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Abstract: The United Arab Emirates (UAE) is considered a strategic hub with a business-friendly free
zone and a fast-growing economy. Globally, governments realize the importance of updating electric
energy grids and establishing smart grid systems. The smart grid system (SGS) combines connected
networks and the technological era, providing several methods to produce power from multiple
sources. This research aims to analyze the UAE’s smart grid system’s development challenges through
a survey intended to extract the most significant guidelines and issues affecting the progressive
implementation of SGS in Abu Dhabi city, as these issues have not been thoroughly investigated.
An in-depth empirical study was conducted to investigate the significant factors affecting the SGS
through four aspects: nature, sponsor support, government responsibility, and market expansion.
The “Policy Delphi” and a sophisticated survey tool called Qualtrics were adopted by a biased group
of opinion specialists. The survey is intended to extract and analyze the most important guidelines
and issues affecting the progressive SGS implementation in Abu Dhabi city. The findings of this
study illustrated the drivers and barriers that affect the smart grid and the variables that should
be addressed to enhance its functionality. Energy efficiency and loss reduction were ranked as the
top driver with 32%. Operational and connectivity challenges were cited as the major obstacles to
SGS implementation. Finally, the results indicate that smart grid technology can promote economic
growth in the country by enabling a sustainable electricity supply.
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1. Introduction

The massive reduction in energy availability has become a major concern for using
energy resources and many eco-friendly issues, such as poisonous fumes and weather
changes. According to the Clean Energy Progress Report released by the IEA in 2011, global
energy consumption is predicted to double by 2025 [1]. Building capabilities should be
created using the least amount of energy possible to avoid such troubles. Therefore, energy
efficiency and preservation systems must be adopted. The utilization of energy has many
statistical measures that can be used to gauge changes in energy consumption. In the same
way, reducing power consumption involves lowering energy consumption in comparison
to its current level [2].

Recently, Gulf Cooperation Council (GCC) countries have realized they could end
up with energy insecurity due to overreliance on oil. Thus, several GCC countries have
established renewable energy targets by 2030–2040 and committed substantial investments
toward that goal [3,4]. In order to generate, store, and distribute energy in this new
direction, innovative techniques will be needed in the infrastructure. A promising long-
term industry transformation solution is the next-generation electric power system called
“smart grids” [5]. A two-way flow of both electrical power and information is expected to
revolutionize the generation, storage, transmission, and distribution of electricity under
the SGS [6]. Additionally, this new system will include environmental alternatives, such as
wind, solar, and biomass.
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The research hypothesis was based on the fact that most electricity distribution systems
in the world were built at a time when energy prices were relatively low, as well as the
fact that some minor upgrades have been made to the primitive grid network over time. It
is imperative to use modern technology to keep up with the growing demand for energy,
and since renewable energy is becoming more prevalent, an improved grid is needed to
accommodate its components. Smart grid technologies are becoming increasingly popular
today as a result of the numerous technological applications that come from industry
players, researchers, and investors [7]. However, these technological applications are
infrequently implemented in the UAE region. In addition to contributing to the sustainable
development goals SDG objectives through its effective operations in minimizing costs and
reducing environmental pollution, this work could be considered an initial step towards
the realization of the smart grid infrastructure in the region [8]. The main objective of
this study is to evaluate the challenges of developing a smart grid system in Abu Dhabi
by conducting a specific survey aimed at extracting and analyzing the most significant
guidelines and issues that affect the progress of the implementation of a smart grid system
for the city.

In the first section, this paper outlines a literature review including information about
the UAE’s energy consumption and smart grid technology, followed by a discussion of three
major challenges associated with smart grid policy, namely socio-culture, stakeholders’
involvement, and government association. In the second part of the study, the lessons
learned will be summarized through an analysis of international case studies and a local
case study in the UAE, Abu Dhabi, which will highlight the key issues and challenges,
and then the Delphi method will be used to summarize the results of the empirical study.
Finally, the final conclusion and recommendations are presented based on the results of the
survey and describe the main factors influencing the development of the SGS.

2. Literature Review
2.1. Traditional Grid Networks

A typical grid network system is shown in Figure 1. In a traditional power system,
the distribution system is fairly extensive due to limited communication and limited local
control. It basically acts as a load energy supplier based on demand. In general, the
thermodynamic cycles, such as those in fossil fuel power plants, have limited efficiency
of around 30% or less, and several other losses including transmission and distribution
casualties [9]. A traditional electric power grid consists of high-voltage transmission lines
that transport the generated electricity to distribution networks for a consumption “one-
way network”. It is important to understand that each stage—generation, transmission,
and distribution—has its own engineering challenges. As a result of interdependence
between the power grid elements, cascade effects may result; for example, a big blackout,
when several small events happen at roughly the same time and result in the entire system
collapsing [10]. Thus, smart grids were developed.

2.2. Smart Grid System

A random action was initially involved in the supply of clean energy. To overcome
this problem, smart grids have been developed to increase the amount of energy produced.
In a smart electrical network or smart grid, conventional electrical systems are combined
with state-of-the-art technology in order to create and distribute electricity from multiple
distributed sources [11], including renewable energy sources such as windmills, solar
panels, and wind turbines, as shown in Figure 2. The smart grid incorporated a two-way
communication process that allowed consumers to get their energy source as well as to
contribute to the grid effectively [12].
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The use of smart grids for energy is justified by a number of factors. In the first
place, non-RE sources are limited on Earth. The importance of renewable energy sources is
growing for future energy supply. Furthermore, environmental pollution continues to rise;
almost all energy production and use are associated with environmental defilement.

The smart grid’s main aim is to produce and move the energy between various nodes
straightforwardly, as well as to increase energy production and simplify its distribution,
and ensure consistency between energy production and consumption by consumers to
achieve efficiency [13]. A smart grid system (SGS) has many modules, each with a specific
task to accomplish the process, as illustrated in Figure 3. In the bright apparatus, the
time of energy consumption can be set based on the information entered by the user, and
the highest load energy and price can be managed by intelligent sensors. With smart
power measures, you can collect bills and locate system problems in any location, thanks to
two-way communication. Smart substations are responsible for managing and monitoring
the power function and standing. Various voltages are converted at the stations to reach
the consumers and to divide the energy stream in different ways. A key aspect of smart
grid interaction is combined communication, which must be very fast in order to give
outputs promptly. When it comes to smart grid interaction, there are some technologies to
be applied based on need [14].
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2.2.1. Demand Side Management

The electrical distribution market requires precise control to ensure that the energy
supply is not changed, but with the development of renewable energy, this may be changed
due to the limited sources of energy creation [15]. Demand-side management (DSM)
investigated this matter to find out whether there were other options available for energy
production. Through DSM, the main objective is to motivate clients to consume less energy,
whether they are at home or not, resulting in a reduction in demand [16].

Two main categories can be made for energy management activities: supply side
management (SSM) and demand side management (DSM), which involve using effective
devices to reduce power waste and decrease energy bills. According to several scientists
who specialize in green power production, DSM is a technical control of electricity us-
age that should achieve less energy consumption [17]. The focus of DSM is to provide
energy with competitive prices to all consumers with free services and to prevent power
outages [18].

2.2.2. The Importance of the Smart Grid System

Many features that can help the market grow when the systems store and analyze
data include searching for affordable, flexible energy sources and calculating the total
cost of expansion; this will eventually compel consumers to use less energy and raise
awareness [19]. Energy management is a key point that can be achieved through smart
grid plans. Many nations have improved their energy output through the development
of smart grid policies that increase demand and supply in accordance with financial and
political burdens, based on new technologies for power production and consumption. In
contrast, there are three key points that affect the security of the operation of the smart grid,
which are energy security, privacy policies, and maintenance policies [20].

As part of the smart grid project, a large amount of data is generated via and from
consumers and public facilities, which requires high-tech hardware and software that
requires performance preservation and control from the date of its allocation to the end
of its lifetime. One of the greatest challenges of smart grid projects is the security of the
Internet. A digital attack on the smart grid network could affect homes, public facilities,
and governing authorities. Many attacks have been performed, such as accessing the local
energy consumption data, which is able to give some details on whether the places are
occupied or how many people are at home. Guidelines should be set by the governments
to ensure the security of the smart grid to assist in the safety issues, such as smart gauges
with a strict social function that manages these networks and follows up on them [21].

There are several factors that contribute to the need for smart grids in developed and
developing countries. In order to address these factors, the IEA developed a technical
roadmap for smart grid development for regions and developing countries; however, the
latter face more challenges. The most important ones are:
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• growth in energy demand;
• energy theft;
• incorporation of renewable energies into the grid;
• aging infrastructure;
• growth in demand (electric transport);
• reducing peak demand.

2.3. Challenges of Smart Grid Policy

The smart grid employs the usage of new information and communication technolo-
gies to change the electrical power network. However, because of the large size of the power
network and much existing investment over the years in setting up the traditional grid
system, a proper justification for any changes to be made would require careful thought.

2.3.1. Socio-Cultural

When social and cultural variables are combined, several issues will arise, primarily
consumer-related issues, such as the current challenge of consumers’ ignorance of the
purpose, scope, and downside of smart grids. Educating users about energy consumption
and evaluating should be free. Consumers need to be aware of the potential cost savings
from using automatic pricing mechanisms made possible by smart grids in preservation
chains [14]. In most places in the world where petrol prices are low, there is little interest
from the consumer to reduce usage or to even consider energy as a per-hour cost. The
involvement and understanding of consumers is key to success in energy and power
projects, meaning that it is necessary to cover all aspects for consumers in the building
process, so that issues can be resolved and new ideas can be considered during the early
phases of the project.

2.3.2. Collaboration of Stakeholders

The primary idea regarding smart grids is mostly dependent on technological chal-
lenges, but integration and research are slowly but surely bridging the gap between ideas
and practical, effective smart grid projects. Though several smart grid projects have
been started, such as the BESCOM plans in India, they continue to fail as a result of the
dramatically increased industrial hurdles of recent times [22]. In the last few years, all
electricity network projects have adopted a linear approach to integration [23]. To make
smart grids work, several types of associations must be connected by a more consistent and
bidirectional network. Moreover, to increase the development of smart grids, the plan’s
implementation must involve as many stakeholders as possible, via a close association,
to develop a bidirectional interactive network during the early phases. A new structural
layout of smart grid stakeholders could improve the execution division, which is the most
likely problem in the development of the smart grid [24].

2.3.3. Role of Government

Smart grid systems offer clear advantages over traditional electricity systems, but a
key factor is that government regulators need to control electricity prices and profits from
smart technology. While there is a need to change policies that will encourage smart grid
development directly, changes to secondary policies are also possible to promote smart
grid growth and development indirectly, such as promoting renewable energy, increasing
energy security, and improving energy efficiency. In smart grid projects, the value will
be derived from the entire electricity network, from production to distribution, but the
main focus of investments will be on distribution, which is the most expensive part. To
achieve this type of growth, both the public and private sectors must collaborate [25].
Increasing green energy use makes the need for smart grid projects hardly necessary;
variable sources of renewable energy require a strategy for efficient energy management
with smart communication processes to support bidirectional communication networks.
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2.4. Energy Consumption in the UAE

The UAE’s electricity sector has grown significantly since the 1990s, particularly
in Abu Dhabi, which holds more than 90% of the country’s oil reserves. Water and
electricity generation and distribution are overseen and managed by Abu Dhabi Water and
Electricity Authority (ADWEA). Likewise, DAWEC was established to maintain wholesale
trading monopolies.

The UAE also has three other water and electricity authorities, including the Dubai
Water and Electricity Authority; FEWA—the Federal Electricity and Water Authority,
which serves Ajman, Al-Fujayrah, Ummal Qaywayn, and Ras Al Khaymah; and SEWA—
the Sharjah Electricity and Water Authority. Abu Dhabi’s ADWEA and Dubai’s DEWA
generate and consume most of the UAE’s electricity, accounting for more than 80% of the
country’s total electricity use in 2013, as shown in Figure 4 [26].
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The construction industry consumes the most energy among all types of facilities,
consuming approximately half of the world’s electricity [27]. This generates a large amount
of carbon dioxide, which is above thirty percent. By 2025, the International Energy Agency
(IEA) estimates that energy loss will reach over fifty percent [28]. Based on environmental
emissions state analysis reports, power consumption in buildings will grow by more than
forty percent compared to other facilities [29]. As a result, it is important to find solutions
to decrease energy consumption in all types of buildings.

The UAE’s buildings consume about 300 kWh per year, mainly for cooling during
very hot weather. This accounts for about 80% of the total consumption. Thus, reducing
energy consumption in buildings is crucial [30]. Utilizing green energy resources is one of
the best solutions.

2.5. Renewable Energy in the UAE

Renewable energy production has become one of the top priorities for nearly every
country around the world. Although most countries have the resources, such as a copious
amount of solar radiation, wind, or hydroelectric potential, reliability is the most troubling
problem with the use of such energies. The resources are always unpredictable, so utilities
must change the grid system to adapt to these needs [31]. A smart grid could increase
the flexibility of an electricity system by utilizing real-time data that would allow utility
operators to manage generation, demand, and power quality, enhancing system stability
and balance.

Energy generators that produce electricity from renewable sources reduce energy
costs and create no pollution, making them the most important methods to ensure the
sustainability of our planet. The UAE is regarded as one of the leading countries in the
world in terms of enacting and developing effective solutions for renewable energy, as
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it is the first country in the gulf to announce a 50% clean energy power strategy by the
year 2050 [32].

The first RE policy was announced by the UAE government in 2009. In accordance with
this policy, 7% of the energy used in the power sector by 2020 will come from renewable
sources. As a result, renewable energy sources will be used along with fossil fuels for
electricity generation [5]. Between 2014 and 2018, the penetration of renewable energy in
the UAE increased tremendously [33]. According to Table 1, the installed renewable energy
capacity in the UAE increased from 137 to 589, with a 2.0% share in the total power capacity,
with solar PV being the primary source of renewable energy.

Table 1. Renewable energy capacity in the GCC countries [33].

Country
2017–2018 2016 2015 2014

PV CSP Wind Biomass and
Waste Total RE Share of R in Total

Electricity Capacity Total RE Total RE Total RE

Bahrain 5 0 1 0 6 0.1% 6 6 6
Kuwait 19 50 10 0 79 0.4% 20 1 0
Oman 8 0 0 0 8 0.1% 2 2 1
Qatar 5 0 0 38 43 0.4% 43 42 42

Saudi Arabia 89 50 3 0 142 0.2% 74 74 24
United Arab

Emirates 487 100 1 1 589 2.01% 144 137 137

At the moment, a major renewable energy technology in the GCC region is solar PV,
concentrated solar photovoltaic (CSP), and wind energy. According to Figure 5, solar PV
dominates the renewable power additions in the GCC region, accounting for 81% of the
total; the UAE leads with 2727 MW of capacity added [34].

Buildings 2022, 12, x FOR PEER REVIEW 7 of 16 
 

must change the grid system to adapt to these needs [31]. A smart grid could increase the 

flexibility of an electricity system by utilizing real-time data that would allow utility op-

erators to manage generation, demand, and power quality, enhancing system stability and 

balance. 

Energy generators that produce electricity from renewable sources reduce energy 

costs and create no pollution, making them the most important methods to ensure the 

sustainability of our planet. The UAE is regarded as one of the leading countries in the 

world in terms of enacting and developing effective solutions for renewable energy, as it 

is the first country in the gulf to announce a 50% clean energy power strategy by the year 

2050 [32]. 

The first RE policy was announced by the UAE government in 2009. In accordance 

with this policy, 7% of the energy used in the power sector by 2020 will come from renew-

able sources. As a result, renewable energy sources will be used along with fossil fuels for 

electricity generation [5]. Between 2014 and 2018, the penetration of renewable energy in 

the UAE increased tremendously [33]. According to Table 1, the installed renewable en-

ergy capacity in the UAE increased from 137 to 589, with a 2.0% share in the total power 

capacity, with solar PV being the primary source of renewable energy. 

Table 1. Renewable energy capacity in the GCC countries [33]. 

Country  

2017–2018 2016 2015 2014 

PV CSP Wind 
Biomass and 

Waste 
Total RE 

Share of R in Total 

Electricity Capacity 
Total RE Total RE Total RE 

Bahrain  5 0 1 0 6 0.1% 6 6 6 

Kuwait  19 50 10 0 79 0.4% 20 1 0 

Oman  8 0 0 0 8 0.1% 2 2 1 

Qatar  5 0 0 38 43 0.4% 43 42 42 

Saudi Arabia 89 50 3 0 142 0.2% 74 74 24 

United Arab 

Emirates  
487 100 1 1 589 2.01% 144 137 137 

At the moment, a major renewable energy technology in the GCC region is solar PV, 

concentrated solar photovoltaic (CSP), and wind energy. According to Figure 5, solar PV 

dominates the renewable power additions in the GCC region, accounting for 81% of the 

total; the UAE leads with 2727 MW of capacity added [34]. 

 

Figure 5. Planned renewable power additions by countries. 

3. Methodology 

In this empirical study, a specified sample of opinion specialists working in the field 

of smart grid implementation and development was surveyed using a qualitative research 

design. In order to provide unrestrained opinions, data were collected from field experts 

to avoid any contrasting data from a controlled group. A precise search via the network, 

plus phone calls and emails, led to the selection of approximately 40 experts in UAE 

Figure 5. Planned renewable power additions by countries.

3. Methodology

In this empirical study, a specified sample of opinion specialists working in the field
of smart grid implementation and development was surveyed using a qualitative research
design. In order to provide unrestrained opinions, data were collected from field experts to
avoid any contrasting data from a controlled group. A precise search via the network, plus
phone calls and emails, led to the selection of approximately 40 experts in UAE generally
and Abu Dhabi specifically, with most of them agreeing that Abu Dhabi was our key area
of interest. The participants were categorized into four groups representative of industrial
sectors (12), academic institutions (18), urban authorities (5), and policymakers (5).

As illustrated in Figure 6, the paper begins by analyzing two international case studies
and then presents a local case study in the UAE that implemented the smart grid concept
on both a local and government level, in order to gain insights into the challenges and
lessons learned. Then, in order to discuss the smart grid’s future, guidelines, and issues
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affecting the progressive smart grid implementation in Abu Dhabi city. The traditional
method of “Policy Delphi” and a sophisticated survey tool called Qualtrics were adopted.
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Figure 7 presents the social-demographic portrait conducted on a sample of 40 partici-
pants, divided into four groups: industrial sector representatives (12), academic institutions
(18), urban authorities (5), and policymakers (5), all located in Abu Dhabi/UAE. Most of
the participants were males aged 35–45 and older. A bachelor’s degree was obtained by all
participants, and an advanced degree was obtained by 25 of them. Only 14 out of all the
participants were locals (Emirates), the rest being foreign nationals.
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During the online survey, two rounds were conducted. The first round ended in
April 2020; this stage seeks to identify the main barriers and drivers of SGS and their
features that could have a significant impact on the implementation of smart grids. In
addition, the survey was developed in accordance with the main SGS keys, technical issues,
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and policies determined through a literature review examination and expert opinion. The
survey involved 40 specialists; around half were academics and the other half were network
engineers and operators, considering policymakers, governmental representatives, and
electrical sector department administrators. The same group was included in the second
round to participate in September 2020 with higher participation of industry and engineers.

3.1. International Case Study Analysis

The Netherlands and India were chosen as case studies for several reasons. First and
foremost, both countries have been planning smart grid projects for the past few years.
In the Netherlands, both public and private sectors are collaborating on smart grid pilots.
The Dutch Government is also promoting smart grid products, such as smart meters, as
part of the EU Smart Grid Task Force. India is also actively working on its smart grid
prospects. The Government of India has created a Smart Grid Task Force Smart Grid Vision
for the country that intends to address national problems, such as low access to electricity,
reliability, and quality of supply, as well as include renewable energy in the energy mix [35].

In India and the developing world in general, electricity consumption is rapidly
increasing. In many developing nations, particularly in India, energy theft is a common
occurrence. This results in several issues for consumers as well as an adverse effect on the
supply system. The methods of energy theft change according to the utilities. Most of the
thefts in India use modifications of similar ideas, such as bypassing the meter, slowing
down the meter, and inverting the meter. This causes serious losses and problems for the
utilities as they have to generate and transmit more electricity, which not only affects its
cost. A developed country, like the Netherlands, is also facing its own set of challenges
in the energy and electricity sector. In response to new policies, governments are calling
for countries to cut CO2 and other greenhouse gases resulting from energy consumption.
As shown in Table 2, five major SGS challenges were identified and classified as strong,
medium, low, and nonexistent in both selected cases.

Table 2. The main smart grid implementation challenges facing both India and the Netherlands
arranged by strong to low challenges.

Consumers
Calibration Regulation Funding Market Needs Standards

India Strong Medium Strong Low
Netherlands Low Strong Medium Low

3.2. Abu Dhabi Case Study

UAE consists of seven emirates and has a total area of 83,600 square kilometers.
UAE’s largest city, Abu Dhabi, has a surface area of 67,340 km2. Second is Dubai, which
is considered to be the economic center. Despite being one of the highest oil and gas
producers worldwide, the UAE embarked on its journey to renewable energy in 2006 by
launching Masdar Initiative in Abu Dhabi in order to diversify its economy [27]. In the
past few decades, UAE has achieved a high level of development and prosperity, enlarging
its business activities across the board. A city-wide infrastructure of the highest level was
envisioned through the establishment of the Abu Dhabi Municipality and Town Planning
Department in 1962. After seven years, Abu Dhabi was appointed a municipal board that
provided the public with a wide array of services as well as guaranteed proper planning.
Road networks were reorganized, maintenance and sewage facilities were installed, utilities
were established for lighting, and the green city plan was introduced.

A high solar potential is present in the UAE, which receives more than ten hours of
sunlight every day. Approximately 350 sunny days are experienced each year as well.
There is a total of 6.5 kWh of solar energy received per square meter daily and 4–6 kWh
of direct solar radiation per square meter daily, depending on location and time of the
year. For 2016, 2020, and 2030, the total solar power capacity is shown in Table 3. The
calculations are based on projected values [36].
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Table 3. The total installed capacity of solar projects.

Total Installed Solar Power Capacity

2016 2020 2030

Solar PV power plants and rooftops 23 MW 2500 MW 5600 MW
Solar CSP power plant 100 MW 100 MW 100 MW

Total 123 MW 2600 MW 6600 MW

Among the United Arab Emirates (UAE), Abu Dhabi ranked first with a generation
capacity of 16,622 megawatts (MW) and a peak demand of 14,788 MW in 2017. Peak demand
increased at an average rate of 8.33% per year from 2007 to 2017, and the rise has been largely
attributed to Abu Dhabi’s growing economy and population. In Abu Dhabi, two companies
are responsible for electricity distribution and supply. These companies are the Abu Dhabi
Distribution Company (ADDC) and the Al Ain Distribution Company (AADC), both wholly
owned by ADPC (formerly ADWEA). They are responsible for owning, operating, and
maintaining the country’s water and electricity distribution networks and meter readings,
as well as for providing services related to water and electricity supply in their respective
regions. Al Ain and the surrounding rural areas are serviced primarily by AADC, which is
also the sole provider of water and electricity in the eastern region of the emirate [37].

General demand for SGS in the UAE, and especially in the Abu Dhabi region, is the
result of older assets and a lack of circuit capacity, which needs to be addressed in the
region through the replacement of older circuits and the planning of new circuits incor-
porating renewable energy sources. Similarly, constant current heat may limit the power
transfer capacity of traditional grid networks. Lastly, there are operational constraints to
consider, and the smart grid should contribute to reducing reserve power requirements
and maintaining stable power networks.

3.3. The Delphi Method

Participant responses are summarized by using the Delphi method. The integration of
a variety of viewpoints and responses with the goal of reducing differences and reaching
a realistic ideal compromise. Therefore, data is collected anonymously to constringe the
unrestrained opinions of participants. A variety of projects with varying sizes have used
a Delphi methodology to sum up the views of stakeholders and decision-makers about
energy usage for the future [38–40]. In general, not all of the energy expected scenarios are
addressed by the Delphi method. As the main point, at least one important advantage of
the Delphi method is that it provides a broad range of perspectives in a rapidly developing
field. However, Delphi is typically integrated with other methods in scenario structuring
and future energy strategies as in the complete project report case study. This approach
helps authors define key issues with significant gaps, explore them comprehensively, and
draw key guidelines to follow, such as a local Abu Dhabi case study.

4. Results and Discussion

The findings of this study illustrate the drivers and barriers that affect the smart grid
and the variables that should be addressed to enhance its functionality. The open-ended
responses were coded into an objective section using McLeod’s four-phase model. Each
category was then clarified by repeating this procedure four times (hanging on depending
on the question and the variability of the answer), and then they were ranked based on
their frequency.

As shown in Figure 8, energy efficiency and loss reduction were ranked as the top
driver with 32 percent. Approximately 20% of respondents indicated that saving is the
second most important driver of SGS. Additionally, participants’ answers mentioned
extending the assets’ lifetimes to reduce the cost would be a smarter approach than de-
veloping and reinforcing the network. Additionally, increasing energy efficiency would
reduce costs, improve the delivery of power, and maximize asset utilization. Fifteen percent
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of respondents identified active network management as the third significant driver of
SGS technology and functioning. Which deals with fault management, network flexibility,
reliability, controlling and improving technology, and the reduction of CO2 emissions. Ten
percent of respondents ranked renewable energy fourth.
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The SGS percentages for various obstacles are shown in Figure 9. Operational and
connectivity challenges were cited as the major obstacles to SGS implementation, at 30%.
These include prohibition, cost and capital, and the amount of capital required in a compar-
atively short period of time. The power system was also perceived as a drawback by 25%
of respondents who called SGS planning, application, settlement, and regulation complex.
Another obstacle was the stakeholder and customer risk that 15% of clients, both residential
and commercial, felt SGS would not be helpful. Others have shown that SGS technologies
are expensive to build, so the income of the business was not encouraging.
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Figure 9. Pitfalls of the smart grid system.

The Cronbach alpha, which measures internal consistencies in various factors and
respondents in the research, was applied on the collected data from the survey. It is obvious
from the results that in all the presented data sets, the p-value is an indicator of the internal
reliability of the data represented, and it remains within the acceptable range, as shown in
Table 4. It verifies that the collected data gained from the surveys was consistent through
all the correspondents and various factors tested during the research.
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Table 4. The range of p-value through the correspondents and various factors.

Survey Source of Variation p-Value

Smart grid system drivers
Respondents 0.704

Factors 1.94

Pitfalls of SGS
Respondents 0.714

Factors 3.477

Factors affect the implementation process of SGS
Respondents 0.725

Factors 1.51

4.1. Factors for SGS Development

The results of the study on the motivations for smart grid construction are summarized
in Table 5, along with the results of the rated survey surveys for the main factors that will
influence the development of smart grids.

Table 5. Summary of essential responses for the factors that influence SGS development.

Standards Data Protection/Security
Privacy Guarantees Regulation Customer Engagement Investment

Smart metering Public acceptability/trust Increase renewables
integration

Customer and public
education/awareness

Long-term
regulation/policy

certainty/objectives

Communication
protocols Market structure

Effective commercial
arrangements and

pricing

Customer willingness to
comply/share

data/shift demand

New modes of
financing/business

models

Technical issues Government intervention to
enforce changes

Transform
structure/operation Pricing New value delivery

mechanisms

Communications
Development of

demand/storage/EV/cooling
markets

Incentivize
cooperation and

alternative revenues

Network management Regulation to encourage energy
department participation

Condition and voltage
monitoring

Data handling

In addition to the most important challenge, standers accessibility, the top two themes
for this category are smart meters and communication protocols. The second issue spanned
the requirements at all levels of SGS, including substation communications. It is noteworthy
that these results (showing 66% of responses) suggest that smart meters have an exciting
future in the UAE. In addition to the most important challenge, standers accessibility, the top
two themes for this category are smart meters and communication protocols. The second
issue spanned the requirements at all levels of SGS, including substation communications.
It is noteworthy that these results (showing 66% of responses) suggest that smart meters
have an exciting future in the UAE. However, data security, protection, and privacy were
ranked as secondary concerns for the participants. The government will set the limits on the
size and nature of data that consumers can collect and control, as well as the accessibility to
these data.

Engagement of customers was the most cited comment in the category of education
and awareness, which included media influence, tariff responses, and the cost-price impact
on behaviors. Participating in demand change and understanding the advantages and
disadvantages of SGS were determined as the most important concerns of participants.
This indicates the importance of public participation in policymaking; seventy percent of
responses included these items.
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4.2. Abu Dhabi Smart Grid Challenges

Abu Dhabi has recently implemented renewable energy projects and smart grid opera-
tions such as the Shams 1 Solar Power Station Project. Customers would have to adjust
how they use and manage electricity as demand for breakthroughs in renewable energy
generation grows. With the new SGS technology, you can control the consumption of
electrical energy during peak and off-peak hours and the storage of stored energy against
external intrusions and leaks. Power generation, along with demand-side management,
influences and determines the power supply to customers. The facts and indicators pre-
sented provide the flexibility and adaptability to adapt current electricity markets and
power generation regulations to accommodate different market models with entirely new
offers and demands, and to combine new technologies to operate smartly. A grid that
shows what you need to consider.

By introducing green energy alternatives to the market, the government will be sup-
portive of any move toward eliminating fossil fuels entirely. As a result, market prices will
be lower, maintaining low electricity charges for users. Hence, boosting the participation of
private businesses in power production is a great barrier because of fair support in prices.
Taking away subsidies and improving the integration of green technology for smart grid
operations would result in the price of electricity rising. Renewable energy and smart grids
are heavily influenced by economic factors. Nonetheless, a high degree of transparency
is needed in order to correctly assess and assess the cost breakdown of power generation
using alternative technologies. The information and communication services would adopt
various smart grid technologies. These communication systems are certainly subject to
data stealing. The final stages of implementation can face many unexpected challenges
caused by consumer involvement that negatively impact the duration, cost, results, and
overall effectiveness of the smart grid system. When deploying a smart grid system, it is
important for consumers to share their thoughts and ideas. The main factors that affect the
implementation process of SGS are presented in Figure 10.
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Finally, we can clearly see from the results of our research compared to the international
case studies analyzed in Section 3.1 that Abu Dhabi needs to improve its regulations to
increase the demand and demand for SGS within the region, just as India does, as shown
in Table 2, whereas the Netherlands does not have this obligation. As with the Abu Dhabi
region, India and the Netherlands, both of which employed SGS several years ago, have
problems with investment and market need factors. Therefore, the government should
encourage the private sector to participate in the new wave of grid expansion. The Standers
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factor appears to be addressed and available in all of the studied cases, indicating that the
government is planning to renew and develop current conditions.

5. Conclusions

The management of electricity production, delivery, and consumption needs to be
optimized and well-organized using smart grid technologies. Developing and integrating
smart grid technologies and other additional services will make UAE a more advanced and
civilized nation. In addition, implementing smart grids and smart cities would contribute
to a green electricity supply as well as economic growth in the country. As an additional
challenge, there are some green energy businesses that require new agreements on electricity
management. Lastly, considering the significant investment that will be made in new energy
production projects and smart grid technology systems, the power sector is expected to
grow. Smart grid technologies, including smart meters and other facilities, help to build
a brighter future. Power generation monopolies, new legal agreements on buying and
selling electricity, and huge capital investments pose specific challenges. Over time, these
obstacles can be easily overcome. The opportunities offered by smart grid technology in the
UAE far outweigh the challenges. The growth of the energy sector cannot be immediately
exaggerated due to the huge investment in the establishment of new power plants and
smart grid technology projects.
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N.A.H.; writing—original draft preparation, A.D.S. and N.A.H.; writing—review and editing A.D.S.,
N.A.H. and M.H.; visualization, A.D.S., N.A.H. and M.H.; supervision, M.H.; project administration,
M.H.; funding acquisition, M.H. All authors have read and agreed to the published version of
the manuscript.
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