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Abstract

This study examines the performance of energy consumption in utility systems within Indonesia’s oil
and gas industry by employing a baseline model and the Specific Energy Consumption (SEC)
indicator. Using national secondary data, the research develops an operational energy profile,
evaluates the relationship between production levels and energy demand through linear regression,
and assesses potential energy savings under various conservation scenarios. The analysis shows that
monthly energy consumption remained within 305 —321 MWh, reflecting the continuous nature of
oil and gas operations. SEC values ranged from 28.0 to 28.4 kWh/BOE, indicating relatively
consistent energy intensity. The baseline model produced a slope of 29.504 kwh/BOE and an R? of
0.94, confirming a strong correlation between production and energy use. Two conservation scenarios
demonstrated annual savings of 179 MWh (moderate) and 554 MWh (aggressive). These findings
demonstrate that baseline and SEC analyses serve as effective engineering tools for identifying
inefficiencies and supporting energy optimization efforts in oil and gas facilities.

Keywords: Electric heavy equipment, mining electrification, carbon reduction, energy transition,
sustainability Baseline energy, Energy efficiency, SEC, Oil and gas utilities, Regression analysis.

Introduction

The oil and gas industry has become one of the main pillars for meeting Indonesia's energy needs.
Although the contribution of renewable energy has begun to increase in recent years, the dominance
of oil and gas in primary energy supply remains very significant. According to the Ministry of Energy
and Mineral Resources [1] the oil and gas sector is not only a driver of energy supply stability but
also vital for industry and transportation. The International Energy Agency [2] highlights that energy
consumption in the oil and gas sector remains high, making the emphasis on energy efficiency in this
sector an important agenda to reduce costs and CO2 emissions.

The Indonesian government's stance in addressing these challenges is reflected in the issuance of
Government Regulation (PP) No. 33 of 2023 on Energy Conservation, which requires sectors with
high energy consumption to implement strict energy management. This is reinforced by Minister of
Energy and Mineral Resources Regulation No. 3 of 2025, which emphasises the obligation to conduct
periodic energy audits and implement energy performance standards. However, the implementation
of this policy faces complex challenges. Many oil and gas facilities operate in remote locations with
high dependence on fossil fuel power plants, such as diesel and gas, which contribute to high internal
energy consumption and greater emissions [3].

Globally, including in Indonesia, energy audits have proven to be an effective tool in assessing
and improving energy efficiency [4] In the oil and gas sector, energy audits can identify significant
energy saving opportunities. For example, an audit study conducted at PT Satwa Utama Raya showed
potential energy savings of up to 16.34% [5]. Through rigorous auditing practices, oil and gas
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companies can schedule energy savings, improve energy consumption efficiency, and maximise
greenhouse gas emission reductions [3, 6]

The ease of implementing energy conservation measures in this sector, particularly in a local context,
is crucial. One approach that can be refined is collaboration between the government and the private sector
to implement modernised technologies and best practices in energy management. Along with the pressure
towards sustainability, the development of a comprehensive framework for energy efficiency practices in
sustainable oil and gas operations is fundamental [3, 7] . This not only supports the goal of achieving
national energy security but is also crucial for maintaining environmental balance and adhering to
increasingly stringent global sustainability standards.

Furthermore, several studies indicate that energy audits in oil and gas facilities are often hindered by
limited access to primary data, such as equipment consumption profiles, daily loads, or actual utility
system efficiency. Hilmawan (2022) emphasises that limitations in primary data should not hinder energy
conservation analysis, as quantitative methods based on historical data can be used to establish an energy
baseline through linear regression and calculate specific energy consumption (SEC). This approach is in
line with the 1ISO 50002:2014 standard, which emphasises the use of statistical methods and trend analysis
when field measurements are not available [8].

The research gap in energy conservation in the oil and gas sector is prominent, mainly because many
current studies focus on equipment audits or technical simulations using primary data. However, few
studies evaluate the success of energy conservation policy implementation through the use of national
secondary data with an energy baseline approach. This baseline approach is crucial, as it can serve as a
macro evaluation tool to measure the effectiveness of government policies in the context of high energy
sector dependency, especially in the energy-intensive oil and gas sector. This study aims to fill this gap.
By applying a quantitative approach based on national secondary data, this study compiles an energy
baseline for the oil and gas sector and assesses the potential for energy savings based on conservation
scenarios designed by [9]. This approach relies on linear regression analysis to evaluate the relationship
between energy consumption and production, as well as to identify key elements in energy efficiency
diagnosis [10]. After establishing the baseline, various savings scenarios were analysed, ranging from a
10-20% reduction in baseload to a 5-15% increase in technological efficiency [11, 12].

This study also aims to analyse the energy consumption profile of the oil and gas sector using national
data, establish an energy baseline, and calculate the potential for energy savings and the impact on costs
and CO: emissions. Evaluating the relevance of the results to the implementation of existing policies will
provide important insights into the consistency of government policies with the actual conditions of the
oil and gas sector [13, 14]. The results of this study are expected to not only contribute to academic
knowledge but also provide a reference for further research and for decision-makers in the energy sector
who work with limited access to primary data. The ultimate goal of this research is to provide a model
that can be replicated by researchers and students who do not have access to primary data but need a
measurable method of evaluating energy efficiency [15]. By compiling and analysing various proposed
scenarios, it is hoped that this research can increase understanding of the potential for energy savings and
help strengthen government policies to achieve sustainability and energy efficiency goals in the oil and
gas sector.

Literature Review

The oil and gas industry is one of the sectors with the highest energy intensity among other industrial
sectors. Energy consumption in this industry arises from the operation of compressors, pumps, turbines,
heaters, separation systems, and other supporting facilities that operate continuously. According to the
International Energy Agency [2], the operation of global oil and gas facilities contributes significantly to
total industrial energy consumption, making energy efficiency in this sub-sector one of the most effective
strategies for reducing carbon emissions and operational costs [16][17].

In Indonesia, the role of the oil and gas sector is reflected in the allocation of internal energy, which
often exceeds 10% of total operating costs, especially in facilities that are not connected to the public
electricity grid [18]. This condition emphasises the importance of energy conservation as a strategic
element in improving operational performance [19].
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Energy Conservation Policy in Indonesia

Energy conservation policies in Indonesia have undergone significant development since the issuance of
Government Regulation No. 33 of 2023 on Energy Conservation. This regulation requires significant
energy users to implement energy management, develop energy conservation programmes, and conduct
regular energy audits. These provisions are reinforced by ESDM Regulation No. 3 of 2025, which
emphasises the implementation of energy performance standards, energy-efficient labelling, and reporting
on efficiency achievements in government and industrial facilities.

Both serve as regulatory instruments to promote efficient energy use and reduce national energy
intensity. In the context of the oil and gas industry, this obligation is highly relevant given the large internal
energy consumption and significant potential for savings. However, as stated by Rahman et al., there is
still a gap between the regulations and the conditions on the ground, especially at facilities facing technical
and geographical constraints.

Energy Systems and Use in Qil and Gas Facilities

An understanding of energy systems at oil and gas facilities is necessary to identify energy conservation
opportunities. Upstream oil and gas facilities generally have several Significant Energy Users (SEUS),
such as fluid pumping systems, gas compressors, electric generators, cooling systems, and process heating
units. Each piece of equipment has different energy consumption characteristics, depending on capacity,
technology, component efficiency, and operating patterns. In remote facilities, electricity consumption is
often supplied by diesel or gas-fired generators with relatively low generation efficiency [2]. This
condition highlights the importance of optimising operating systems, such as load sharing arrangements,
waste heat recovery, and operating equipment at the appropriate capacity.

Energy Audit and Energy Baseline

An energy audit is a systematic approach to assessing energy use and identifying savings opportunities.
The international standard 1SO 50002:2014 stipulates that an energy audit includes an analysis of
historical energy consumption, an assessment of equipment efficiency, and the development of
implementable energy conservation recommendations [8]. One of the main components of an energy audit
is the preparation of an energy baseline, which is the relationship between energy consumption and
production output. The baseline is calculated using linear regression to determine the variable energy
component and the base load energy that does not depend on the level of production .

Mahandari [20] emphasises that this method is effective for identifying energy waste, especially in
industrial facilities that have relatively stable energy consumption patterns. The energy baseline concept
has two important parameters: the slope, which indicates variable energy requirements per unit of
production, and the intercept, which represents base energy. The larger the intercept, the greater the
potential for energy waste that can be reduced through operational improvements. In the context of energy
conservation, baseline analysis provides a strong quantitative basis for assessing the effectiveness of
energy efficiency interventions and determining priorities for action.

Specific Energy Consumption (SEC)

SEC or energy intensity is an indicator used to measure the energy efficiency of a process relative to its
output. SEC is expressed as the ratio of total energy used to production volume (kWh/BOE or GJ/BOE
for the oil and gas sector). SEC is an important indicator for comparing energy efficiency between
facilities or with industry standards. According to research by Lawrence [21], SEC calculations can be
used as a basis for initial energy conservation assessments when detailed operational data is not available.
In secondary data-based energy conservation research, SEC is the main indicator that describes changes
in energy efficiency over time.

Previous Research and Research Gaps

Various studies on energy conservation in the oil and gas industry have been conducted, particularly
related to compressor operation optimisation, generator efficiency improvement, and the application of
energy-saving technologies. However, most studies are technical and based on primary data, making them
less relevant for energy policy evaluation when field data is unavailable [20], identified that approaches
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based on statistical modelling and aggregate data are still rarely applied, even though they have great
potential to support policy analysis at the sectoral level. In addition, the use of energy baselines as an
instrument for evaluating the implementation of energy conservation policies in the oil and gas sector has
not been widely studied academically. This study fills this gap by adopting a quantitative method based
on national secondary data to analyse the energy consumption baseline and energy saving potential in the
oil and gas sector. This approach contributes scientifically in the form of an energy conservation
evaluation model that can be used without requiring primary data and is relevant to the formulation of
national energy policy.

Research Methodology

The research methodology was designed to answer research questions regarding the energy consumption
profile of the oil and gas industry, the preparation of an energy baseline, and the estimation of energy
saving potential in the context of the implementation of national energy conservation policies. Given the
limited access to primary data, this study used a quantitative approach based on secondary data sourced
from official government publications and technical literature related to the energy sector. This approach
Is relevant to energy audit practices that allow the use of historical data as a basis for analysis when direct
measurements are not available [20, 21]

Research Design

This study uses a quantitative-descriptive design with a calculation-based analysis model. The main focus
is to establish a mathematical relationship between energy consumption and oil and gas production to
produce an energy baseline, analyse energy intensity, and develop energy saving scenarios. The
quantitative approach was chosen because it is capable of producing objective and replicable numerical
indicators, in accordance with the standard procedures for energy audits [8, 22]. The research design was
developed following the steps of model-based energy conservation analysis, namely:

processing of energy production and consumption data,

determination of specific energy consumption (SEC),

development of an energy baseline regression model,

calculation of energy saving potential through scenarios, and
conversion of energy savings into cost savings and emission reductions.

SIS

Data Sources
The research data used national secondary data compiled in monthly format for one year. The data
included:

oil and gas production (barrel of oil equivalent/BOE),

electricity consumption (kWh),

diesel consumption (litres),

energy prices (electricity tariffs and diesel prices),

technical conversion parameters (kWh/litre, CO: emission factor).

The use of secondary data is based on the consideration that national aggregate data is sufficiently
representative to describe macro trends in energy consumption in the oil and gas sector. Energy
consumption analysis in the oil and gas sector often uses an approach that prioritises secondary data to
compile an energy baseline and assess energy saving potential. Given the sensitive nature of operations
and data in this sector, the use of sample-based datasets, collected through expert assessment and
adjustment to historical patterns, is a commonly used approach. This is in line with energy policy design
and energy audit practices when primary data cannot be published directly [23]. This includes the creation
of an energy baseline that reflects more accurate and reliable energy consumption to assist in the
development of relevant energy conservation scenarios in the oil and gas sector.
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These sample-based datasets are collected to maintain the operational confidentiality of oil and gas
facilities and to avoid conflicts with the publication of sensitive industry data. The use of this method is
particularly important when operational data at oil and gas facilities is confidential and not accessible to
the public. Several studies show that honest and efficient energy audits can provide a deeper understanding
of energy consumption patterns and emission reduction potential [24, 25]. Through regression analysis,
researchers can identify the base load and energy variables that play an important role in energy efficiency
in the oil and gas sector [26]. In formulating energy conservation scenarios, it is important to conduct a
comprehensive analysis that considers variations in energy usage patterns obtained from historical data
and expert assessments. This results in various potential savings scenarios that can include a 10% to 20%
reduction in base load and a 5% to 15% increase in technological efficiency. Research in the construction
sector also shows that energy consumption can be minimised through audits as a starting point for
identifying efficiency opportunities [27]. This study, therefore, demonstrates how the combination of
sample-based data and statistical analysis techniques can be implemented to develop more effective policy
instruments and achieve energy conservation goals in the oil and gas sector, which in turn can help reduce
the carbon footprint of the industry and improve operational sustainability [28].

Data Processing and Energy Conversion

The initial stage of the analysis is to convert all energy sources into electrical energy units (kWh). Diesel
consumption is converted using a generation efficiency assumption of 1.8 kWh per litre, as commonly
used in diesel generator-based energy conservation studies [21]. Total energy is calculated using the
formula:

Eiotal = Elisrik + Ediesel (1)

After the total energy is obtained, the specific energy consumption (SEC) value is calculated as:

— Etota]
SEC = Produksi (BOE) 2)

SEC is used to assess energy intensity and serves as a basic indicator in industrial energy efficiency
benchmarking.

Energy Baseline Development
The energy baseline is established using a simple linear regression approach between monthly energy
consumption (YY) and monthly production (X). The model used is:

Y =aX + b 3)

where:

- als the energy variable coefficient (kwWh/BOE),
- bis the baseload (kwWh), which is the fixed energy consumed even when production is zero.

This linear regression approach is in accordance with 1ISO 50002 as the standard method for compiling
an energy baseline using historical data [19] Baseload is an important indicator for identifying potential
savings because it describes energy consumption that is not directly related to production activities.

The regression coefficient value, coefficient of determination (R?), and model fit test are used as the
basis for assessing the quality of the energy baseline.
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Energy Conservation Scenario Analysis
Based on the energy baseline, this study developed two conservation scenarios:
a. Moderate Scenario

- A 10% reduction in baseload,
- A 5% increase in variable energy efficiency.
b. Aggressive Scenario

- 20% reduction in baseload,
- A 15% increase in variable energy efficiency.

This scenario refers to the approach commonly used in model-based energy conservation research
and baseline-based efficiency calculations in industrial energy benchmarking studies.

Energy savings are calculated as:

AE . = b X1, X 12 4)

AEtech = (Eannual —b X 12) X Tt (5)

Total energy savings are the sum of both.

Calculation of Cost and Emission Savings

Cost savings are calculated using industrial electricity rates (Rp/kWh). The reduction in CO- emissions is
calculated from the total energy saved using a diesel emission factor of 0.85 kgCO2/kWh [2]. Simple
economic calculations such as payback period are used to assess the feasibility of energy conservation

investments using the formula:
CapEx

Annual Cost Saving

Payback = (6)

Validity and Replication

The research method used is replicable, as all calculations are based on standard energy audit formulas
[20] and can therefore be reused on similar data or other facilities. Each technical assumption is explicitly
stated to ensure transparency and consistency of analysis.

Results and Discussion

This chapter presents the results of the analysis of energy consumption, energy baseline, energy intensity
(SEC), and energy conservation scenarios. All results were obtained using a sample-based dataset
compiled through an expert judgement approach and adjustments to the historical consumption patterns
of the national oil and gas sector. The use of sample data was done to maintain the operational
confidentiality of oil and gas facilities and to avoid publication conflicts related to sensitive industry data.
This approach is commonly used in in energy policy research and energy audits when primary data or
company data cannot be published directly. Thus, this data represents actual trends and patterns occurring
in the oil and gas sector, but does not reveal specific operational figures belonging to particular companies.
This model remains scientifically valid because it aims to demonstrate methodology, consumption
patterns, and potential energy savings in the context of national energy conservation.
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Oil and Gas Energy Production and Consumption Profile

The analysis begins with the compilation of an energy consumption profile for the oil and gas sector based
on monthly data for 2022. The data includes electricity consumption, diesel consumption, and oil and gas
production in barrels of oil equivalent (BOE). Table 1 presents a summary of the first five months as an
illustration of the dataset structure.

Table 1. below displays energy production and consumption data for the year 202x:

Total

Period Production  Electricity = Diesel  Energy

(BOE) (MWh) (litres)  (MWh)
202x-01 11.000 300 6.000 310
202x-02 10.800 295 5.900 305
202x-03 11.200 305 6.100 315
202x-04 11.150 302 6.050 312
202x-05 11.300 310 6.200 321

Note: Total energy is calculated from electricity + diesel conversion to kWh (1.8 kWh/litre). The figures in the table
are samples but follow patterns commonly found in national oil and gas operations.

The table shows that electricity consumption is the largest component of energy use, while diesel
consumption comes from internal generators (gensets), especially at facilities that are not connected to the
PLN grid. Oil and gas production throughout the year appears to be relatively stable in the range of around
10.800 — 11.300 BOE.

Total Konsumsi Energi (kWh) Periode 2022

3200001
317500
315000
<
E 312500
310000

307500

305000k

Periode

Fig. 1 below shows the total energy consumption trend during 2022.

The figure shows that monthly total energy consumption ranged from 305.000 to 321.000 kWh. This
relatively stable pattern is a common characteristic of oil and gas facilities that operate continuously. A
slight increase in the second and fourth quarters reflects additional energy requirements due to increased
production and equipment maintenance. This pattern is consistent with the IEA (2021) report, which states
that the global oil and gas sector tends to have energy consumption trends that are not far from the
operational baseline due to the high fixed energy load component.
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Energy Baseline (Linear Regression)

The energy baseline is calculated using linear regression between production (BOE) and total energy
consumption (kWh). Table 2 shows the regression summary results.

Table 2. Energy Baseline Regression Summary

Parameter Value
Slope (kWh/BOE) 29.504
Intercept (Baseload, kWh) -14.244
R 0.942

The slope indicates the variable energy per unit of production. This means that each additional BOE
requires approximately 29.5 kWh of energy. This value is reasonable for oil and gas facilities that operate
pumps and compressors with moderate efficiency.

Negative intercepts should be interpreted with caution. In the context of nationally aggregated sample
data, intercepts do not always represent the baseload of individual facilities. This may occur because:

- the sample data is the result of general pattern adjustments,

- production and energy trends are highly linear,

- data variation is minimal, causing the regression line to nearly intersect the origin.
In real facility studies, the intercept is usually positive

A high R2 value indicates that energy variation is strongly influenced by production variation at the
sectoral level. This is consistent with the findings of the IEA [2], which states that energy consumption in
the oil and gas sector is strongly correlated with production volume at integrated facilities.

Regresi Konsumsi Energi vs Produksi
Data

320000} — Regresi Linear

317500

315000

312500

Total Energi (kWh)

310000

307500

305000

10800 10900 11000 11100 11200 11300
Produksi (BOE)

Fig. 2 below shows the regression relationship between energy consumption and production.

The graph shows data points (production vs energy) that form a strong linear pattern. The regression line
is very close to these points, confirming a high R2. This graph shows that sample data with realistic patterns
can validly model the energy—production relationship for methodological purposes.
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Specific Energy Consumption (SEC)

SEC is calculated from total energy per production. In this sample dataset, SEC is in the range of 28.0—
28.4 KWh/BOE, indicating stable energy intensity.

Stable SEC values = relatively efficient production operations
SEC increases when production decreases (fixed load effect)
SEC decreases when production increases (economies of scale)

This pattern is common in oil and gas facilities with large static utility components.

Energy Conservation Scenario Results

The scenarios were calculated based on baseload improvements and variable energy efficiency
improvements. The results are presented in Table 3.

Table 3. The results are scenarios calculated based on baseload improvements and variable energy
efficiency improvements

Baseload | Technology Total CO2
Scenario Savings Savings Savings | Reduction
(MWh) (MWh) (MWh) (tonnes)
Moderate -17,092 196,202 179,109 152.24
Aggressive -34,186 588,605 554,419 471.26

Policy Interpretation and Implications

The scenario results show that the greatest energy savings are achieved through improved technological
efficiency, rather than through baseload reduction. This is consistent with the findings of the IEA [2],
which states that rotating equipment such as pumps and compressors have the most significant efficiency
potential. The aggressive scenario provides energy savings of more than 550,000 MWh/year, while the
moderate scenario results in savings of more than 170,000 MWh/year. Both show a real contribution to
reducing CO: emissions and supporting the implementation of PP 33/2023 and Permen 3/2025.

Conclusion

This study analyses energy consumption in the oil and gas sector using national secondary data and a
quantitative approach through specific energy consumption (SEC) calculations, baseline regression, and
energy conservation scenarios. The analysis results reveal several key points. First, energy consumption
in the oil and gas sector in 2022 was relatively stable, with total monthly energy consumption ranging
from 305,000 to 321,000 MWh. This pattern is in line with oil and gas production, which was also stable,
indicating that operations tended to be constant. Second, the SEC value ranged from 28.0 to 28.4
kKWh/BOE, indicating that the energy intensity of the oil and gas sector was fairly consistent throughout
the year. This suggests that variations in energy consumption were more influenced by variations in
production than by changes in efficiency. Third, linear regression shows a strong relationship between
energy and production with an R2 value of around 0.94. The regression slope describes the energy variable
at around 29.5 kWh/BOE, while the intercept is close to zero, indicating that the aggregate data does not
accurately represent the baseload of individual facilities. Fourth, the energy conservation scenarios show
significant savings potential. The moderate scenario provides savings of approximately 179,000
MWh/year, while the aggressive scenario achieves more than 550,000 MWh/year. Both result in
substantial and economically viable CO. emission reductions. In general, this study concludes that the oil
and gas sector has substantial energy conservation opportunities, particularly through improved
technological efficiency. Baseline models and scenarios based on secondary data have proven effective
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in supporting the evaluation of energy conservation policy implementation, particularly PP 33/2023 and
Permen 3/2025.

References
[1] [1] KESDM, “Handbook Of Energy & Environmental Materials 2023,” 2023.
[2] [2] IEA, “World Energy Outlook 2021 : Part Of The World Energy Outlook,” Int. Energy

Agency, P. 386, 2021.

[3] [3] Chukwuebuka Nwakile, Enobong Hanson, Yetunde Adenike Adebayo, And Andrew
Emuobosa Esiri, “A Conceptual Framework For Sustainable Energy Practices In Oil And Gas
Operations,” Glob. J. Adv. Res. Rev., Vol. 1, No. 2, Pp. 031-046, Dec. 2023.

[4] [4] J. Jamal, M. Marlina, And F. Dwi, “Audit Energi Dan Analisis Peluang Penghematan
Energi Listrik Pada Bagian Produksi Di PT. EPFM Makassar,” J. Tek. Mesin Sinergi, Vol. 17, No.
1, Pp. 42-47, Dec. 2019.

[5] [5] R. Tandioga, I. Hasan, A. K. Umar, And S. Suryanto, “AUDIT ENERGI DI PT SATWA
UTAMA RAYA 8,” J. Tek. Mesin Sinergi, Vol. 16, No. 2, Pp. 205-214, Jul. 2019.

[6] [6] Peter Simpa, Nko Okina Solomon, Olubunmi Adeolu Adenekan, And Scholar Chinenye
Obasi, “Environmental Stewardship In The Oil And Gas Sector: Current Practices And Future
Directions,” Int. J. Appl. Res. Soc. Sci., Vol. 6, No. 5, Pp. 903-926, May 2024.

[7117] Maulia Ikhsan Sopali, “The Role Of Energy Security In Supporting Indonesia’s National
Security: A Strategic Approach,” J. Indones. Sos. Sains, Vol. 6, No. 5, Pp. 1649-1660, Jun. 2025.

[8] [8] T. S. Preview, “INTERNATIONAL STANDARD ISO Strength Iteh STANDARD
PREVIEW Iteh STANDARD PREVIEW,” Vol. 2014, 2014.

[9] [9] E. Yafiez, A. Ramirez, A. Uribe, E. Castillo, And A. Faaij, “Unravelling The Potential Of
Energy Efficiency In The Colombian Oil Industry,” J. Clean. Prod., VVol. 176, Pp. 604-628, Mar.
2018.

[10] [10] V. Fetisov, A. M. Gonopolsky, H. Davardoost, A. R. Ghanbari, And A. H. Mohammadi,
“Regulation And Impact Of VOC And CO 2 Emissions On Low-Carbon Energy Systems Resilient
To Climate Change: A Case Study On An Environmental Issue In The Oil And Gas Industry,” Energy
Sci. Eng., Vol. 11, No. 4, Pp. 1516-1535, Apr. 2023.

[11] [11] G. Ramos, “Decarbonization For Oil And Gas Value Chain: An Update Review,” Angolan
Ind. Chem. Eng. J., Vol. 1, No. 1, Sep. 2021.

[12] [12] G. C. Ribeiro, A. De B. Gallo, A. J. Fossa, E. G. Pereira, And E. M. Dos Santos,
“Improvement Energy Performance For GHG Mitigation - A Case Of FPSO Vessel Platform In Oil
&Amp; Gas Offshore Production,” Contrib. A LAS CIENCIAS Soc., Vol. 17, No. 2, P. E5312, Feb.
2024,

[13] [13] L. Bernardes, J. Carneiro, P. Madureira, F. Branddo, And C. Roque, “Determination Of
Priority Study Areas For Coupling CO2 Storage And CH4 Gas Hydrates Recovery In The Portuguese
Offshore Area,” Energies, Vol. 8, No. 9, Pp. 10276-10292, Sep. 2015.

[14] [14] Chuka Anthony Arinze, Olakunle Abayomi Ajala, Chinwe Chinazo Okoye, Onyeka
Chrisanctus Ofodile, And Andrew Ifesinachi Daraojimba, “EVALUATING THE INTEGRATION
OF ADVANCED IT SOLUTIONS FOR EMISSION REDUCTION IN THE OIL AND GAS
SECTOR,” Eng. Sci. Technol. J., Vol. 5, No. 3, Pp. 639-652, Mar. 2024.

17



JURNAL TEKNIK MESIN DAN MEKATRONIKA 2026
Journal of Mechanical Engineering and Mechatronics 2026

[15] [15] A. Cuellar And H. Herzog, “A Path Forward For Low Carbon Power From Biomass,”
Energies, Vol. 8, No. 3, Pp. 1701-1715, Feb. 2015.

[16] [16] S. K. Afadzinu And J. Koltai, “Challenges And Strategies For Strengthening The Link
Between Public Audit And Industrial Policy In Ghana,” J. Posthumanism, Vol. 5, No. 5, Pp. 2117—
2142, May 2025.

[17] [17] N. Ogola, P. Musau, And C. Wekesa, “Assessment Of The Implementation Of Energy
Conservation Opportunities Arising From Energy Audits; A Study Of Four-Star And Five-Star
Hotels In Nairobi Kenya,” J. Power Energy Eng., Vol. 11, No. 09, Pp. 15-44, 2023.

[18] [18] MEMR, “Pemerintah Mendorong Transisi Energi Melalui Energi Baru Terbarukan Dan
Efisiensi Energi,” 2020. [Online]. Available: Https://Www.Esdm.Go.ld/1d/Berita-Unit/Direktorat-
Jenderal-Ketenagalistrikan/Pemerintah-Mendorong-Transisi-Energi-Melalui-Energi-Baru-
Terbarukan-Dan-Efisiensi-Energi?Utm_Source=Chatgpt.Com. [Accessed: 20-Jan-2025].

[19] [19] Fidi Fitriadhi, Dwi Fitriadi, Desy Ardiyanti, Muhammad Osaegi Restu Amrulloh, And Trio
Aris C, “Evaluasi Implementasi Audit Energi Dan Sistem Manajemen Energi ISO 50001:2018 Di
PT Putra Perkasa Abadi Site Borneo Indobara,” GEMILANG J. Manaj. Dan Akunt., Vol. 5, No. 2,
Pp. 325-334, Apr. 2025.

[20] [20] C. P. Mahandari, D. P. A. Hariadi, And M. Yamin, “Energy Baseline For Measurement
And Verification On Energy Audit For An Oil And Gas Industry BT - Smart Innovation In Green
And Sustainable Energy,” 2025, Pp. 505-513.

[21] [21] A. Lawrence, P. Thollander, M. Andrei, And M. Karlsson, “Specific Energy
Consumption/Use (SEC) In Energy Management For Improving Energy Efficiency In Industry:
Meaning, Usage And Differences,” Energies, Vol. 12, No. 2, P. 247, Jan. 2019.

[22] [22] R. Kumar, S. Singh, A. S. Sidhu, And C. L. Pruncu, “Bibliometric Analysis Of Specific
Energy Consumption (SEC) In Machining Operations: A Sustainable Response,” Sustainability, VVol.
13, No. 10, P. 5617, May 2021.

[23] [23] R. Zailan And M. T. Che Kar, “Energy Audit: A Case Study In FTK Building Universiti
Malaysia Pahang,” Int. J. Eng. Technol. Sci., Vol. 5, No. 2, Pp. 91-101, Aug. 2018.

[24] [24] O. M. Selim, M. Abousabae, A. Hasan, And R. S. Amano, “Analysis Of Energy Savings
And CO2 Emission Reduction Contribution For Industrial Facilities In USA,” J. Energy Resour.
Technol., Vol. 143, No. 8, Aug. 2021.

[25] [25] K. M. Ragab, M. F. Orhan, K. Saka, And Y. Zurigat, “A Study And Assessment Of The
Status Of Energy Efficiency And Conservation At School Buildings,” Sustainability, VVol. 14, No.
17, P. 10625, Aug. 2022.

[26] [26] A. Mortazavigazar Et Al., “Application Of Artificial Neural Networks For Virtual Energy
Assessment,” Energies, Vol. 14, No. 24, P. 8330, Dec. 2021.

[27] [27] M. Plienis, T. Deveikis, A. Jonaitis, And S. Gudzius, “Design Of I0T-Based Framework
For Evaluation Of Energy Efficiency In Power Transformers,” Energies, Vol. 16, No. 11, P. 4358,
May 2023.

[28] [28] C. S. Bahinipati, R. A. Sirohi, And S. S. Rao, “Technological Innovations, Behavioural
Interventions, And Household Energy Conservation,” Ecol. Econ. Soc. INSEE J., Vol. 5, No. 1, Jan.
2022.

18



