ISSN: 2157-7463
Journal of Petroleum

& Environmental
Biotechnology

OPEN @ ACCESS Freely available online

Opinion Article

Evolution of Petroleum Extraction Techniques: Petroleum Engineering and the

Path to a Sustainable Energy Future

Remigio Duyuan’

Department of Mining and Petroleum Engineering, University of Chulalongkorn, Bangkok, Thailand

DESCRIPTION

Petroleum industry has long been a foundation of global energy
production, powering economies and industries for over a
century. As the world faces the dual challenges of increasing
energy demands and the urgent need for climate action,
petroleum engineering is undergoing significant transformations.
The evolution of petroleum extraction techniques is at the heart
of this change, as engineers seek to enhance efficiency, reduce
environmental impact and adapt to a rapidly changing energy
landscape. This manuscript explores the evolution of petroleum
extraction techniques and how petroleum engineering is
adapting to the path toward a sustainable energy future.

In the early stages of petroleum extraction, techniques were
relatively simple and rudimentary. The first commercial oil well,
drilled in Pennsylvania in 1859, was a breakthrough in the
energy industry, but the methods used were basic compared to
Early
traditional vertical drilling, where crude oil was extracted directly

today’s advanced technologies. extraction involved
from the surface. The technology was largely driven by trial and
error and production was often inefficient, with a high

percentage of oil left behind in the reservoir after extraction.

As demand for petroleum grew throughout the 20% century, so
did the need for more sophisticated techniques. Horizontal
drilling and the use of natural gas to boost production began to
emerge as solutions. These methods allowed engineers to access
previously unreachable reserves and increased overall production
rates.

One of the most significant advancements in petroleum
extraction has been the development of Enhanced Oil Recovery
(EOR) techniques. EOR methods are designed to extract more
oil from a reservoir after the primary and secondary recovery
phases have been completed. These techniques are particularly
useful in older fields, where traditional extraction methods
become less effective as oil production declines.

There are several EOR techniques, including thermal recovery,
chemical injection and gas injection. Thermal recovery involves
injecting steam into the reservoir to lower the viscosity of heavy
oil, making it easier to extract. Chemical injection uses various
chemicals to reduce surface tension and improve oil mobility,
while gas injection, often using CO,, helps push the oil to the
surface by increasing pressure in the reservoir. EOR techniques
have significantly improved the recovery factor of petroleum
reservoirs, extending the life of fields and improving economic
returns.

In recent years, CO2Enhanced Oil Recovery (CO»EOR) has
garnered attention not only as a means to increase oil recovery
but also as a strategy for carbon sequestration. By injecting CO-
into oil reservoirs, petroleum engineers are able to extract
additional while simultaneously storing the COz
underground, reducing emissions. This dual benefit has
positioned CO2EOR as a key technology in the transition

oil

toward more sustainable petroleum extraction.

The itself has

advancements. The development of directional drilling and

drilling  process also seen substantial
hydraulic fracturing (fracking) has revolutionized petroleum

extraction, particularly in shale oil and gas production.
Directional drilling allows engineers to drill wells at various
angles to access multiple reservoirs from a single location,

the

disruption. Fracking, meanwhile, involves injecting high-pressure

optimizing extraction process and reducing surface
fluids into rock formations to fracture them, allowing oil and gas
to flow more freely. These techniques have unlocked vast
reserves of previously inaccessible oil and natural gas,
dramatically increasing production, particularly in the United

States.

While these methods have significantly increased production, they
have also raised concerns over environmental impacts, such as
groundwater contamination, seismic activity and excessive water
usage. As a result, there is a growing emphasis within the industry
on improving these techniques to minimize environmental risks.
Advances in fracking technology, such as using less harmful
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chemicals and more efficient water management practices, are
helping to reduce the environmental footprint of these
extraction methods.

As the petroleum industry moves into the 21% century, automation
and data analytics are becoming increasingly important in
petroleum extraction. Smart technologies, including realtime
monitoring, machine learning, and predictive analytics, are
helping engineers optimize drilling and production processes.
These technologies allow for more precise decision-making,
minimizing downtime, improving safety, and reducing costs.

Automation also plays a key role in making extraction
techniques more sustainable. For example, automated systems
can detect leaks and equipment failures more quickly, reducing
the potential for environmental damage. In addition, the use of
data analytics to monitor reservoir conditions and optimize
production rates can prevent overextraction, ensuring that
reservoirs are managed more efficiently and sustainably.

The future of petroleum extraction will undoubtedly involve a
shift toward sustainability, with a greater focus on reducing
catbon emissions, improving efficiency, and integrating
renewable energy technologies. While petroleum will likely
continue to play a key role in global energy production for the
foreseeable future, the industry is increasingly being called upon

to reduce its environmental impact.
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One way the petroleum industry is embracing sustainability is
through the development of Carbon Capture, Ultilization, and
Storage (CCUS) technologies. These technologies capture CO,
emissions from the extraction process and store them underground
or use them in other industrial applications. This can help mitigate
the environmental impact of petroleum extraction and contribute
to the global effort to combat climate change.

Furthermore, the integration of renewable energy sources into
petroleum extraction operations is gaining momentum. For
example, using wind or solar power to operate drilling rigs and
other petroleum infrastructure can reduce the reliance on fossil
fuels during extraction and minimize overall carbon emissions.
Hybrid systems that combine renewable energy with traditional
petroleum-powered technologies could help transition the
petroleum industry toward a more sustainable energy mix.

The evolution of petroleum extraction techniques has been
marked by significant technological advancements, from the
early days of basic drilling to the sophisticated methods used
today. Enhanced oil recovery, directional drilling, hydraulic
fracturing, and automation have all played pivotal roles in
improving production efficiency and unlocking new reserves.
The world transitions to cleaner and more sustainable energy
sources, petroleum engineering must evolve to meet the
challenges of climate change and environmental responsibility.
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