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Abstract: The offshore oil and gas industry has an important role to play in meeting energy needs, but it also faces various
challenges related to environmental impacts, greenhouse gas emissions, energy consumption, and the protection of marine
ecosystems. The transformation of offshore production technology towards sustainable operations is important to create a
balance between energy production needs and environmental responsibility. This article discusses the transformation of
offshore production technology through the application of digitalization, energy-saving systems, renewable energy
integration, emission reduction technology, and improved waste management. The use of advanced monitoring systems,
artificial intelligence, Internet of Things (loT), and automation can improve operational efficiency while reducing energy
consumption and environmental risks. In addition, the integration of renewable energy sources and carbon management
technologies can be an alternative in reducing the carbon footprint of offshore facilities. However, the sustainable
implementation of offshore operations requires significant investment, technological readiness, competent human
resources, and effective environmental regulatory support. The integration of technological innovation with good
environmental management is expected to create offshore production operations that are more efficient, safe, resilient, and
environmentally responsible. The transformation can also support the sustainability of the energy industry while preserving
the marine ecosystem.
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1. Introduction

The offshore oil and gas industry is one of the important sectors in meeting global energy needs. Hydrocarbon
exploration and production activities in offshore areas continue to grow in line with increasing energy needs and
technological advancements. Various technologies such as subsea production systems, floating production storage
and offloading (FPSO), automation, and remote monitoring systems have enabled production activities to be
carried out in increasingly complex environments. While contributing to energy security and the economy, offshore
production activities also face challenges related to environmental impacts, energy consumption, greenhouse gas
emissions, operational waste, and potential disturbances to marine ecosystems.

Offshore production operations have different characteristics compared to onshore production. The location
of the facility far from the mainland, dynamic sea conditions, and limited access to supporting facilities mean
that operational activities require reliable and efficient technology. The operation of various production
equipment, power generation systems, compressors, pumps, and supporting facilities requires a large amount
of energy. Such energy consumption can produce significant carbon emissions, especially when energy needs
are still dependent on fossil fuels. Therefore, improving energy efficiency and reducing emissions are an
important part of the transformation of the offshore industry towards more sustainable operations [1].

The development of digital technology provides a great opportunity to improve the efficiency and
sustainability of offshore production activities. The application of the Internet of Things (loT), Artificial
Intelligence (Al), machine learning, digital twins, smart sensors, and automation systems allows companies to
monitor equipment conditions in real-time. These technologies can be used to detect potential equipment
failures, perform predictive maintenance, optimize production processes, and reduce operational downtime.
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With data-based decision-making, the use of resources can be done more efficiently and the potential
environmental impact can be minimized [2].

2. Discussion of the Main Problem

The main problem in the transformation of offshore production technology towards sustainable
operations is the high energy consumption and carbon emissions generated during production activities.
Offshore facilities require large amounts of energy to run various equipment, such as compressors, pumps,
generators, and processing systems. Some facilities still rely on fossil fuels as the main energy source, resulting
in greenhouse gas emissions that can increase the impact on the environment. These conditions indicate the
need for more efficient technology in energy use as well as the use of alternative energy sources to reduce
dependence on fossil fuel [3].

In addition to energy consumption and emissions, offshore production activities also have the potential to
have an impact on marine ecosystems. Operational waste, produced water, chemicals, and the risk of
hydrocarbon spills can affect the quality of the marine environment if not managed properly. Therefore, waste
treatment technology and environmental monitoring systems that are able to detect changes in environmental
conditions quickly and accurately are needed. The application of sensor-based monitoring systems and digital
technology can help companies monitor water quality, detect potential pollution, and take preventive measures
before the environmental impact becomes greater [4].

Another problem is the limited infrastructure in offshore facilities that have been operating for a long time.
Some facilities still use conventional systems that are not fully integrated with digital technologies such as the
Internet of Things (loT), Artificial Intelligence (Al), machine learning, and digital twins. The integration of new
technology with old facilities requires planning, investment, and system adjustments so as not to interfere with
production activities. Therefore, the transformation process should be carried out gradually by prioritizing
equipment that has a high level of risk, energy consumption, or environmental impact [5].

The application of sustainable technology also faces problems in the form of high investment needs. The
procurement of sensors, automation systems, software, renewable energy technology, and emission reduction
systems requires considerable costs. However, these investments can provide long-term benefits through
increased efficiency, reduced operational costs, reduced energy consumption, and reduced risk of equipment
damage. Therefore, the choice of technology needs to consider the balance between investment costs and
economic and environmental benefits that can be obtained.

Offshore technology transformation is also closely related to the readiness of human resources. The use of
digital systems and automation requires a workforce that has the ability to operate technology, analyze data,
maintain systems, and understand safety and environmental aspects. If technological developments are not
followed by an increase in labor competence, the technology applied cannot be utilized optimally. Training and
skill development are important parts so that workers are able to adapt to technological changes and continue
to play a role in the decision-making process [6].

On the other hand, increasing digitalization can pose new challenges in terms of safety, reliability, and
cybersecurity. Dependence on digital systems makes offshore facilities need to have security systems and
backup mechanisms in the event of a disruption to the network or control system. The technology applied must
still meet safety and reliability standards so that increased efficiency does not pose new risks to workers and
facilities. Cybersecurity also needs to be part of planning from the early stages of technology application to
protect production systems and operational data.

Overall, the main problem in the transformation of offshore production technology is not only how to
increase the number of production, but how to achieve efficient production with a lower environmental impact.
The transformation requires integration between digitalization, energy efficiency, renewable energy utilization,
waste management, emission reduction, improvement of human resource competence, and the
implementation of adequate safety and security standards. With an integrated approach, offshore production
technology can be developed towards a more efficient, safe, low-emission operating system and responsible for
the sustainability of the marine environment.

3. Review and Criticism of Existing Approaches

Various approaches have been developed to reduce the environmental impact of offshore production
activities and improve operational efficiency. One of the widely applied approaches is digitalization through the
use of the Internet of Things (loT), Artificial Intelligence (Al), machine learning, smart sensors, and digital twins.
These technologies allow real-time monitoring of equipment conditions, production data analysis, and the
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implementation of predictive maintenance. This approach can improve equipment reliability and reduce the
likelihood of production disruptions. However, the application of digitalization does not always directly result in
more environmentally friendly operations. The use of digital devices also requires energy, communication
infrastructure, data storage systems, and human resources who have special competencies. Therefore,
digitalization needs to be directed towards clear goals, such as reducing energy consumption, reducing
emissions, and improving resource efficiency, not just replacing conventional systems with digital systems.
Another widely used approach is to increase energy efficiency. This effort is carried out through optimizing
the use of equipment, improving the efficiency of the power generation system, reducing fuel consumption, and
monitoring energy use. This approach is relatively effective because reducing energy consumption can provide
economic benefits while reducing emissions. However, the energy efficiency approach has limitations if it still
relies on fossil fuel-based energy sources. Increasing efficiency can reduce the amount of energy used, but it
does not necessarily fundamentally eliminate the source of emissions. Therefore, energy efficiency should be
combined with diversification of energy sources and the use of energy that has a lower carbon intensity [7].
The use of renewable energy is also starting to be considered as part of the transformation of offshore
facilities. Wind and solar energy have the potential to provide some of the electricity needs of production
facilities so that they can reduce the use of fossil fuels. However, the application of renewable energy in the
offshore environment has challenges in the form of changing weather conditions, limited space, the need for
energy storage systems, and demands on the reliability of electricity supply. Thus, renewable energy cannot be
seen as a single solution for all offshore energy needs. The application of a hybrid energy system that combines
renewable energy, conventional energy sources, and energy storage can be a more flexible approach.

4. The Author's Perspective or Argument

According to the authors, the transformation of offshore production technology needs to be directed at a
balance between productivity and environmental sustainability. The use of digital technology, energy efficiency,
renewable energy, and emission reduction can help reduce the environmental impact of offshore activities.

The authors argue that technology is not enough to be applied just to increase production. Technology must
also be able to reduce energy consumption, emissions, waste, and risks to marine ecosystems. Therefore, the
application of technology needs to be adjusted to the conditions and needs of each offshore facility.

In addition to technology, the readiness of human resources is also an important factor. Workers need to be
trained to be able to operate and manage new technologies effectively. By combining technological innovation,
human competence, and environmental management, offshore transformation can support more efficient,
safer, and sustainable operations [8].

5. Conclusion

The transformation of offshore production technology is an important step to achieve more efficient and
sustainable operations. The application of digitalization, energy efficiency, renewable energy, waste management,
and emission reduction technologies can help reduce the environmental impact of offshore activities.

However, each approach has limitations, such as investment costs, infrastructure needs, technological
readiness, and human resource competence. Therefore, technological transformation needs to be carried out
gradually and integrated, taking into account technical, economic, safety, and environmental aspects.

Overall, the application of the right technology can support emission reduction, improved energy efficiency,
and the protection of marine ecosystems. With an integrated strategy, the offshore industry can evolve towards
safer, more efficient, and environmentally responsible production systems.

References

[1] S. Mohammadi, C. F. Berg, and H. Schiimann, “Low-emission offshore oil and gas production: A review of
achievements and challenges,” J. Clean. Prod., 2025, doi: 10.1016/j.jclepro.2025.146504.

[2] N. Hamzah, T. Mutallimov, C.-T. Panaitescu, M. Grant, G. Cristofoli, and H. Tan, “A modular digital twin
architecture for offshore safety and decision-making: A North Sea platform case study,” Reliab. Eng. Syst.
Saf., vol. 274, p. 112428, 2026, doi: 10.1016/j.ress.2026.112428.

[3] W. Gallo, “Diagnosis of GHG Emissions in an Offshore Qil and Gas Production Facility,” Gases, 2024, doi:
10.3390/gases4040020.

[4] Y. Hrybinyk and D. Yahidka, “ADVANCES IN SUSTAINABLE PRACTICES AND STRATEGIES FOR MITIGATING
THE ENVIRONMENTAL IMPACT DURING OFFSHORE OIL AND GAS PRODUCTION,” Int. Sci. Unity, 2026,



M. Reza et al. Journal of Offshore Production Technology and Society

doi:10.70286/isu-12.08.2026.008.

[5] B.Karimov, A. Deshpande, and M. Torres, “Digital Twin Integration for Lifecycle Management of Operating
Industrial Facilities Under Continuous Production Conditions,” Am. Impact Rev., 2026, doi:
10.66308/air.e2026016.

[6] K. C. Vong et al., “Strategic Human Resource Development for Industry 4.0 Readiness: A Sustainable
Transformation Framework for Emerging Economies,” Sustainability, 2025, doi: 10.3390/su17156988.

[71 M. Kabeyi and O. Olanrewaju, “Sustainable Energy Transition for Renewable and Low Carbon Grid
Electricity Generation and Supply,” vol. 9, 2022, doi: 10.3389/fenrg.2021.743114.

[8] X. Hu, J.-W. Chen, H. Zhou, and Z. Ren, “Development of underwater electric manipulator based on
interventional autonomous underwater vehicle (AUV),” J. Zhejiang Univ. A, vol. 25, pp. 238-250, 2024, doi:
10.1631/jzus.a2200621.



