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Abstract: The global energy generation and distribution
landscape is rapidly evolving to optimize efficiency and
sustainability in electrical power. This study provides a
comprehensive assessment of emerging technologies within
Iraq's energy sector. The primary aim of this research is to
compare emerging technologies related to the sustainability of
electric power. Energy sustainability in Iraq's power grids can
be improved through several key strategies such as renewable
energy integration, grid modernization, and energy efficiency
measures. These emerging technologies are proving to be more
effective than conventional energy methods. The results of this
study offer a comparative analysis of various emerging
advancements in electrical power generation and distribution. It
provides insights into efficiency, environmental impact,
scalability, economic feasibility, and technological innovation in
the evolving electrical energy sector, the findings of this
research indicate that renewable energy sources are a
significant focus in the study of evolving dynamics in the field.
This study conducts a comparative analysis of emerging
technologies, examining their efficiency and sustainability. The
comparison  between  sustainable energy sources and
conventional energy sources highlights a pathway to modernize
power technologies, positively impacting Iraq's overall power
efficiency and economic growth.

Keywords: Energy, Power Grid, Efficiency, Sustainability,
Emerging Technologies, Generation

Electrical Power Generation and Distribution
based on Iraq’s power sector: The extent of
the study envelops a complete survey of

The worldwide landscape of electrical power
generation and distribution is undergoing a
surprising change. As society turns out to be
increasingly aware  of
efficiency, and ecological effect, the energy
area is constrained to develop. In this
specific circumstance, the study named
"Optimizing Efficiency and Sustainability in
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trend setting innovations, for example,
environmentally friendly power sources,

sustainability, lattice modernization, energy capacity
arrangements, and  brilliant  matrix
frameworks. By  juxtaposing  these
technologies, their assets, shortcomings, and
their certifiable applications will be
examined.
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The meaning of this study lies in its
capability to directly approach creators,
energy industry partners, and innovators in
making informed choices (Basu et al., 2022).
The previous experiments regarding the
sustainability is not compare very much with
the conventional energy sources, all are
mainly focused only on sustainable resources
and their uses. In this research topic the main
focus is to compare the emerging sustainable
energy sources with the conventional energy
sources to increase the efficiency of power
generation and distribution.

2. Literature review

According to Mariano-Hernandez et al
(2021), the electric energy sector plays an
important role in the economic growth of
any country. Iraq, a country wealthy in
natural resources, faces a remarkable
arrangement of difficulties and open doors in
the domain of electrical influence, age and
conveyance. The productive usage of
resources, combined with the different
manageable practices, is basic for fulfilling
the energy needs of the country’s power
supply. This topic investigates the different
components of optimizing efficiency and
sustainability in electrical power with a
specific spotlight on Iraq's energy landscape.
Iraq's energy area has for quite some time
been portrayed by an overreliance on fossil
fuels, primarily oil and natural gas. This
reliance has prompted shortcomings in
power age and circulation, with restricted
endeavors made to differentiate the energy
blend. In any case, ongoing improvements
have moved the nation's concentration
towards sustainable and feasible energy
sources, perceiving the potential for long-
haul ecological and financial advantages.
The comparative investigation of arising
technologies has acquired noticeable quality
as Iraq assesses different choices to improve
efficiency and manageability. The authors
described conventional sources but the
sustainability sources are not described well.
The sustainable energy sources which are a
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financially strong approach for the country
will be the main concern.

According to Chakraborty et al. (2022) the
development is required to improve the
efficiency and sustainability in Iraq's
electrical power area. Comparative studies of
arising technologies, especially in the
domains of sun-powered and wind energy,
feature the likely advantages of broadening
the energy blend. Besides, the combination
of smart grid technologies offers the
commitment to upgraded grid board and
efficiency. All in all, Iraq's excursion
towards  optimizing efficiency  and
manageability in electrical power age and
dispersion is a basic move toward getting a
more brilliant and more reasonable future for
the country. Comparative studies of arising
technologies give significant experiences,
and the reception of environmentally
friendly power sources, for example, sun-
based and wind power, close by the joining
of smart grid arrangements, is ready to upset
Iraq's energy landscape. As the positive
impact in the environment there also the
negative impact of this on environment like
the storage system of solar energy can affect
the environment.

To provide a clearer understanding, I present
below a comparison of the main findings of
the reviewed studies. The Main Objectives
of My Research Aims to compare emerging
technologies with conventional sources to
improve the efficiency and sustainability of
Iraq’s electrical power sector.

2.1 Scope and Focus

While several studies, such as previous
studies, have explored renewable energy
technologies such as solar and wind, most
have not directly compared sustainable and
conventional energy sources, as this research
aims to do.

2.2 Methodological differences

Most of the studies reviewed used case
studies or simulations focusing on specific



technologies, but this study uses practical
experiments with multiple technologies to
evaluate their performance in real-world
scenarios in Iraq.

2.3 Geographical context

The majority of previous studies, such as
those by Basu et al. (2022), were conducted
in different regions outside of Iraq, making it
necessary to explore the unique challenges
and opportunities within the energy sector in
Iraq.

2.4 Contribution to the field

This research fills a gap by providing a
comprehensive comparison between
emerging sustainable technologies and
conventional energy sources, which has not
been comprehensively addressed in the
reviewed literature.

3. Aims and objectives

The primary aim of this study is to assess
and look at Iraq’s emerging technologies in
electrical power generation and distribution
to determine their adequacy in optimizing
efficiency and sustainability. Through this
comparative investigation, the study looks to
give insights that can inform the progress
towards a greener, more effective, and
sustainable electrical energy environment
(Thirunavukkarasu & Sawle, 2021). In a
period set apart by increased consciousness
of natural issues and the need to lessen
carbon footprints, the mission for energy
efficiency and sustainability has accepted
central importance. The aim of this study is
to dig into the multi-layered parts of
emerging technologies like sustainable
power sources, and comparative efficiency
in power generation.
e To evaluate the efficiency and
sustainability energy sources for
Iraq, as an example, solar and wind
power, in  electrical ~ power
generation.

e To assess the comparative studies
of emerging technologies for
different electrical sectors.

e To distinguish administrative and
strategy structures that can work
with the integration of sustainable
and productive technologies in the
power area.

e To examine contextual analyses of
fruitful executions of emerging
technologies in various districts and
their effect on sustainability.

e To give proposals for essential
progress towards a more sustainable
and productive electrical power
generation and distribution
framework.

3.1. Proposed Work

The study aims to evaluate the effectiveness
of emerging sustainable energy technologies
in Iraq by analyzing technologies such as
solar and wind energy, compared to
conventional sources in terms of efficiency,
environmental impact and economic
feasibility. As shown in figure 1 the levels
show that the data will be collected using
power quality analysis tools and smart grid
management systems, with laboratory
experiments to measure the performance of
solar panels and wind turbines. The results
aim to enhance efficiency and support
policies needed to integrate sustainable
technologies into the Iraqi energy sector.

Figure 1. Proposed work
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3.2 Study objectives

Emerging Technologies Assessment: The
following research hopefully tends to discuss
and analyze such emerging sustainable
technologies, i.e., Solar, Wind Energy, etc.,
in relation to their generation and
distribution of power in Iraq.

Comparative Analysis: A look into the same
with conventional sources of energy would
help identify how efficient the resource is
and its environmental impacts and economic
viability.

Recommendations on the Policy: We should
develop proposals for policy frameworks
that will favor the exploitation of emerging

sustainable and efficient energy
technologies.
3.3 Methodology

Tools: Advanced tools such as power quality
meters and smart grid management software
and applications would be used to acquire
data regarding the performance and
efficiency of the emerging and conventional
energy technologies.

Energy Storage and Management: The focus
shall be directed to different energy storage
systems, lithium-ion batteries, and other
advanced lead-acid batteries, assessment of
their ~ efficiency @ and  sustainability.
Incorporation of smart grid programs shall
assist in modernizing the power distribution
systems by increasing the capability for
monitoring and control. 3.3. Experimental
Design:

Descriptive  Experiments -  Laboratory
experiments that describe efficiency of solar
panels and wind turbines operating under
varied conditions.

Data Collection: The comparison in the
performance of renewable energy against
conventional sources is by providing an
overall efficiency and impact analysis in
terms of technologies.
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3.4 Expected OQutcome

The integration of renewable sources will
lead to Dbetter energy efficiency and
sustainability.

Providing detailed guidelines on how
effective policy formulation and strategies
could be carried out toward renovating the
energy sector in Iragq.

4. EXPERIMENTAL

4.1 Instrumentation

The below mentioned instruments are
indispensable for acquiring exact and
important data, urgent for evaluating the
comparative performance of emerging
technologies in electrical power generation
and distribution for the nation of Iraq
(Arsalis et al., 2022). Further, the discussion
of the distribution of the energy generation
of the power grids are also evaluated for the
analysis of the energy sustainability of the
nation. The different techniques that are
useful for the generation of energy in the

power grids with the wuse of varied
techniques are  being  comparatively
analyzed.

4.2 Power Quality Analyzers

These instruments are major to the study as
they empower the collection of urgent data
regarding the quality of electrical power.
Power quality analyzers screen boundaries
like voltage, flow, recurrence, and consonant
mutilations, providing insights into the
performance of electrical systems (Liu et al.,
2019). This data is basic for understanding
the efficiency and sustainability of power
generation and distribution technologies.

4.3 Energy Storage

Systems Analyzers the study assesses
different energy storage arrangements, and
to accomplish this, an assorted cluster of
battery analyzers and it are utilized to screen



systems. These systems are explicitly
intended to evaluate the performance and
efficiency of various energy storage
technologies. They take into consideration
the estimation of charge release cycles,
energy transformation efficiency, and in
general dependability.

Batteries have the scope of energy storage,
including lithium particles and high-level
lead corrosive batteries. These batteries are
exposed to thorough testing to assess their
performance in storing an overabundance of
energy and enhancing grid strength (Tan et
al., 2021). The materials utilized in the
development of these batteries
straightforwardly impact their efficiency and
sustainability.

4.4 Smart Grid Management

Software Smart grid innovation is integral to
the study's emphasis on modernizing
electrical grids. For continuous monitoring
and enhancement of grid performance, high
level smart grid management software is
used (Amir et al., 2023). This software gives
the ability to screen and examine grid
performance, ensuring proficient energy
distribution and grid unwavering quality.

4.5 Materials

The determination of materials like
photovoltaic panels, wind turbines, grid
components is critical in ensuring the
outcome of the experimental systems. The
selection of materials lines up with the
overarching  objective  of  optimizing
sustainability and efficiency in electrical
power generation and distribution.

Excellent photovoltaic panels are utilized for
harnessing solar energy (Makhsoos et al.,
2023). The determination of these panels
depends on their demonstrated efficiency
and sturdiness, ensuring ideal energy catch.
The materials utilized in the development of
these panels assume a critical part in their
efficiency.

Wind turbines are used to catch wind energy
and convert it to electrical energy. These
turbines are picked for their demonstrated
energy generation capacities, minimal
environmental impact, and the quality of
materials utilized in their development,
which influences their toughness and
efficiency (Seri et al., 2021). Coastal wind is
rapidly approaching expense equality with
fossil generation and gives critical
discharges decreases. Steady strategies have
driven quick development, yet mid-term
projections actually miss the mark regarding
specialized potential. Offshore wind remains
more costly yet offers higher and more
predictable results. Key exploration needs
include turbine efficiency, activity and
maintenance, grid integration devices, and
untamed life impact minimization that is the
part of sustainability.

The modernized processes of electrical grids
include different grid components. These
components include progressed sensors,
correspondence systems, and control gadgets
(Singh & Dubey, 2022). The materials
utilized in these components are picked in
light of their similarity with smart grid
innovation, ensuring that they add to the
improvement of grid performance.

4.6 Comparative Analysis

Data analysis is a basic period of the
exploration, encompassing the examination
and interpretation of data gathered from
different instruments and strategies Das et al.,
(2021). The data analysis process involves a
few vital processes which is based on
sustainability and the efficiency data of
power transmission and distribution.

Data from various emerging technologies
like solar energy system are contrasted with
recognized patterns, differences, and key
performance  measurements  which is
compared with conventional energy system
like coal energy. This comparative analysis
considers an exhaustive assessment of every
innovation's efficiency and sustainability.
Economic feasibility is an indispensable part
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of the study (Amin et al., 2020). It involves
evaluating the expense adequacy and
sustainability of emerging technologies.
Initial expenses, profit from investment, and
long haul cost adequacy are painstakingly
examined to determine the economic
practicality of every innovation.

4.7 Experimental Methods

An experiment is performed which is
mentioned below based on the efficiency of
solar panels, common emerging technology
and sustainable energy which is designed in
different types based on their efficiency
(Zambrano-Asanza et al., 2021). Controlled
labs are used to conduct different types of
experiments to measure the output intensity
in varying conditions as per the Iraq energy
sector.

Energy manageability and sustainability in
Iraq's power lattices can be worked on
through a few key procedures:

1.  Environmentally  friendly  power
Integration: Expanding the portion of
environmentally friendly power sources, for
example, sun based and wind power, in the
energy blend can lessen reliance on
customary petroleum products and add to a
more feasible energy framework.

2.Energy Proficiency Measures: Executing
energy-productive advances and advancing
energy-saving practices can assist with
limiting energy wastage and lessen the
generally speaking natural effect of force age
and dispersion.

3.Network Modernization: Overhauling the
power lattice foundation with brilliant matrix
innovations can work on the productivity,
unwavering quality, and strength of the
energy appropriation framework, prompting
streamlined energy use and diminished
misfortunes.

4.Strategy Support: Laying out steady
arrangements and guidelines that energize
the reception of reasonable energy works on,
including motivations for sustainable power
projects and the execution of energy
proficiency norms.
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5. Results

The experimental investigations have
yielded an abundance of data and insights
based on power sector of Iraq. To convey the
results successfully, the user will utilize a
combination of plans, tables, and figures to
introduce the findings (Ghoniem et al., 2023).
This part will give a complete outline of the
experimental results, highlighting key
performance measurements and patterns of
the sustainability and efficiency of emerging
power sector.

5.1 Photovoltaic Panel Performance

One of the focal parts of the study was the
evaluation of photovoltaic panels for
harnessing solar energy. PV cells retrieve the
energy from the solar source to activate the
solar cell to generate the electricity (Motlagh
etal., 2020). So the solar cell life is important
to maintain the efficiency of the supply of
power. As shown in Figure 2 the
performance of different photovoltaic panels
under various weather circumstances.

Solar
Radiatios
Char, oe Control

PV Cell
ﬁ;l =0 <ﬂ

Figure 2. Solar Power Generation system

5.2 Wind Turbine Efficiency

The study additionally evaluated the
efficiency of wind turbines in capturing wind
energy. Figure 3 gives a summary of wind
turbine performance measurements,
including power generation and versatility to



various wind speeds (Wang & Wright,
2021). Figure 3 obviously indicates that
Wind Turbine reliably creates the most
powerful result across a scope of wind
speeds. Wind Turbine and show moderate
performance, for certain varieties in light of
wind speed.

wind ‘
e
—
—

Figure 3. Wind power system
Energy Storage Solutions

The assessment of energy storage solutions,
a few batteries were exposed to broad
testing. That shows the charge-discharge
cycle efficiency of these batteries (Okampo
et al.,, 2022). Uncovers that the battery
displays uncommon charge-discharge cycle
efficiency, maintaining superior performance
over different cycles. Battery is, while
productive, shows slight performance
debasement after some time. E = P*(t/1000),
where E is energy, P is power, t is time.

Smart Grid Integration
In the Figure 4 the smart grid integration

system is shown, the functionality of the grid
system.

Power Tranmission Network

<&  Data Communication Network g
Smart Grid
Control center
»

Figure 4. Smart Grid System

It shows the real-time monitoring capacities
of the smart grid management software
(Rathor & Saxena, 2020) and exhibits the
software's capacity to give real-time data on
voltage, current, and grid strength. This real-
time monitoring considers quick reactions to

varieties in grid conditions, enhancing
efficiency and unwavering quality.

5.3 Environmental Impact

The wusing of sustainability in energy

industry increase the efficiency as well as it
produces absolute low carbon emission
compare to the traditional sources. The
decision making regarding the impact of the
energy sector on environment and as result it
may harmful for the human life. The
renewable energies like solar power, wind
energy which make the environment
ecofriendly which is more efficient
compared to the conventional sources.

Environment

-

Sustainability

\ [ ,\
Economic W Social

Figure 5. Diagram of environment impact

The results from the experimental
examinations which are mentioned in Table
1 give important insights into materials
names and experiential data which gives the
idea of efficiency, and sustainability of
emerging technologies in electrical power
generation and distribution (Acakpovi et al.,
2020). Electrical power generation and
distribution is a basic infrastructure that
should satisfy growing energy needs
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sustainably. This report thinks about
emerging technologies for improving the
efficiency and sustainability of power
systems (Widera, 2020). The aim is to
assess innovations in renewable generation,
smart grids, and storage for the specialized
performance, economic feasibility, and
environmental  impacts. The  results
emphasize the scope of the sustainable
energy like solar system, wind power and
other  different sources. In  power
distribution, this formula is very much
needed. P = V*I, where P is power, V is
voltage and I is current.

Table 1. Resources utilized

Materials

S.No Experimental Data
name
1 Photovoltaic Data Collection
Panels
2 Wind Turbines Performance
Assessment
3 Energy Storage| Data Analysis
4 Grid Smart Grid
Components Integration
6. DISCUSSION

The results introduced in the past have
illuminated a few basic parts of electrical
power generation and distribution, explicitly
with regard to emerging technologies
(Assareh et al., 2023). Tending to
viewpoints, Iraq can pursue fabricating a
stronger and more effective energy
conveyance  framework,  consequently
guaranteeing solid admittance to power for
its residents and advancing by and large
financial turn of events (Nuchturee et al.,
2020). While I can give an overall near
examination of late energy age innovations, I
don't have explicit, state-of-the-art data on
the ongoing energy age advances in Iraq.

1. Environmentally friendly power Sources:
Evaluating the plausibility and execution
capability of different environmentally
friendly power advances, for example,
sunlight based photovoltaic, wind turbines,
and hydroelectric ability to lessen reliance
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on ordinary petroleum products and advance
feasible energy age.

2. Petroleum gas Power Plants:
Investigating the proficiency and ecological
effect of gaseous petrol power plants, which
can give a cleaner option in contrast to
conventional coal-terminated power plants
and assist with diminishing fossil fuel
byproducts.

3. Atomic Power: Taking into account the
potential for atomic power age and
surveying its reasonableness with regards to
energy  security, cost-adequacy, and
ecological supportability, remembering the
related  wellbeing and  administrative
contemplations.

4. Energy Capacity Solutions: Assessing the
advantages and limits of various energy
stockpiling  innovations, like  battery
stockpiling, siphoned hydro capacity, and
nuclear power stockpiling, to empower
better joining of discontinuous sustainable
power sources and guarantee a more
dependable power supply.

A thorough similar examination would have
to think about the particular setting of Iraq,
including variables like asset accessibility,
ecological worries, framework capacities,
and in general energy security objectives.
Leading itemized appraisals of the
specialized, monetary, and ecological parts
of these advances would give significant
experiences to informed dynamics in Iraq's
energy age area (Akhtari et al., 2020). The
efficiency of the sustainable energy
generation is done according this study
which is calculated like. Efficiency =
Output Power/Input Power

The data is shown in Figure 6 as per the
production of the energy in Iraq's energy
manufacturing unit. As per the data table, the
energy production from conventional energy
sources is the highest in the time period of
2000 to 2018 (Dorn-Gomba et al., 2020).
After this period the demand for
conventional energy started to decrease and
the sustainable energy demand started
increasing. In the future, after 2018



sustainable energy production will be higher
compared to conventional energy sources.

Pareto chart

100%
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20%
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Figure 6. Pareto chart of energy production

H Flared volume

B Associated gas brought to market

Figure 7. Scatter plot of energy production
market capture

The Figure 7 data gives information about
the market share of conventional energy
production compared to sustainable energy
(Ishaq et al., 2020). In the year 2000, as per
the graph the flare of the gas started
increasing, in near about 2018 it reached its
peak after that the demand started
decreasing. Sustainable energy sources
started increasing in 2015 and the demand
for this started increasing according to the
time span and in the near future it will be
higher.

7. Conclusion

The investigation of efficiency and
sustainability in electrical power generation

and distribution, as embraced in this study,
has illuminated a way toward a more
sustainable and proficient energy future of
Iraq. The results highlight the potential for
solar panels, explicitly those engineered for
versatility, to tackle solar energy proficiently
and reliably. Wind turbines, when planned
vigorously and developed with top-level
materials arise as dependable power
generators across varying wind conditions.
Energy storage solutions can altogether
reinforce grid stability when outfitted with
cutting edge materials, hence reducing
energy wastage. Smart grid management

software opens new skylines in grid
advancement, promising improved
efficiency and  flexibility. = Economic
feasibility and environmental impact

assessments act as compasses for chiefs,
steering them towards economically sound
and environmentally dependable decisions.
The lower fossil fuel byproducts and
prevalent environmental profiles of explicit
technologies illuminate a way towards
combating environmental change
successfully. In total, this study fills in as a
fundamental foundation in the drive to
reshape the energy area. It advocates for the
determination of technologies streamlined
for efficiency, sustainability, and
environmental  obligation. By making
informed decisions and embracing emerging
technologies, the energy industry can lead
the charge toward a future set apart by both
economic reasonability and environmental
stewardship. The emerging like solar energy,
wind energy and others technologies are
more efficient, reliable and the futuristic
compared to the conventional energy where
environmental asses and other parameters
are affected. In the near future the
sustainability is the key of the energy sector
to improve the efficiency in distribution and
generation.
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