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Abstract
Electric energy stands as one of the most critical pillars of modern
civilization, playing a fundamental and indispensable role in various
social and life activities. The rate of electric energy consumption is
widely regarded as a key indicator for assessing the level of
economic and civilizational progress across nations.
In recent years, the demand for electric energy has accelerated
significantly, particularly in developing countries and emerging
economies, driven by industrial development and rapid economic
growth. This trend has placed policymakers and decision-makers in
developing nations in a challenging predicament, as limited
investments are available to meet the escalating energy demand at
an acceptable cost. Failure to address this issue may impede
economic growth and lead to a decline in living standards [1].
Consequently, the global focus on enhancing energy efficiency has
intensified, with this issue taking precedence on the agendas of
policymakers and decision-makers. The importance of this topic lies
in its potential to deliver numerous benefits, including stabilizing
energy demand, conserving energy resources, meeting growing
energy needs without compromising consumer requirements,
generating substantial economic returns, and addressing climate
change concerns.

In this study the energy produced and the peak load for the study
period from 2015 to 2024 were calculated based on demographic,
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economic, and electrical data from previous years (historical). In
this step, two energy scenarios were assumed: a baseline energy
scenario, which assumes the continuation of past energy
consumption patterns (the conventional energy scenario), and a
guided energy scenario, which reflects the impact of adopting
policies to promote rational energy use and conservation.

The demand for electric energy was analyzed according to the
assumed scenarios baked on the data collected from the General
Electricity Company and National Oil Corporation, using Excel by
applying the same reliability criteria to both scenarios, the results
were compared to determine the expected impact of implementing
electric energy conservation and load management policies [2].

Keywords: Consumption, energy demand, energy resources,
conventional energy, guided energy.
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1. Introduction:

In Libya, the electricity sector holds significant importance. Like
many nations, Libya aspires to achieve rapid and steady progress.
The electricity sector witnessed notable development during the
latter part of the 20th century, with per capita electricity
consumption doubling to more than 1.16 times by the end of 2024
(3.2 kWh) compared to 2015 (2.75 kWh). Additionally, the peak
load of the public grid was nearly 1.36 during the period from 2015
to 2024 ( Source: General Electricity Company data ).
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To accommodate the growing demand for electric energy and
supply all consumption sectors, relatively large power plants of
various types were constructed. In 2024, the installed capacity of
electricity generation plants reached 10 megawatts, necessitating the
development of an extensive transmission and distribution network
capable of delivering the energy produced by these plants to various
consumption points.

Problem Statement

Given the continuous rise in future demand for electric energy, it is
imperative to add new generation capacities to address this growth.
However, since the costs of constructing new generation units of
various types are substantial, it has become essential to explore
methods to reduce the required generation capacities without
adversely affecting the productive capacity of economic activities
or individual livelihoods.

Therefore, this study aims to examine the anticipated impact of
reducing electric energy consumption and peak load through the
implementation of energy conservation policies. and as a
developing nation, Libya seeks to harness its depleting oil and
natural gas resources for economic and social development. The
country utilizes its oil and gas wealth to meet the growing energy
needs of various economic sectors. Libya exports oil, natural gas,
and their derivatives to numerous countries worldwide to secure the
necessary funding for its economic and social development plans.
Simultaneously, it strives to conserve energy and promote rational
consumption within a broader strategy aimed at achieving
sustainable development and environmental protection  Such
measures would lead to a decrease in the required generation
capacities, thereby lowering the overall costs of the electrical system
(both capital and operational expenses), reducing polluting
emissions, and positively contributing to the national economy.

2. Study Methodology

This study represents an integrated analysis of produced energy,
maximum generation capacity, and exports and imports of crude oil,
diesel, and natural gas during the period from 2015 to 2024. The
study focused on exploring the impact of these factors on the local
market and assessing the ability of available resources to meet local
demand, based on demographic, economic, and electrical data
collected from reliable sources such as the General Electricity
Company, the National Oil Corporation, and OPEC. By utilizing
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Excel, sustainable policies aimed at rationalizing electricity
consumption and improving load management were applied,
enhancing resource efficiency and achieving an optimal balance
between supply and demand.

3. Energy Resources

Energy resources are vital for modern societies, divided into non-
renewable sources (e.g., fossil fuels), which are finite and
environmentally harmful, and renewable sources (e.g., solar, wind),
which are sustainable and eco-friendly. Rising global energy
demand and environmental concerns necessitate a transition to
renewable energy to ensure sustainability and energy security. This
shift is critical for addressing climate change and fostering long-
term development [3].

3.1 Crude Oil and Natural Gas

Oil and natural gas are the primary sources of energy in Libya, given
the absence of alternative resources such as coal and hydroelectric
power.

Proven discoveries on land and in submerged areas have revealed
that the entirety of Libya constitutes an oil-rich region with
extensive sedimentary basins both onshore and offshore. By the end
of 2024, cumulative crude oil production since 2015 reached
approximately 3.1 billion barrels, predominantly extracted from
onshore sedimentary basins [4].

Figure 1 illustrates the daily average of crude oil production and
exports in Libya during the period (2015-2024)
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Figure 1: Daily Average of Crude Oil Production and Exports in Libya
(2015-2024) [2]
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Libya exports the surplus of its crude oil and natural gas production
to global markets after refining a portion domestically to meet local
demand for petroleum products [1].

In addition, Figure 2 presents the daily average of liquefied natural
gas production and exports during the period (2015-2024).

15 )
B Average production
10 (billioncubic meters
s B Average Exports
(billioncubic meters
0
L O N~ 0 O O - N O <
- - - - - d N N N N
O 0O OO0 O O o O o O
N N N NN

Figure 2: Daily Average of Liquefied Natural Gas production and
Exports (2015-2024)

Additionally, certain petroleum products are imported to satisfy
domestic market needs, with gasoline accounting for approximately
20% of total imports in 2024. Figures 3 and 4 illustrate the evolution
of petroleum product exports and imports during the period 2015—
2024 [5].
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Figure 3: Evolution
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Figure 4: Evolution of Petroleum Product Imports (2015-2024)

3.2 Renewable Energy

Libya’s geographical location in North Africa, bordering the
Mediterranean Sea with a coastline of 1,900 kilometres and an area
of approximately 1,775,500 square Kkilometres, renders it a
predominantly desert region, with 88% of its landmass classified as
desert due to the Tropic of Cancer traversing its southern territory.
This geographical positioning endows Libya with a hot desert
climate characterized by intense sunlight for over ten hours daily
throughout the year. Consequently, Libya possesses significant
potential for renewable energy, particularly solar and wind energy,
which can be harnessed to meet the energy needs of rural and remote
areas not connected to the national grid. In such a way, Solar energy
is widely regarded as one of the most important renewable energy
sources for the coming century. Numerous countries are directing
efforts and allocating substantial funds toward developing
technologies and research initiatives aimed at harnessing solar
energy as a viable alternative to oil and gas. Solar energy offers
numerous advantages, including its abundance, sustainability, and
environmental benefits [6].

Solar energy can be converted into electrical energy through
photovoltaic (PV) systems and into thermal energy through solar
thermal conversion. Photovoltaic systems utilize solar cells to
generate electricity, with numerous models of solar cells having
been developed for practical applications. Solar cells are
characterized by their lack of fuel consumption, minimal
environmental pollution, and low maintenance requirements.
Moreover, electricity generation from solar energy does not
necessitate centralized production; instead, energy can be generated
and utilized locally, significantly reducing transmission and

7 Copyright © ISTJ A ginae auball (5 gin
Ayl g o slell 40 sal) dlaall



International Scienceand ~ VOlume 36 ) Ryl p gl Ayl g >_,<
_Technology Journal Part 2 _ﬁ%_d\
4,500 g p gl i ) Al ISTA7T

http://www.doi.org/10.62341/ysmk0904

distribution costs. Solar cells are also employed in various
applications, including communication systems, cathodic
protection, and water pumping. Solar thermal conversion, on the
other hand, involves the use of solar collectors and thermal materials
to convert solar radiation into thermal energy, which can be utilized
for heating, cooling, water heating, and electricity generation. Solar
water heaters are among the most widely adopted applications of
solar thermal technology [7].

Studies on solar radiation in Libya have revealed exceptionally high
levels of solar irradiance on horizontal surfaces, as illustrated in
Figure 5, The total solar energy received on a horizontal surface
exceeds 7.1 kWh/m?#/day, with an average annual sunshine duration
ranging from 3,000 to 4,000 hours. Figure 6 provides a map of Libya
indicating solar radiation levels.
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Figure 5: Average Solar Radiation in Libya on a Horizontal Surface
(kWh/mz?/day)

Figure 6: Map of Libya Indicating Solar Radiation Levels
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Solar energy applications have been implemented in Libya across
various sectors. Photovoltaic systems have been utilized for
cathodic protection of oil pipelines, operation of communication
stations, and water pumping in remote rural areas. In terms of solar
thermal applications, numerous solar water heaters have been
installed in hotels and residential buildings, with further
installations anticipated in the near future [7].

In addition, Libya is situated in a region with moderate wind speed
distribution, particularly along its Mediterranean coastline, which
presents favorable conditions for wind energy utilization. Wind
energy can be harnessed to generate electricity, offering a
sustainable alternative to conventional energy sources.
Measurements indicate significant potential for wind energy in
Libya, with annual average wind speeds at a height of 40 meters
ranging between 6 and 7.5 meters per second. Figure 7 illustrates
wind speeds along the Libyan coastal region [7].
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Figure 7 Wind Speeds in the Libyan Coastal Region [7]

Wind energy has been historically utilized for water pumping in
various oases since the early 1940s, with capacities ranging from 50
to 1,000 watts. However, the use of wind energy for electricity
generation has yet to be implemented in Libya.

4. Environmental Considerations

The energy sector is a significant contributor to environmental
pollution, particularly through the emission of carbon dioxide
(CO,), a primary driver of global warming and climate change.

9 Copyright © ISTJ A ginae auball (5 gin
Ayl g o slell 40 sal) dlaall




International Scienceand ~ VOlume 36 ) Ayl el 2t g

Imtrwaational beimrs mad Taviasiags demraal

Jomoky ol Part2 s ey 2

http://www.doi.org/10.62341/ysmk0904

Consequently, it is imperative to adopt balanced development
policies for the energy sector, integrating environmental
considerations into development plans, promoting sustainable
resource utilization, diversifying the economy, and establishing
appropriate environmental standards (such as ISO standards) to
achieve comprehensive sustainable development.

In Libya, oil and natural gas are the primary sources of CO,
emissions, given their dominance in the energy mix. In 2024, CO,
emissions were estimated at over 40% from oil combustion and
approximately 60% from natural gas combustion. The distribution
of CO, emissions by sector was as follows: 40% from the power
generation sector, 25% from the transportation sector, 20% from the
industrial sector, and 15% from other sectors. Figure 8 illustrates
this distribution [6].

B Power generation
B Transportation
Industrial

B Other Sector

Figure 8: CO, Emissions by Sector

Figure 9 illustrates the fluctuation in carbon dioxide emissions
between 2015 and 2024 as follows:

2015: Emissions peaked at 62.7 million metric tons .2020:
Emissions dropped significantly to approximately 45 million metric
tons, likely due to the impact of the COVID-19 pandemic, which
caused reduced industrial activity and global mobility.(2020-
2024)Emissions gradually rebounded as economies recovered and
industrial activity resumed, reaching 62 million metric tons in 2024
close to 2015 levels but slightly lower by 0.7 million metric ton.
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Figure 9: Increase in CO, Emissions (2015-2024)

The power generation sector accounts for the largest share of CO,

emissions, a trend attributed to the rising demand for electric energy

in recent years due to factors such as population growth, increased
per capita income, and overall economic expansion.

To mitigate these environmental impacts, a series of measures must

be implemented, including:

- Conducting environmental impact assessments for all existing and
planned power projects.

- Establishing appropriate environmental standards.

- Promoting the use of renewable energy sources due to their
environmental benefits.

- Raising awareness about energy conservation and efficient energy
use.

- Enhancing the efficiency of the electricity generation sector and
transitioning to cleaner fuel sources, while supporting renewable
energy programs and regional cooperation initiatives in grid
interconnection and related areas.

- Incorporating renewable energy topics into educational curricula
and encouraging the adoption of renewable energy technologies
through public awareness campaigns.

5. Energy Demand
Rising global energy demand, driven by population growth and
industrialization, relies heavily on non-renewable sources, leading
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to environmental and resource challenges. Transitioning to
sustainable energy systems, including renewables and efficiency
measures, is essential to meet demand while ensuring environmental
and economic sustainability [8].

5.1 Demand for Petroleum Products

Domestic consumption of petroleum products increased from
approximately 10.9 million metric tons in 2015 to 11.4 million
metric tons in 2019 and 12.4 million metric tons in 2024, as
illustrated in Figure 10. This growth in consumption is attributed to
economic recovery
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Figure 10: Demand for Petroleum Products (2015-2024)

5.2 Sectoral Demand for Petroleum Products

The primary economic sectors consuming petroleum products
include transportation, electricity generation, industry, residential
and services, and agriculture. Figure 11 illustrates the relative
evolution of sectoral demand for petroleum products during the
period 2015-2024. The transportation and electricity sectors
collectively account for the majority of total consumption, with their
combined share increasing from 70% to 90% during this period. The
electricity sector is the largest consumer of petroleum products,
accounting for 30% of total consumption in 2019, compared to 60%
for the transportation sector and 10% for other sectors combined

[9].
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Figure 11: Sectoral Demand for Petroleum Products (2015-2024)

5.3 Demand for Natural Gas

Libya's natural gas demand is primarily driven by domestic power
generation and industrial needs. Despite abundant reserves,
production constraints—including infrastructure limitations and
underinvestment—hinder supply reliability. While global markets
shift toward LNG, Libya remains focused on meeting local demand,
with limited export capacity. Energy security and infrastructure
development are key challenges for future gas sector growth. Figure
12 illustrates the demand for natural gas during the period 2015-2024.

M Flared Gas (billion
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H Utilized Gas (billion
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1 Total Gas (billion cubic
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Figure 12: Demand for Natural Gas (2015-2024)
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5.4 Demand for Electric Energy

Global demand for electric energy is rising due to population
growth, urbanization, and sector electrification. Meeting this
demand requires sustainable energy generation, grid modernization,
and a shift to renewables like solar and wind to ensure energy
security and reduce emissions [9].

Conclusions

Through this research, it becomes evident that Libya primarily relies
on conventional power plants for electricity generation, with
sources such as diesel and natural gas constituting the majority of
its energy mix. This heavy dependence on fossil fuels not only
negatively impacts oil revenues but also leads to grid instability and
increases thermal emissions, exacerbating both environmental and
economic challenges.

Therefore, Libya must accelerate the adoption of renewable energy
sources, such as solar and wind power, for electricity production.
This transition will not only enhance grid stability but also reduce
long-term energy production costs, decrease reliance on fossil fuels,
and allow for increased oil exports, thereby boosting the national
economy. Additionally, this shift will contribute to reducing carbon
emissions, reflecting a greater commitment to environmental
protection and
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