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Abstract: The global demand for oil has significantly increased in recent years, corresponding to the substantial industrial
boom. Since oil is a non-renewable energy source, and because traditional methods of oil production in most of the world's
producing fields yield only 30-40% of the initial oil reserves in the layers, it is essential to search for more effective methods
to enhance oil production. Although thermal methods are relatively old and highly effective for producing heavy and high-
density oil, they have significant environmental drawbacks. This report will address these drawbacks and discuss the latest
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This report seeks to elucidate the most important thermal methods
used to enhance oil production, the conditions and circumstances of
their application, their environmental impact, and some procedures that
can be implemented to mitigate this negative impact, thereby increasing

their efficienc
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Thermal technologies are widely used in the field of enhanced oil recovery
due to their high reliability and efficiency, especially for extracting high-
viscosity oil.

One of the advantages of using thermal technologies is that they can be
applied in most reservoirs regardless of reservoir conditions. The heat effect
extends deeply into the reservoir by conduction, which influences the layer even
in areas with weak or no direct contact with the heat source and low
permeability, unlike other enhanced oil recovery methods that require direct
contact with the affecting medium [1-2].

Thermal methods have been specifically applied to extract high-viscosity oil
from layers with low permeability, as well as later for shale oil and bitumen.

Experimental data have shown that thermal recovery processes are more
suitable for application in reservoirs characterized mainly by porosity ranging
from 20% to 35%, permeability between 500 and 10,000 millidarcies,
temperature below 80 degrees Celsius, and oil viscosity greater than 1000
millipascal seconds. Consequently, results indicate that thermal recovery is
generally suitable for reservoirs with medium to high permeability and porosity,
medium to high depth, relatively large thickness, moderate to low temperature,
and high viscosity of heavy oil.

Thermal methods alter the properties of the oil in the reservoir, such as
density and viscosity, making it easier to move within the layer, thus increasing
production and yield.

Thermal enhanced oil recovery methods are divided into aqueous methods,
which rely on the injection of hot water or steam, and non-aqueous methods that
supply the reservoir with thermal energy without injecting water or its
derivatives. These include in-situ combustion, electrical heating (resistance
heating, induction heating, microwave heating), and electromagnetic heating.

Aqueous methods are highly effective in extracting viscous oil; however,
they have drawbacks related to significant heat loss during the movement of hot
water or steam inside the well from the surface to the producing layer, high
consumption of fresh water, and considerable fuel consumption required to heat
the water on the surface, resulting in increased carbon dioxide emissions and air
pollution.

In-situ combustion and other thermal methods are considered to be less fuel-
consuming and less polluting to the environment [3].

Given the global trend towards reducing carbon emissions,
direct heating processes to maintain  high efficiency while
environmental risks.

it is essential to
reducing

To reduce the significant environmental pollution resulting from heating water and
generating steam for injection into the reservoir, the focus has shifted to heating using
electricity and electromagnetic waves. These technologies are considered inexpensive
compared to traditional heating methods, less harmful to the environment, and less
resource-intensive. Additionally, there are no restrictions on their use at various depths and
thicknesses of the layers. The use of electromagnetic heating techniques combined with the
injection of certain types of nanoparticles that respond to these waves has shown very
promising results. These particles can be controlled and directed via the electromagnetic
field, resulting in higher efficiency
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