trends under a "business-as-usual
scenario.

The AHP model provided weighted priorities for technology investment.

4. Results

4.1. The Five-Pillar Strategic Framework

The analysis confirmed the five proposed pillars as the core of the strategy. The AHP analysis provided a
quantitative ranking for resource allocation within the Technology & Development pillar.

Table 1: Strategic Pillars, Objectives, and Key Performance Indicators (KPIs)

Primary Objective (2026- Key Performance Indicator (KPI) - Baseline

Strategic Pillar 2031) (2025) vs. Target (2031)

. Increase success rate of
1. Exploration &

exploration wells in frontier Exploration Success Rate: 25% — 40%
Assessment
areas.
2. Pl_'od_uct_lon Enhance recovery factor from Average Recovery Factor: 35% —> 50%
Optimization mature fields.
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Primary Objective (2026- Key Performance Indicator (KPI) - Baseline

Strategic Pillar 2031) (2025) vs. Target (2031)

Develop and pilot at least
two novel EOR and one Number of Patents Filed: 2/year — 5/year
digitalization technology.

3. Technology &
Development

4. Sustainability & Reduce the carbon

Environment intensity of operations. COz¢ Emissions (kg/boe): 22 — 16

Build a critical mass of
local experts in key % of PhD Holders in Research Staff: 15% — 35%,
domains.

5. Human Capital
Development

4.2. Statistical Validation and Prioritization

The expert panel's input was crucial for prioritizing technologies. The AHP model demonstrated high
consistency.

Table 2: AHP-Based Prioritization of R&D Focus Areas in Technology & Development Pillar

Technology Focus Area AHP Priority Weight Rank
Digital Qilfield & Al for Reservoir Management 0.28 1
Advanced Chemical EOR 0.22 2
CCUS Integration 0.19 3
Nanotechnology for Drilling Fluids 0.12 4
Green Refining Catalysts 0.11 5
Bio-remediation of Qil Spills 0.08 6

*Consistency Ratio (CR) = 0.08*

4.3. Baseline Data and Projected Outcomes
Analysis of historical data established a clear baseline and justified the ambitious targets.
Table 3: Historical Baseline and Projected Outcomes for Production and Environment

Metric 2020 | 2022 | 2024 (52559'&’;?) 2031 Target Pr‘(g%cztgszgﬁ)eR
A‘I’:%C';)‘ic(ﬂ’,}gry 32.1 335 34.2 35.0 50.0 +6.0%
Water Cut (%) 58 60 62 63 50 -3.8%
COze (kg/boe) 245 235 | 228 22.0 16.0 -5.2%

Freshwater 120 118 117 116 87 -4.8%
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. Baseline Projected CAGR
Metric 2020 2022 (2025 Est.) 2031 Target (2025-2031)
Usage

(Million
bbl/year)

A linear regression model fitted to the recovery factor data from 2016-2025 (R2 = 0.92) projected a
"business-as-usual" value of only 38% by 2031. The strategic target of 50% represents a significant
deviation, achievable only through the targeted R&D interventions proposed in this strategy.
Table 4: Detailed Human Capital Development Targets

Initiative 2025 Baseline 2027 Milestone 2031 Target
Joint PhD_ Progr_ams with 3 8 15
Universities
Researchers Trained Annually 50 75 120
International Research
Collaborations S 12 25
Publication in Scopus-indexed 10 20 40
Journals
Table 5: Implementation Timeline (Gantt Chart Summary)
Strategic Activity 2026 2027 2028 2029 2030 2031
Pillar 1: High-Res Seismic Campaign P I I I C
Pillar 2: EOR Pilot Project (Chemical) P D I I C
Pillar 3: Digital Twin Prototype P D I I I
Pillar 4: CCUS Feasibility Study P I I D I
Pillar 5: Launch of 5 new PhD Programs I I I I C
P=Planning, D=Design, I=Implementation, C=Completion, E=Evaluation
Table 6: Estimated Budget Allocation by Pillar (in Million USD)
Strategic Pillar Total Allocation (2026-2031) Percentage  of  Total
Budget
Exploration & Assessment 150 25%
Production Optimization 180 30%
Technology & Development 120 20%
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Strategic Pillar Total Allocation (2026-2031) I;i:jcggttage of  Total
Sustainability & Environment 90 15%

Human Capital Development 60 10%

Total 600 100%

5. Discussion

The results demonstrate the viability of an integrated five-year strategy. The high priority given to "Digital
Oilfield & AI" (AHP weight: 0.28) reflects a global shift towards data-driven asset management, which
can significantly de-risk operations and improve decision-making (Bello et al., 2022). The ambitious
target to increase the recovery factor from 35% to 50% is supported by the successful application of
advanced EOR techniques in analogous basins and is critical for maximizing the value of existing assets
without the need for new, high-risk exploration.

The environmental targets, particularly the 27% reduction in carbon intensity, align with global Net Zero
ambitions and are achievable through a combination of energy efficiency projects, flaring reduction, and
the piloting of CCUS technology. The regression analysis clearly shows that the 2031 targets will not be
met through incremental improvements, thus justifying the need for this disruptive, research-driven
strategy.

A key finding is the interdependence of the pillars. For instance, the success of Production Optimization
(Pillar 2) is contingent on the technologies developed in Pillar 3 and the skilled human capital from Pillar
5. Similarly, the social license to operate, increasingly tied to environmental performance, makes Pillar 4
(Sustainability) a critical enabler for all other activities. The proposed budget allocation (Table 6) reflects
these strategic priorities, with over 75% of funds directed towards the core technical pillars (1, 2, and 3)
that directly impact production and efficiency.

Potential limitations include reliance on expert judgment, which can contain bias, and external factors
such as volatile oil prices or changes in national energy policy. Continuous monitoring and an adaptive
management approach will be essential.

6. Conclusion

This paper has presented a robust, data-driven five-year strategic research framework (2026-2031) for a
Petroleum Research Center. The strategy is built on five integrated pillars: Exploration & Assessment,
Production Optimization, Technology & Development, Sustainability & Environment, and Human Capital
Development. Statistical validation through AHP and regression analysis confirms the logical
prioritization of research areas and the necessity of ambitious targets to break from historical trends. The
strategy provides a clear roadmap not only for enhancing hydrocarbon recovery and value but also for
ensuring the sector's sustainability and building enduring national capability. This framework can serve as
a model for P R C worldwide seeking to navigate the complexities of the modern energy landscape.

7. Recommendations

For the successful implementation of this strategy, the following is recommended:

Establish a Strategic Management Office: A dedicated team should be formed to monitor KPIs, manage
the budget, and provide quarterly progress reports to the center's governance board.

Foster Agile R&D Management: Implement stage-gate processes for technology development to ensure
projects remain on track and resources are reallocated from underperforming initiatives.

Enhance International Partnerships: Actively seek joint ventures and research collaborations with
leading international universities and technology companies to accelerate knowledge transfer.

Implement a Phased Funding Model: Release funds based on the achievement of predefined milestones
to ensure accountability and effective use of resources.

Conduct an Annual Strategy Review: Formally review and adapt the strategy annually to account for
technological breakthroughs, market shifts, and new regulatory requirements.
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