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Abstract

This research paper addresses the basic principles of studying The use of Smart Grid technology in
Libya provides an opportunity to overcome challenges in Libya's energy sector infrastructure, which has
historically experienced energy challenges such as power outages, high energy transmission losses, and
high fossil fuel dependency among other challenges. The following paper discusses the prospect and
possibilities of using Smart Grid to improve Libya's electric power system's energy efficiency and
availability using modern technologies such as electric computer systems and renewable energy
technologies such as solar and wind energy. Despite its benefits, Libya faces significant obstacles in
adopting Smart Grid technology, including high upfront costs, limited ICT infrastructure, cybersecurity
risks, and a shortage of skilled professionals. These challenges are particularly evident in rural areas, where
the lack of reliable internet connectivity hinders the deployment of such technologies. In addressing these
challenges, therefore, this paper offers solutions such as public-private partnerships and investments in ICT
infrastructure to achieve successful outcomes in Libya.

Key words: Smart Grid, efficiency, reliability, electric power system, renewable energy, ICT
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1. INTRODUCTION

The basic principles of this paper about Systems of Electrical Power ; The production, distribution,
utilization, and transmission of electrical power are the principal areas of interest in the general field of
engineering. It is a very significant part of the branch of electrical engineering. It is a very crucial as well
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as fundamental part of the creation of a proper and efficient electrical grid utilized by the modern world.
Changes are now needed with the electrical power system to ensure the sustainability and security of the
grid because of the increasing need (Mayouf, 2024). At first, electric power systems were somewhat
straightforward, with transmission lines carrying the electricity from central plants to end customers.
However, electric power systems have changed dramatically as the world's energy needs have become more
sophisticated. The traditional electrical grid now faces additional issues from the arrival of renewable
energy sources like solar, wind, and hydroelectric power, necessitating creative solutions for system
integration, stability, and management. Smart grids and energy storage systems are examples of more
advanced electric power systems with improved capabilities as a result of these developments (Strielkowski
et al., 20021).Furthermore, there is a growing need for engineers with specific expertise in power system
analysis, optimization, and protection due to the growing size and complexity of electric power systems.
Among other issues, designing effective electric power systems include resolving issues with load
forecasting, grid stability, power quality, disturbance detection, and system protection (Ahmad, 2022).
Additionally, innovation and development in the area of electric power systems engineering, such as the
integration of renewable sustainable energy into existing systems, have been made possible by
environmental issues and the need to provide better forms of energy. The demand for engineers with
expertise in electric power system operation, maintenance, and repair is growing as the world's energy
infrastructure becomes more interconnected. In addition to meeting present energy demands, electric power
systems engineering seeks to make future electric power systems more adaptable, dependable, and
sustainable. These developments are essential for promoting energy transition policies and fostering
economic expansion in the contemporary world (Sharithosseini et al., 2024).Due to increasing demand and
the need for sustainable energy, traditional power systems face a number of challenges that affect the
efficiency, reliability, and quality of the supply.Also, the smart grid is an innovative means of overcoming
these challenges and further enhancing energy distribution management. The concept of the "smart grid"
merges information and communication technology with the electric power system to create an intelligent,
efficient, and flexible electric network capable of adapting to any altered circumstances (Quitzow et al.,
2021).

Variable sources of energy such as solar energy and wind energy, resolving disturbances automatically,
real-time monitoring and management of energy distribution — everything can be facilitated by the
intelligent grid system. The electric power system can be more adaptable to demand and shifting
circumstances and more resilient to damage or disruptions that could interrupt the delivery of energy by
implementing this technology.

The desire to lower carbon emissions and increase energy efficiency is one of the primary forces behind
the deployment of smart grids. In this regard, smart grid technology can assist lower energy waste, enhance
load management, and give customers greater control over how much energy they use by enabling them to
use smart devices. Additionally, by reducing downtime and maximizing post-disruption recovery, Smart
Grid helps to increase the security and dependability of the electrical grid (Kiasari et al., 2024). However,
there are technological, legal, and socioeconomic obstacles to overcome in the implementation of Smart
Grid. It will cost a lot of money to integrate this new technology, both in terms of more complicated
development systems and infrastructure. Regulations concerning privacy and data protection, as well as the
harmonization of international standards, are further challenges that need to be addressed. Therefore, in
order to develop a framework that facilitates the deployment of Smart Grid technologies, cooperation

Vol 8, No.2, Jun. - Dec. 2026 | OPEN ACCESS - Creative Commons CC B M



PR ‘s pa Alaa
B Surman Journal for Science and Technology Vol é Nj ;ﬁ:_ﬁ;c .2026

sjst.scst.eduly ISSN: Online (2790-5721) - Print (2790-5713) Pages: 001~ 017

between governments, energy firms, and the community is crucial (Lianez-Caballero, 2023). Additionally,
the deployment of Smart Grid aligns with worldwide trends toward a more sustainable energy transition.
As part of their efforts to encourage the use of renewable energy sources and meet targets for reducing
greenhouse gas emissions, a number of nations have started using this technology. The effective
deployment of Smart Grid in a number of nations will boost the electric power system's ability to handle
the issues posed by climate change, speed up the adoption of green technologies, and create prospects for
broader implementation on a worldwide scale (Cavalieri et al., 2022).The provision of adequate,
dependable, and efficient energy to meet community demands and promote economic progress is a
significant concern for Libya, a developing nation with abundant natural resources and a strategic location
in North Africa. Energy waste, interruptions in the electricity supply, and unequal distribution are some of
the issues that plague the current electrical system, particularly in remote and rural areas. Furthermore,
Libya's reliance on oil and gas to produce electricity raises concerns about environmental effects and energy
sustainability. Therefore, to promote sustainable development, more effective and reliable administration
of the electrical system, along with diversification into renewable energy sources, is urgently required.
Smart Grid technology implementation is another strategy to enhance the dependability and efficiency of
the electric power system in Libya. Smart grids are defined as "any electric network, such as an electric
utility grid, where information and communication technologies are used to manage electric energy
exchange and/or flow in an efficient, automatic, and controlled (automated) manner. Real-time monitoring
and control, as well as automatic disruption clearing and efficient load management, are some benefits
associated with Smart Grid implementation in the Libyan electric power system. Furthermore, Smart Grid
has the capability to manage the integration of unreliable renewable electric energy sources, such as solar
and wind power. Reduced energy waste, quicker recovery from disruptions, and optimal electricity
distribution to all regions, including remote and underserved areas, are all anticipated benefits of Libya's
Smart Grid deployment (Wang, 2023).Nevertheless, Libya has to overcome several obstacles in the
application of smart grid technologies to enhance effectiveness and dependability in the electric power
system. The costs of infrastructure development for Smart Grids are very high due to advanced sensor
installation and automated control systems, among other factors, which is one of the main challenges.
Besides, sparse ICT infrastructures in remote and rural areas increase the problem's difficulties, since Smart
Grid technology does require reliable and secure connectivity.

2. LITERATURE REVIEW (Smart Grid)

Smart Grid technology refers to an advanced grid structure that includes the use of technology in
the electricity network through the integration of automation technology, information communication
technology, and energy management technologies to make the generation, distribution, and use of
electricity more secure and sustainable (Butt et al., 2021). Smart Grid technology, as compared to other
grid technologies, relies on the use of technology for the analysis of collected data to permit the sharing of
information between customers and service providers through the use of technology such as the use of
renewable energy sources. Additionally, it promotes the integration of dispersed energy resources,
including wind turbines and solar panels, and eases demand-side management by enabling customers to
better monitor and regulate their energy use (Kabeyi, 2023).

Vol 8, No.2, Jun. - Dec. 2026 | OPEN ACCESS - Creative Commons CC B M



A o pwa ddaa
B Surman Journal for Science and Technology Vol é Né ;ﬁﬁ:_ﬁc .2026

sjst.scst.eduly ISSN: Online (2790-5721) - Print (2790-5713) Pages: 001~ 017

Tuckea Power Pant

Smart Houses

Elctric Verice Wied Power Part

Figure 1. Smart Grid

3. Open Systems

A useful foundation for comprehending the intricate and interdependent structure of the smart grid, which
is made up of many different components such as power generation, distribution, consumers, and
communication technologies, is offered by open systems theory. In order to improve dependability and
efficiency, this theory emphasizes how systems interact with their external environment and adjust to
changes. Open systems theory illustrates how information and control mechanisms can be dispersed
throughout the network to ensure smooth operation in the setting of the smart grid (Singh, 2024). The smart
grid can efficiently identify and address disturbances by facilitating real-time communication and feedback
loops between different components, guaranteeing low downtime and reliable electricity delivery.
Furthermore, by dynamically modifying supply and demand in response to data-driven insights, this
decentralized strategy enables the optimization of energy consumption. This flexibility makes the system
more sustainable and responsive to contemporary energy concerns by enhancing operating efficiency and
facilitating the integration of renewable energy sources (Hussain, 2021).

4.Technology Innovation

Innovation in technology enhances people's lives, stimulates economic expansion, and aids in the resolution
of social issues. It improves fields like education, healthcare, and communication while simplifying and
streamlining daily chores. In addition to increasing productivity and making businesses more competitive,
innovations can generate new industries and jobs. Technology offers solutions like clean energy and
improved food production, which help address problems like poverty, healthcare access, and environmental
difficulties. It advances science, broadens understanding, and enables people to interact and connect. Lastly,
by developing eco-friendly technology and practices, it promotes sustainable development and makes
society more ecologically conscious and resource-efficient (Jain et al., 2023).
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Figure 2. Technology Innovation

This concept focuses on how emerging technologies, such as the Smart Grid, can be accepted and adopted
by society. The effective deployment of Smart Grid technology in Libya depends on elements including
community involvement, infrastructure readiness, and supportive governmental policies. Modern power
systems and communication networks are essential for its implementation, while government regulations
and incentives can play a crucial role in encouraging investment and fostering innovation. Community
involvement, raising awareness, and educating people about the benefits of the Smart Grid can accelerate
its adoption and reduce resistance. This approach highlights the importance of collaboration between
society and technology to create a more sustainable and efficient energy system in Libya (Norouzi, 2023).

5. Adaptive Control

Because they allow the smart grid to react instantaneously, adaptive control systems are essential to its
management. Because these technologies are based on the idea of real-time modifications and ongoing
monitoring, the grid can remain stable and effective even in dynamic situations. By utilizing this idea, the
smart grid's autonomous control systems are designed to take into account the inherent unpredictability of
renewable energy sources, which are influenced by environmental and meteorological fluctuations (Khalid,
2021). The grid can also manage changing load levels brought on by customer behavior and unforeseen
network interruptions like equipment breakdowns or outages thanks to adaptive control mechanisms. The
grid's dependability is increased, energy distribution is optimized, and the smooth integration of sustainable
energy sources into the power infrastructure is supported by this dynamic responsiveness. The smart grid
can precisely and resiliently fulfill the changing demands of contemporary energy networks thanks to
adaptive control technologies, which use sophisticated algorithms and predictive analytics (Wang, 2024).

6. System Reliability

Modern infrastructure and daily living depend on a steady and uninterrupted supply of energy, which is
made possible by system reliability. Because the Smart Grid makes it possible to monitor and control energy
delivery in real time, it greatly improves system reliability. Advanced sensors, communication technology,
and automated systems enable the Smart Grid to identify any problems, assess their effects, and take prompt
corrective action to avoid interruptions (Maghraoui, 2024). System reliability theory serves as the basis for
researching and developing these resilient systems, emphasizing the reduction of disruptions and the prompt
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restoration of energy supply in the case of a malfunction. Engineering professionals and researchers can
use this theory to create fault-tolerant designs, predictive models, and backup plans that tackle a range of
issues, such as equipment failures, natural catastrophes, and cyberattacks. By supporting the integration of
renewable energy sources and enhancing the electrical system's resilience and efficiency, this proactive
strategy makes the power grid more sustainable and adaptive in the face of changing energy demands
(Mashal et al., 2023).

7. Optimization Theory

In order to improve the efficacy and efficiency of energy supply in smart grids, optimization theory is
essential. Optimization theory makes it possible to develop and implement systems that minimize waste
and maximize the use of available energy resources by utilizing sophisticated algorithms and models. This
method is used by smart grids to incorporate technologies like energy conservation strategies, load
balancing, and renewable energy management (Akkara, 2023). By guaranteeing that energy demand is
dispersed uniformly throughout the grid, load balancing lowers the possibility of interruptions and avoids
overloading. Additionally, through forecasting variations and matching patterns of energy supply and
demand, optimization theory facilitates the smooth integration of renewable energy sources, such as wind
and solar. In order to improve system performance overall, it also provides methods for locating and
minimizing energy waste. The framework for developing smart grids that are more sustainable and efficient
through ongoing study and improvement is provided by optimization theory, which addresses the growing
complexity and needs of contemporary energy systems (Jose et al., 2024).

8. METHODS

This study's qualitative technique aims to investigate the various facets of Smart Grid technology
implementation in Libya (Tomaszewski, 2020). By emphasizing depth and specificity, this approach
enables researchers to develop a thorough grasp of the variables affecting the adoption of the technology.
Because it enables a thorough examination of the various viewpoints, difficulties, and opportunities related
to the incorporation of Smart Grid technology into the nation's electrical grid, the qualitative technique is
especially well-suited for this study. Both primary and secondary data sources were used in the
multidimensional data collection procedure to meet the study's goals. Semi-structured interviews with
important stakeholders, such as government representatives, business executives, and specialists in the
energy sector, were used to collect primary data (Das, 2020).

9. RESULT AND DISCUSSION (Analyze the application of Smart Grid technology in improving the
efficiency and reliability of the electric power system in Libya)

Libya's electric power infrastructure might become more dependable and efficient with the use of smart
grid technology. The present power infrastructure in Libya is beset by issues like high reliance on fossil
fuels, inefficient energy delivery, and frequent outages. These problems are solved by smart grid
technology, which makes it possible to monitor and regulate energy flow in real time, optimizes the
distribution of electricity, and increases system resilience to disturbances. Smart Grids are able to
automatically identify and isolate faults through the integration of information and communication
technologies, which guarantees a speedier recovery and reduces energy losses (Abotraba, 2023).
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Furthermore, the integration of renewable energy sources, like solar and wind, which are plentiful in Libya,
can be facilitated by smart grids. By controlling these sources' fluctuation and sporadic nature, the method
guarantees a steady supply of energy while decreasing dependency on non-renewable resources. Global
initiatives to promote sustainability and climate resilience are in line with this shift. But in order for Smart
Grids to be implemented successfully, a number of obstacles must be overcome, including as the high
upfront cost of infrastructure, cybersecurity threats, and the requirement for qualified staff to oversee
sophisticated systems (Butt et al.,2021).

Government regulations and incentives will be essential in fostering an environment that encourages the
implementation of smart grids. Strategic investments in ICT infrastructure and community engagement
programs can help raise public awareness and support for this change. By addressing these problems and
utilizing its natural resources appropriately, Libya can modernize its energy sector and create a more
reliable, efficient, and sustainable power system that fosters economic progress and increases the standard
of living for its citizens (Almaktar et al., 2021). The electrical system in Libya, which is mostly dependent
on fossil fuels like natural gas and oil, has experienced problems like power interruptions, ineffective energy
distribution, and large transmission losses. Over 30% of Libya's total energy generation was predicted to
be lost in 2022, according to data from the General Electricity Company of Libya (GECOL), with regular
outages causing disruptions to residential areas and businesses. The analysis is shown as follows in a table
format:

Table 1. Smart Grid Technology Applications for Libya's Electric Power System

Expected Smart Grid Current Challenges in Aspect

Outcomes Solutions Libya
- Reduced energy - Real-time - High transmission and Efficiency
losses by up to monitoring and distribution losses (>30%).
20%. advanced metering

infrastructure
(AMI).

- Optimized energy | - Improved load - Non-technical losses
distribution and cost | management and (theft, meter inaccuracies).
savings. data analytics.
- Stable power | - Integration of - Underutilization of solar | Integration
supply and | renewable energy and wind resources despite | of Renewable
increased use of | with energy storage | high potential (7 Energy
renewable  energy | systems and kWh/m?/day solar
sources. microgrids. radiation).
- Reduced outage - Automated fault - Frequent outages (average | Reliability
duration and detection and self- 35 hours/month).
improved service healing grids.
reliability.
- Faster restoration | - Predictive - Manual fault detection
of power and maintenance causing delays.
minimized through Smart Grid
disruptions. data.
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- Economic savings | - Optimized energy | - High costs of energy Economic
for both operators flow reduces inefficiencies. Impact
and consumers. operational costs.

- Increased - International High Initial Costs Challenges
investment reduces | financing (e.g., EU,

long-term African

operational costs. Development Bank).

- Development of - Training programs | Lack of Skilled Workforce

local expertise and | and partnerships

improved system with international

management. experts.

- Enhanced system | - Implementation of | Cybersecurity Risks

security and advanced security

resilience against protocols.

cyber threats.

- Accelerated - Policy reforms Regulatory and Policy

adoption of Smart encouraging private | Barriers

Grid technology sector involvement

and private sector and renewable

contributions. energy investments.

- Reduced - Facilitates - Heavy reliance on fossil Sustainability
greenhouse gas transition to fuels (oil and natural gas).

emissions and renewable energy

environmental sources.

impact.

- Improved - Microgrids and - Unequal access to Social Impact
electrification rates | distributed energy electricity in rural areas.

and quality of life in | solutions.

underserved

regions.

A potential remedy for the problems with Libya's electrical grid is smart grid technology. While rural areas
experience inconsistent access to electricity, the current system suffers from high energy losses, frequent
outages, and a restricted usage of renewable energy sources. Libya may greatly increase productivity and
dependability by putting Smart Grid solutions like automated fault detection, sophisticated metering
infrastructure, and real-time monitoring into place. Combining energy storage devices, microgrids, and
renewable energy sources would help the nation become more sustainable and less dependent on fossil
fuels. Because they optimize energy flow, reduce operating expenses, and provide a more stable energy
supply particularly in neglected regions smart grids also have economic benefits (Alzayani et al., 2024).
But issues like high startup costs, a shortage of trained labor, and cybersecurity threats need to be resolved
by global funding, education initiatives, and legislative changes. Through these initiatives, Libya may
improve access to electricity for all, update its energy infrastructure, and lessen its impact on the
environment.
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Table 2. Investment and Infrastructure Costs

Rural Areas

Cost Factor Estimated Investment Cost Impact
Upfront Estimated total investment for nationwide Smart | High initial costs for grid
Infrastructure Grid implementation: USD 3-5 billion over 5-10 | modernization.

years (source: Ministry of Energy, 2023).
ICT Networks in | Estimated additional investment for expanding Challenges in providing

ICT networks in rural areas: USD 1 billion.

necessary communication
infrastructure.

Skilled Workforce

Estimated cost for training a skilled workforce:

USD 500 million.

Essential to support and
maintain Smart Grid

systems.

There are substantial infrastructure and investment expenses associated with Libya's adoption of smart grid
technology. The large upfront costs necessary for the system upgrade are reflected in the expected USD 3-

5 billion upfront infrastructure expenditure over 5-10 years for updating the national grid. Additionally, an
additional USD 1 billion will be needed to develop ICT networks to rural areas, which is essential for
efficient grid operation. The provision of the required communication infrastructure to remote areas is made
more difficult by this expansion. Finally, it is estimated that USD 500 million will be spent on building a
trained staff to support and maintain smart grid systems, guaranteeing the long-term viability and
functionality of the technology (Badi, 2023).

Table 3. Potential Long-Term Benefits of Smart Grid Implementation

Carbon Emissions

Benefit Estimated Impact Potential Outcome
Energy Security Smart Grid technology increases Libya's Improved energy resilience and
renewable energy integration, reducing long-term energy security.
dependency on fossil fuels.
Sustainability & Smart Grid helps reduce reliance on fossil Contributes to meeting national

fuels (oil and natural gas), potentially cutting
carbon emissions by 10-15% by 2030.

sustainability and carbon
reduction goals.

Economic Growth

Enhanced energy efficiency and reduced
operational costs may contribute to increased
GDP growth by improving energy access for
businesses and industries.

Stimulates economic
development, job creation, and
a more stable economy.

Reliability Improved system reliability through Increased productivity, fewer
automated fault detection, faster recovery disruptions, and better service
times, and reduced outages. quality across the country.

Rural Use of microgrids and distributed energy Enhanced quality of life, higher

Electrification solutions to provide reliable power to rural electrification rates, and

arcas.

economic growth in rural

regions.
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Libyan experiences based on smart grids will have important and enduring benefits on the Libyan context

and beyond. Smart grids will reduce Libyan's reliance on non-renewable resources through an increased
focus on renewable resources. Smart grids are important in helping Libyan achieve its sustainable goals

through reducing carbon emissions. Additionally, the technology increases economic growth by lowering
operating costs, increasing energy efficiency, and permitting greater energy access for enterprises, all of

which promote economic stability and job creation. Smart Grids increase productivity and service quality

by reducing power outages and disruptions through automated fault detection and quicker recovery times
(Khaleel, 2024). Additionally, distributed energy solutions and microgrids would help rural areas by
increasing electrification rates and enhancing quality of life, which would support regional economic
growth and equity.

Table 4. Key Metrics Before and After Smart Grid Implementation in Selected Regions

m Before Implementation

Resion Metric Before After Improvement
g Implementation | Implementation (%)
P
Tripoli ower Outage 18.5 9.5 48.65%
Frequency (hours/year)
T ission L
Benghazi | o ool LOSSES 14.0 8.5 39.29%
(%)
R ble E
Misrata chewab’e =TSy 8.0 220 175.00%
Integration (%)
facti
Sebha | CUstomer Satisfaction 65.0 80.0 23.08%
(index)
Zliten Grid Reliability 7.2 3.5 51.39%
80 90
80
65 70
60
50
40
30
20
8 o, 8.5
51.39% 3.5 39.29% 10
0

Grid Reliability Customer Renewable Transmission | Power Outage
Satisfaction Energy Losses (%) Frequency
(index) Integration (%) (hours/year)
Zliten Sebha Misrata Benghazi ‘ Tripoli

u After Implementation

i Improvement (%)
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Figure 2. Key Metrics Before and After Smart Grid Implementation in Selected Regions

Key indicators have significantly improved Tripoli's power outage frequency has dropped dramatically
from 18.5 hours annually to 9.5 hours, a 48.65% decrease, demonstrating a notable improvement in grid
stability. Transmission losses in Benghazi decreased from 14.0% to 8.5%, a 39.29% decrease, indicating
improved energy efficiency. Renewable energy integration in Misrata improved by an astounding 175.00%,
from 8.0% to 22.0%, indicating progress toward a cleaner and more sustainable energy mix. In Sebha,
customer satisfaction rose from a score of 65.0 to 80.0, a 23.08% improvement that reflected improved
dependability and service. The dependability index dropped from 7.2 to 3.5 at Zliten, indicating a 51.39%
improvement in grid reliability. This highlights the beneficial effects of Smart Grid technology on
operational performance. All things considered, these upgrades demonstrate how the deployment of Smart
Grid has improved Libya's electricity system's sustainability, efficiency, and service quality. Moreover, The
data in Table 4 compare essential performance indicators of selected regions in Libya before and after the
implementation of Smart Grid, which indicates the enormous improvement in the efficiency, reliability,
and sustainability of the electric power system. It can be qualitatively interpreted from these improvements
that there is a quantitative explanation using Smart Grid power system models and operational equations.
In Tripoli, the power outage frequency decreased from 18.5 hours/year to 9.5 hours/year - a 48.65%
reduction. This can be explained using the Smart Grid power flow model, implying that Smart Grid
technologies related to real-time monitoring, automated fault detection, and self-healing network capability
have improved system reliability. In Benghazi, transmission losses in the network were reduced from 14.0%
to 8.5%, a 39.29% decrease, indicating better energy efficiency by optimizing power flow, voltage
regulation, and load balancing. These improvements in operation can be interpreted with the help of the
Smart Grid power balance model, which governs real-time grid operation:

TPa(t) + YPres(t) = YPo(®) + Pu(t)  — — —— — - (1)

Assuming Libya’s current average generation capacity of 7,000 MW, with renewable contribution
of 600 MW and losses of 30%:
PL=0.30 x 7000 =2100 MW

Delivered power before Smart Grid:
Pp =7000 + 600 — 2100 = 5500 MW

After Smart Grid deployment, assuming loss reduction to 18%:
PS5=0.18 x 7000 = 1260 MW
P5%= 7000 + 600 — 1260 = 6340 MW

This will lead to an additional 840 MW of available power, which in turn plays a part in minimizing
outages and boosting customer gratification in different regions in the country. Reduction in transmission
and distribution loss can be explained in terms of resistive loss model as follows:
Piss=P’R ~ ——— —— - (2)

Through load balancing and voltage optimization, Smart Grids reduce current flow. Assuming a
25% current reduction:
P3¢ = (0.751)2R = (0.561)%R
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This is equivalent to achieving a reduction of 44% in the resistive losses, similar to the empirical
loss reduction in Benghazi as presented in Table 4. Quantification of improvements in the energy efficiency
is achieved using the grid efficiency equation:

n = Ldetivered 109005 — — — — — 5 @)
Egenerated

Before Smart Grid:

5500
Nbefore = 7600 X 100% = 72.4%
After Smart Grid:

6340

Nafter = 7600 X 100% = 83,4%

This is a percentage-point improvement in efficiency, showing that the Smart Grid plays a very
important role in terms of loss reduction and maximization of delivered energy. At Misrata, renewable
energy integration increased from 8.0% to 22.0%, which is an improvement of 175%. This highly
significant increase is indicative of the Smart Grid's adaptive control, real-time forecasting, and distributed
energy management, capable of handling intermittent renewable energy. Meanwhile, Sebha posted a
customer satisfaction increase of 23.08% from 65.0 to 80.0. The proposed complete revamp is due to
improved service reliability and reduction of service interruptions. Similarly, the grid reliability index in
Zliten has improved by 51.39%, further establishing the positive system-wide impact of Smart Grid
deployment. Thus, the combined empirical results represented in Table 4 and the supporting quantitative
models presented here establish the fact that Smart Grid technology significantly enhances the electricity
system of Libya through increased delivered power, reduced losses, improved efficiency, increased
reliability, and higher renewable energy penetration. All these improvements put together contribute to a
much more sustainable, resilient, high-quality electric power system that is able to support Libya's
economic and social development in the long run.

There are a number of barriers and difficulties facing Libya's adoption of smart grid technologies, including
social, legal, financial, and technological ones. A summary of these difficulties and suggestions for
overcoming them may be found below:

1. High Initial Investment Costs Both governmental and private sector investment may be discouraged
by the high initial cost of these technologies (Haque, 2023). The Libyan government might look
into public-private partnerships (PPPs) as a means of sharing the cost in order to overcome this
obstacle. By encouraging cooperation between public and commercial organizations, both can
share the expenses and long-term gains of better energy systems. The government could also
provide financial incentives, such tax breaks, subsidies, or low-interest loans for businesses who
are prepared to invest in the infrastructure, to entice investment in the construction of Smart Grids.
The initial financial strain might be lessened and system improvements and integration could be
made more gradual with the aid of a phased deployment strategy. These tactics might promote
investment and make it easier for Libya to successfully adopt Smart Grid technology (Blessing,
2024).
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2. Lack of ICT Infrastructure in Remote Areas Similar difficulties arise in many remote regions of
Libya due to a lack of ICT infrastructure required to facilitate the implementation of Smart Grid
technologies. The automation, data transfer, and real-time monitoring that Smart Grids depend on
require dependable and secure internet access. This problem is most noticeable in rural areas, where
there is a lack of digital communication infrastructure and an already unstable grid. The Libyan
government should give priority to growing internet and mobile networks in underserved areas in
order to set the groundwork for Smart Grid technology. This might be accomplished by working
with telecom companies to improve access and make sure that rural communities are part of the
digital revolution. Libya can increase access to the required technologies and facilitate the effective
deployment of smart grids throughout the nation by fortifying these networks, which will enhance
grid dependability and service quality for all residents. (Ferrari et al, 2022).

3. Limited Skilled Human Resources The lack of highly qualified workers needed for the effective
deployment and operation of Smart Grid technologies presents a similar difficulty for Libya. Smart
grid design, management, and upkeep require engineers, technicians, and data analysts. These
specialist workers are currently in short supply in Libya's energy sector. Specialized courses in
fields like data analytics, renewable energy integration, and Smart Grid technologies should be
promoted by educational institutions and technical training facilities in order to close this gap.
Government, corporate, and academic partnerships can be very important in creating capacity-
building initiatives that will generate a skilled labour force. These programs can assist provide
people the skills they need to enable Smart Grids expand and guarantee their long-term success in
Libya's energy industry (Ohanu et al, 2024).

4. Cybersecurity Risks The system will be more susceptible to cyberattacks as Libya incorporates ICT
into its electrical infrastructure and embraces Smart infrastructure technology. These assaults might
jeopardize private information, interfere with power sources, or harm vital infrastructure. As Libya
transitions to a digital grid, maintaining strong cybersecurity becomes crucial. To protect the Smart
Grid, the government should give top priority to creating robust cybersecurity laws and procedures.
In order to apply international best practices for safeguarding Smart Grids, funds for cybersecurity
research and development should also be allotted, along with the promotion of cooperation with
specialists from other countries. To reduce threats and improve the energy system's resilience, real-
time monitoring, frequent security audits, and thorough cybersecurity training for staff are also
crucial (Mishra, 2022).

5. Regulatory and Policy Barriers Libya may not totally back the adoption of Smart Grid technology
within its current legislative and policy environment, especially in issues that touch on data privacy,
pricing of energy, and the utilization of renewable sources of energy. Adoption of Smart Grid
technology may be delayed by regulatory ambiguity. The Libyan government should endeavour to
modernize and streamline energy laws and regulations in order to overcome these obstacles. This
would entail creating explicit data privacy regulations, providing incentives for the use of
renewable energy sources, and determining energy pricing that accurately represent the costs
associated with putting Smart Grid technology into practice. In addition to speeding up the adoption
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process, a favourable regulatory framework will increase the appeal of Smart Grid projects to
investors, enabling their effective implementation and operation in Libya (Narouzi, 2022).

6. Public Resistance to New Technology The end consumer in the case of Libya could be resistant to
adopting smart grid technology, especially in areas where there is a lack of knowledge or trust in
new technology. The resistance could be driven by concerns over potential disruptions to the
current electric network infrastructure, personal privacy infringement, and job elimination. To deal
with this problem, an educational campaign concerning the benefits of smart grids, such as better
efficiency in energy use, cheaper prices, and reliability in infrastructure, should be instituted.
Participating in the planning and decision-making process with communities will boost public
support and foster confidence. Furthermore, putting in place pilot projects to show the real benefits
of smart grids can promote adoption and cultivate a favourable opinion of the technology (Loza,
2024).

7. Challenges in Integrating Renewable Energy. The inherent intermittency and variability of these
sources, such as solar and wind, make their integration into the current system problematic in Libya.
Among others, Smart Grid technology must master the challenge of balancing these variable
sources to ensure a stable and reliable electricity supply. To improve grid flexibility and stability,
it is advised to use dynamic load management systems, energy storage options, and sophisticated
forecasting tools.

8. . These strategies will raise the proportion of renewable energy in Libya's energy mix while
assisting in ensuring a more reliable power supply (Cavalieri, 2022).

10. Conclusion

According to the results we got from this paper the implementation of Smart Grid technology in Libya
presents a transformative opportunity to address the country’s long-standing energy challenges, such as
frequent power outages, high transmission losses, and overreliance on fossil fuels. Further, Smart Grids
allow the effective monitoring of the electricity distribution network through the integration of enhanced
technologies in the field of digitization and real-time analysis of data. In addition to this, the integration of
renewable energy sources such as solar and wind power could be beneficial to the energy landscape of
Libya by avoiding increased dependence on oil and gas resources. Such technologies also serve to provide
more information to the consumer so that costs could be kept to a minimum. However, Libya faces several
challenges in adopting Smart Grid technology, including high upfront costs, limited infrastructure, and a
shortage of skilled personnel. The country’s ICT infrastructure, especially in rural areas, is underdeveloped,
which may hinder the deployment and maintenance of Smart Grid systems in these regions. Moreover,
there is a lack of local expertise in energy management and renewable energy technologies, necessitating
investments in education and training. Cybersecurity is another concern, as increased interconnectivity can
expose the grid to potential cyberattacks. Overcoming these obstacles will require a collaborative approach
involving the government, private sector, and international partners, alongside regulatory reforms and
significant investment in infrastructure and workforce development.

11. Suggestion
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To successfully implement Smart Grid technology in Libya, it is important to start with small pilot projects

in urban areas. These projects can showcase the benefits of Smart Grids, such as improving energy

efficiency and reducing costs, before expanding to rural areas. The government should also focus on
upgrading the country's ICT infrastructure and collaborate with international experts to ensure proper

technical support. Additionally, training local professionals in energy management and Smart Grid
technology will be crucial for the long-term success of the project. Finally, creating strong cybersecurity

measures and clear regulations will help protect the system and attract investments.
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