
[image: Image 1]

[image: Image 2]

[image: Image 3]

Journal of Industrial Intelligence

https://www.acadlore.com/journals/JII

Challenges and Opportunities in Implementing Smart Grid

Technologies in Kurdistan: A Comprehensive Review

Emad Hussen Sadiq1* , Yasir M.Y. Ameen2 , Harwan M. Taha1 , Nizar Jabar Faqishafyee3

1 Department of Energy Engineering, Duhok Polytechnic University, 42001 Duhok, Iraq 2 Department of Electrical Engineering, College of Engineering, University of Mosul, 41002 Mosul, Iraq 3 Department of Information Technology, Technical College of Informatics-Akre, Akre University for Applied Sciences, 42004 Akre, Iraq

* Correspondence: Emad Hussen Sadiq (emad.sadiq@dpu.edu.krd)

Received: 05-10-2024

Revised: 06-14-2024

Accepted: 06-22-2024

Citation: E. H. Sadiq, Y. M. Y. Ameen, H. M. Taha, and N. J. Faqishafyee, “Challenges and opportunities in implementing smart grid technologies in Kurdistan: A comprehensive review,”  J. Ind Intell. , vol. 2, no. 2, pp. 

94–105, 2024. https://doi.org/10.56578/jii020203. 

2024 by the author(s). Published by Acadlore Publishing Services Limited, Hong Kong. This article is available for free download and can be reused and cited, provided that the original published version is credited, under the CC BY 4.0 license. 

Abstract: The increasing demand for electricity, coupled with the limitations of centralised power generation, has necessitated the transition towards smart grid technologies as a critical evolution of traditional power systems. 

The smart grid represents a significant transformation from the conventional grid, offering a pathway towards modernising energy infrastructure. This review aims to present a comprehensive analysis of the advantages and challenges of smart grid implementation, particularly within the context of the Kurdistan Region of Iraq. Key benefits such as improved grid intelligence, enhanced reliability, and sustainability were highlighted. However, several challenges were identified, including cybersecurity risks, regulatory complexities, and issues of interoperability, which collectively pose obstacles to widespread adoption. Furthermore, the review examines the current energy network in the Kurdistan region and proposes a framework for integrating smart grid technologies. Strategies for addressing the identified challenges were discussed, emphasising the importance of overcoming these barriers to facilitate the region’s transition to a more advanced and efficient energy infrastructure. 
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In recent decades, large-capacity, long-distance power grids have been widely used to meet growing electricity demand [1, 2]. Due to the nature of the distributed energy which is fluctuating and intermittent and the continuous seeking for the high conditions of living, the electrical network has encountered several difficulties. Lack of management of particular power outages could lead to accidents and other serious consequences, finally leading to a big outage in the network. A smart grid provides an ultimate solution for long-term development of the electrical network system [3]. It is expected that the smart grid will transform the generation, transmission, and distribution of electricity by adopting two-way working of electrical energy and data transformation [4]. 

In addition, the smart grid is capable of improving the existing power grids through the integration of renewable energy sources such as solar and wind energy sources. These types of sources are more environmentally friendly compared to traditional sources of energy such as fossil fuels which are usually utilized in a large portion of the production of electricity. Moreover, these new units of generation can be compacted and small in size and can be located close to the load centers. For these reasons, the reliability of the system can be improved and the transmission power losses can be minimized, but this adds more complexity to the structure of the power system. 

The distributed generation units are small in size and located in different areas which are close to the centers of the loads, and they contribute to improving the reliability of the network. Despite increasing the flexibility and reliability of the existing network, it can lead to a more complicated system [5, 6]. 

In terms of functionality, the smart grid is classified into transmission and distribution systems. There is several equipment, such as generators, connecting with each other by high-voltage transmission lines. Therefore, a failure in a single component or generating unit will not have a big influence on the whole transmission system. On the other
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hand, any failure in a single component of the distribution system could have a huge negative impact on the function of the whole distribution system due to the radial scheme of the scheme. 

In this study, a comprehensive review of the recent published works was conducted. The main opportunities and challenges for implementing the smart grid were summarized. The background of smart grid and the motivations for the network operators for converting the conventional grid to smart grid were outlined in general and specifically for Kurdistan grid. The necessary comparison between the conventional and smart grids was studied. The required characteristics along with the architecture of the smart grid were addressed. At the end, the main benefits of the smart grid were mentioned as a part of the motivation factor for implementing the smart grid. 

2 Related Works

The research was explained chronologically, including research design and procedure. After conducting a thorough investigation into the most recent research related to the smart grid implementation, Table 1 was created, including a detailed survey of the studies conducted in this field. The table highlights the main benefits associated with the integration of intelligent power grids while also underscoring the notable challenges and concerns. 

Table 1. Opportunities and challenges of implementing the smart grid Reference

Opportunities for Smart Grid Implementation

Challenges for Smart Grid Implementation

Number

- Improving the reliability of the utility grid; 

- Strengthening the utility grid to accommodate

- Allowing for new developments and

more energy resources; 

improvements that are yet to be realized; 

- The offshore wind farms and winds require an

- Providing greater choice of supply and

effective connection to be developed; 

information to consumers, reducing electricity

- Marine technologies; 

prices paid by consumers; 

- Developing decentralized architectures; 

- Integrating renewable/nonconventional sources; 

[7–19]

- Developing a communication infrastructure; 

- Improving security and safety; 

- All consumers are able to play an active role

- Higher penetration of alternating power

in system operation; 

generation sources; 

- The best ways to be found to integrate

- The integration of electrical vehicles as

intermittent power generation. Resolving issues

generating and storing devices; 

related to techniques for producing enhanced

- Improving overall efficiency; 

intelligence; 

- Reducing environmental pollution; 

- Uncertainty introduced by renewable energy

- Increased grid capacity and efficiency; 

generation; 

- Improved reliability and power quality; 

- Increased need for reserves due to part-loaded

- Reduced carbon footprint and increased

thermal units; 

sustainability; 

- Dramatic loss of comfort for users in response

[20–28]

- Integration of renewable energy sources; 

to price changes; 

- Implementation of price-based incentives and

- Potential creation of even higher peaks in

two-way communication; 

demand; 

- Use of real-time pricing to eliminate cross-

- Requirement for very accurate representation

subsidies between users; 

of system model for efficient operation; 

- Environment protection; 

- Severe security gaps; 

- Reliability increasing, improving service quality

- The variety and complexity of

[25, 29–41]

and better utilisation of current networks and

communications in smart grids; 

renewable sources. Additionally, it offers better

- Different subsystems generate large data and

energy management and improved reliability; 

impose a great implementation challenge; 

- Smart grids are seen as a solution for a wide

- Lack of a shared vision and common

range of social challenges; 

definition for smart grids; 

- High expectations have been expressed when

- The struggle is more about individual

[42–52]

implementing smart grid technologies to match

organizations’ interests than a wider

renewable energy; 

governmental or public debate about the

- Emerging actors, such as aggregators and ICT

purpose and organization of smart grids. 

companies. 
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3 Background and Motivations

The technology of smart grid has transformed the power system in developed regions, particularly Europe and the United States, to ensure eco-friendly operation. The use of renewable resources for distributed generation and the implementation of energy conservation initiatives for long-term ecological sustainability are the main factors behind this shift [53, 54]. As a result, the developing and underdeveloped nations are confronting energy difficulties and are unable to efficiently exploit their internal energy resources for maintainable economic development. Therefore, it is essential for these countries to embrace modern technologies that align with the nature of their electric networks. A variety of approaches make the smart grid a comprehensive one. Therefore, it is essential to assess the feasibility for the implementation of the smart grid in the Kurdistan region electric network. 

A clear path can be established once baseline studies identify the key requirements and their expected outcomes, which provides procedure guidance and organizing milestones in line with the desired future outcomes. The expected advantages of the smart grid were explained based on the international standards. 

The electrical power system in the Kurdistan region has encountered several issues. The high cost of power generation, power losses and the recent controlling and monitoring system are some obstacles to the current grid. 

There is a significant increase in energy demand due to the rapid urbanization and fast growth of population. 

Moreover, in terms of reliability and power supply quality, the poor conditions of the existing network lead to the fact that the power supply is unable to reach the demand. The demand load is always higher than the supplied load. 

For these reasons, a more reliable and flexible power system is required in order to supply power to the industrial, residential and commercial sectors. Due to the mentioned reasons and economic reasons, there is a huge energy crisis in the region. 

However, the Kurdistan region of Iraq is blessed to have a huge quantity of natural resources, such as natural gas and renewable energy sources, despite the mentioned obstacles. As a developing country, the region faces several obstacles in fully implementing smart energy policies. Some of the major constraints include a lack of start-up capital for building government-level renewable distributed power plants, a lack of financing options for consumers to build their own distributed electricity generation systems, inadequate infrastructure for transporting energy over long distances, energy theft problems, and circular debt in the electricity department, and a lack of public awareness about the economic benefits of these policies. 

Implementing smart grid in the Kurdistan region will assist the ministry of electricity to overcome many issues such as power losses, grid reliability, and operation cost, thereby meeting the increasing demand. Regarding the reduction in power losses, the contribution of distributed generation will have a positive impact on loss minimization and voltage profile improvement. Although implementing this project requires a high initial cost, this cost will be paid off in the long term as the losses will decrease significantly along with the operational cost. In addition to a reduction of technical power losses, the non-technical losses will be reduced to a minimum level by using highly accurate digital energy meters and the monitoring system. As a result, the reliability of the system will be improved and the customers will be subject to less interruption of power supply. 

3.1 Energy Status of Duhok in Kurdistan

The total energy demand in Duhok city areas is very high because of the significant increase in the number of consumers. The number of consumers has increased from 72,000 in 1999 to 385,000 in 2021. In addition to the rapid increase in the population, the majority of consumers use electricity for heating and other purposes, which also causes the rapid rise of electricity demand. Figure 1 shows the increase in the number of consumers. 

Figure 1. An increase in the number of consumers in Duhok in Kurdistan The current grid’s reliability is being challenged by numerous elements, including the congestion of the grid, larger energy transfers over longer distances, aging infrastructure, insufficient investment in maintenance, rising consumption of electrical energy, peak power demand, and the growing utilization of distributed resources. The 96
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growth of nations is affected by power shortages. The conventional power system is less effective due to a lack of investment in technological advancements and infrastructure enhancements, as well as the continued adoption of traditional methods of operation and upkeep. 

The significant environmental impacts of the conventional power system are attributed to the substantial release of greenhouse gases from fossil fuels. Greenhouse gas emissions can be significantly reduced by combining sustainable energy sources and distributed generation. To achieve this integration, it is necessary to monitor and exert greater control over the existing networks. This requires the installation of technological systems for transferring information and communication. The smart grid may take some time to integrate multiple services into the existing electrical networks [53–57]. The block diagram for the grid of the Kurdistan region is shown in Figure 2. 

Figure 2. Block diagram for the grid in Kurdistan [58]

The services and developments of the Kurdistan electricity sector are almost entirely dependent on the government budget allocations. There is an excessive gap between costs and revenues in the electricity sector, which becomes a heavy burden for the government budget. In addition, there is a high amount of losses in the existing system, mostly non-technical losses. Low tariffs and no energy conservation measures exist. This contributes towards uncontrolled demand growth as well as a shortage of capital investments to procure additional generation capacity and to upgrade transmission and distribution networks to meet existing and future demands. On the other hand, the risks associated with the constraints on capital investments include deterioration of existing electricity infrastructure services and inability to cope with future demand growth. Under these circumstances, the electricity sector should prioritize the following actions:

• Making the Kurdistan electricity sector independent and self-reliant. 

• Bridging the gap between costs and revenues. 

• Reducing losses. 

• Contorting the growth in electricity demand. 

• Attracting the private sector to make investments in the electricity sector. 

• Restructuring and reforming the electricity sector. 

The above-mentioned requirements can be satisfied by converting the current grid to the smart grid. 

4 Smart and Conventional Grids

A comparison between the conventional and smart grids is presented in Table 2. 
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Table 2. Comparison of conventional and smart grids [55, 59]

Conventional Grid

Smart Grid

One-directional communication

Two-directional communication

Electro-mechanical

Digital

Centralized generation

Distributed generation

A few sensors

A lot of sensors

Less automatic monitoring

Full automatic monitoring

Less automatic restoration

Full automatic restoration or self-healing

Difficult to adapt in case of failures

Easy to be adaptive, and only the faulted

and shutdowns

area is disconnected

Limited control

Universal control

Consumers have few choices

Consumers have a variety of choices

Hierarchical structure

Network structure

Network feedback is less

Network feedback is available

Only the faulted section is filtered

A big portion interrupts in case of outages

and islanded

Restriction control on network

Comprehensive control on network

Limited services are available for consumers

Different services are available for

and subscriptions

consumers and subscriptions

Network configuration is radial

Network configuration is dispersed

The response during emergencies is slow

The response during emergencies is fast

The volume of available data is small

The volume of available data is big

5 Required Characteristics for the Smart Grid

A smart grid is a sophisticated electric system that effectively coordinates the activities of all connected users, i.e., generators, consumers, and those who do both, in order to provide eco-friendly, economical, and reliable power. 

The advantages of a smart grid are listed as follows [60–63]:

• Smart grid technologies are more cost-effective compared to traditional energy sources. Moreover, as technology advances, energy costs decrease over time. 

• The manufacturing, installation, maintenance, and operation of smart grid components create job opportunities for both skilled and unskilled workers. Additionally, it promotes corporate growth and offers innovative technical solutions. 

• Enhanced dependability and reduced expenses can increase customer satisfaction. Furthermore, smart grid empowers customers with greater control over energy distribution and consumption. 

• Smart grid reduces power outages and improves power efficiency. 

• As the utilization of electric vehicles (EVs) and alternative renewable energy sources is possible with the smart grid, the implementation of the smart grid can have a positive environmental impact by decreasing greenhouse gas emissions. Moreover, the oil consumption can be significantly decreased by utilizing high-efficient power generation. 

• Smart grids enhance the capacity and capabilities of the existing power grid. They also incorporate self-healing and predictive maintenance features. 

6 Architecture of the Smart Grid

The structure and design of a smart grid refer to the architecture of the electricity system, including the various components and technologies used in the generation, transmission, distribution and consumption of electricity. For the sake of improving the efficiency of the power system, increasing reliability and lowering costs, the structure of the smart grid needs to be well designed. The following components are the main parts of the smart grid network [64–68]:

• Generation: The smart grid consists of all types of power generation, including traditional power plants, distributed generation and renewable energy sources. 

• Transmission: The transmission system includes all high-voltage lines and power substations, which are used to transfer power from the generation power plants to the consumption points. 

• Distribution: This system includes all the low-voltage lines and transformers, which are used to distribute the electricity to the consumers. 

• Metering and monitoring: This part of the system includes the adaption of smart meters as well as other technologies in order to monitor and control the energy consumption. 

• Energy management: This portion of the smart grid consists of the systems and software, which are used to manage the energy system, such as programs of load management and dynamic pricing systems. 
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• Customer engagement: This includes engagement and education of the consumers in order to deal with the technologies through programs of energy saving and consumer portals. 

• Data analytics: This part is achieved to study and analyze the large amount of the generated data using advanced analytical systems. 

Figure 3 shows the architecture of the smart grid. 

Figure 3. Architecture of the smart grid [55]

The key features of the smart grid are demonstrated in Figure 4. 

Figure 4. Features of the smart grid

7 Benefits of the Smart Grid

Smart grid implementation in Kurdistan will bring about numerous benefits, as previously mentioned. One common issue faced is the exceeding of the maximum generation limit by the total load demand, resulting in planned load shedding. However, utility engineers and experts suggest that this demand deficiency can be addressed in urban areas through peak load shaving and efficient utilization of the existing power supply. The advantages of implementing the smart grid for Kurdistan are as follows [69–74]:

• Environmental benefits: A smart grid can contribute to saving thousands of lives, particularly those who prioritize human well-being. Additionally, it can help alleviate the negative impact of polluted air on asthma and lung diseases, especially among vulnerable groups such as children and the elderly. 

• Lower utility bills with user-friendly tools: Smart meters provide consumers with valuable information on their energy usage and prices through simple online displays. By utilizing set-and-forget home energy management tools, consumers have the ability to make choices to reduce their bills and minimize their environmental impact. 

• Growth of economy and employment: There has been rapid expansion of the clean energy industry and the attraction of investment from different foundations. These investments are concentrated mainly on domestic 99

companies and projects in solar energy, wind energy, energy efficiency, smart grids and EVs, leading to the growth of the economy and employment. 

• Reliability improvement and outage reduction: In the presence of a smart grid which includes sensors and communication systems, the issues can be identified and cleared prior to their occurrence. In case of the power outage, it can be restored quickly, which allows the consumers to use uninterrupted power supply so that they don’t feel the outage power impact. 

• A large amount of clean and renewable energy can be used with the presence of the smart grid, which reduces the dependence of dirty energy sources such as fossil fuels. This technology not only decreases the need for using fossil fuels but also reduces the negative impact of using energy on the environment. Moreover, implementing a smart grid can reduce air pollution. In addition, the smart grid simplifies the transition to clean EVs by enabling smart charging during the night, while wind energy is available and cost-effective. This method mitigates effectively another main source of harmful air pollution. 

8 Challenges for Implementing the Smart Grid

The implementation of the smart grid encounters several challenges, such as the huge investment costs, the privacy and cybersecurity challenges, and the operation complexity. 

8.1 Investment Costs

a) Infrastructure of communications and smart meters

It requires huge investments to build the infrastructure for the smart grid in terms of communication systems and digital smart meters. All the existing energy meters need to be replaced with smart meters and the smart meters need to be installed for all distribution transformers and feeders. The smart grid is two-way, which means that the data and the complete feedback from the consumers need to be sent to the control center, and that a communication system needs to be built, which leads to more costs to build the smart grid system. 

b) Grid protection

The conventional protection system for the power network is centralized and needs to be upgraded to ensure proper operation of the protection devices. More switches and other protection devices need to be added to the system and proper settings need to be applied. 

c) Storage systems

Converting the conventional grid to a smart one includes penetration of renewable energy into the network, which increases the complexity of the grid and brings new challenges. These include momentary interruptions in the energy supply caused by factors such as cloud cover reducing solar power generation or fluctuations in wind speed. Additionally, continuous fluctuations in demand occur, influenced by the time of day and seasonal variations. 

Therefore, the stored energy is needed in order to cover the momentary lack of power supply. The energy storage adds extra costs to the total cost of the smart grid [75, 76]. 

8.2 Data Management

Converting the network from the traditional grid to a smart one adds more complexity to the system as a good smart grid consists of several renewable sources. The infrastructure of the grid becomes more critical and susceptible to faults once converted to smart grid. It collects data every 2-5 seconds, whereas advanced metering infrastructure (AMI) systems collect data every 1-15 minutes [77, 78]. 

a) Standards and interoperability; 

b) Massive data [79, 80]. 

8.3 Stability and Decreased Flexibility

The primary operational challenge faced by the smart grid is ensuring grid stability. The role of synchronous generators in ensuring power system stability has always been crucial. The generators contribute to the grid by supplying inertia, droop control, and reactive power compensation. The increase in the proportion of renewable energy in power generation leads to a decrease in the dependence on synchronous machines, creating new stability issues for the power grid. 

The network operator should assess and predict the grid stability under different operating conditions. One of the factors in evaluating the performance and effectiveness of the smart grid is its ability to keep the system stable. 

Various kinds of stability aspects are as follows [81]:

• Frequency stability: It is the capability of the system to keep the frequency within the acceptable and standard limit, which is 50 Hz or 60 Hz, depending on the system frequency after subjecting to abnormal conditions. 

• Voltage stability: It is the system’s ability to maintain its voltage within the permissible and predefined limit after being subjected to a disturbance. 
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• Dynamic stability: This represents the ability of the network to keep or recover after being subjected to disturbances that lasts for long periods of time. 

Table 3 illustrates the common obstacles of the smart grid and the methods for overcoming these obstacles. 

Table 3. Challenges for smart grid implementation in Kurdistan and other developing countries Challenge

Other Developing

Kurdistan Region

Overcoming Strategies

Categories

Countries

- Replacement of

- Smart technologies are

existing infrastructure; 

- Three challenges are

available; 

Infrastructure

- Need for high speed

applicable for Kurdistan; 

- Funding requirement to

Internet; 

guarantee; 

- Limit funding; 

- The Kurdistan grid is in

the process of implementing

- Technological companies

- The existing power

the smart grid. Most

are developing measures

system is outdated and

Security and

existing energy meters have

to overcome the threats

vulnerable to the threats

hackers

been replaced by high-

and protect the system

of hackers and

quality smart meters; 

from hackers and

cyberthreat terror; 

- The system is subjected to

cybercriminals; 

the threats of hackers; 

- Cameras on streets and

- Usually there is a

highways could help to

violation of privacy; 

prevent the violation; 

- This case is applicable for

Privacy concerns

- Large volume of

- Increasing the

the Kurdistan region; 

evidence collected about

transparency; 

each device; 

- Active role for local

authorities is required; 

Maintaining citizens be

- Education and

Engagement and

aware and up-to-date by

engagement of citizens

- This case is essential for

education of the

- Meeting with them; 

to benefit from the

Kurdistan. 

community

- Guiding them by emails; 

system. 

- Educational web portal. 

9 Conclusions

This study outlines the major challenges and opportunities for establishing a smart grid and illustrates the main differences between the smart grid and a conventional one. According to the review conducted, a significant investment is required to build the infrastructure of the network system and complete the ongoing advanced metering system, thereby supporting the technology of the smart grid application. Converting the conventional grid to a smart one requires establishing clear and applicable regulations. In addition, the threats of cybersecurity need to be clearly addressed. The required funding needs to be guaranteed for establishing the smart grid. It has been shown that there is a serious issue for the Kurdistan grid. The entire system is under the threat of deterioration and correct measurements need to be conducted. The power loss percentage is high. In addition, there is a large gap between the costs of generation, transmission and distribution of electricity and the related incomes. This adds extra loads to the budget of the local government. Therefore, it is essential to take actions in order to stabilize the network, reduce the losses and minimize the costs of the electricity. It has been demonstrated that implementing the smart grid can mitigate several issues, such as reduction of power losses and minimization of the power outages. 

Data Availability

Not applicable. 

Conflicts of Interest

The authors declare no conflict of interest. 

References

[1] D. Fan, Y. Ren, Q. Feng, Y. Liu, Z. Wang, and J. Lin, “Restoration of smart grids: Current status, challenges, and opportunities,”  Renew. Sustain. Energy Rev. , vol. 143, p. 110909, 2021. https://doi.org/10.1016/j.rser.202

1.110909

101

[2] G. G. Dranka and P. Ferreira, “Towards a smart grid power system in Brazil: Challenges and opportunities,” 

 Energy Policy, vol. 136, p. 111033, 2020. https://doi.org/10.1016/j.enpol.2019.111033

[3] A. Bari, J. Jiang, W. Saad, and A. Jaekel, “Challenges in the smart grid applications: An overview,”  Int. J. 

 Distrib. Sens. Networks, vol. 10, no. 2, p. 974682, 2014. https://doi.org/10.1155/2014/974682

[4] W. Wang, Y. Xu, and M. Khanna, “A survey on the communication architectures in smart grid,”  Comput. 

 Networks, vol. 55, no. 15, pp. 3604–3629, 2011. https://doi.org/10.1016/j.comnet.2011.07.010

[5] E. H. Sadiq, R. K. Antar, and S. T. Ahmed, “Power losses evaluation in low voltage distribution network: A case study of 250 kVA, 11/0.416 kV substation,”  Indones. J. Electr. Eng. Comput. Sci. , vol. 25, no. 1, pp. 35–41, 2022. https://doi.org/10.11591/ijeecs.v25.i1.pp35-41

[6] M. L. Tuballa and M. L. Abundo, “A review of the development of smart grid technologies,”  Renew. Sustain. 

 Energy Rev. , vol. 59, pp. 710–725, 2016. https://doi.org/10.1016/j.rser.2016.01.011

[7] S. K. Dalai and S. S. Pradhan, “Obejectives of smart grid implementation: Its challenges and issues,”  Dogo Rangsang Res. J. , vol. 8, no. 14, pp. 1129–1141, 2021. 

[8] G. Dileep, “A survey on smart grid technologies and applications,”  Renew. Energy, vol. 146, pp. 2589–2625, 2020. https://doi.org/10.1016/j.renene.2019.08.092

[9] R. Kappagantu and S. A. Daniel, “Challenges and issues of smart grid implementation: A case of Indian scenario,”  J. Electr. Syst. Inf. Technol. , vol. 5, no. 3, pp. 453–467, 2018. https://doi.org/10.1016/j.jesit.2018.0

1.002

[10] O. Ceaki, G. Seritan, R. Vatu, and M. Mancasi, “Analysis of power quality improvement in smart grids,” in  2017

 10th International Symposium on Advanced Topics in Electrical Engineering (ATEE), Bucharest, Romania, 2017, pp. 797–801. https://doi.org/10.1109/atee.2017.7905104

[11] M. Moretti, S. N. Djomo, H. Azadi, K. May, K. De Vos, S. Van Passel, and N. Witters, “A systematic review of environmental and economic impacts of smart grids,”  Renew. Sustain. Energy Rev. , vol. 68, pp. 888–898, 2017. https://doi.org/10.1016/j.rser.2016.03.039

[12] A. A. Abdullah and T. M. Hassan, “Smart grid (SG) properties and challenges: An overview,”  Discov. Energy, vol. 2, no. 1, 2022. https://doi.org/10.1007/s43937-022-00013-x

[13] L. Zaglago, F. K. Dzokoto, and L. Ankrah, “Challenges to smart grid technology,”  Lect. Notes Eng. Comput. 

 Sci. , vol. 2242, pp. 175–180, 2021. 

[14] S. R. Salkuti, “Challenges, issues and opportunities for the development of smart grid,”  Int. J. Electr. Comput. 

 Eng. , vol. 10, no. 2, pp. 1179–1186, 2020. https://doi.org/10.11591/ijece.v10i2.pp1179-1186

[15] S. Bera, S. Misra, and J. J. P. C. Rodrigues, “Cloud computing applications for smart grid: A survey,”  IEEE

 Trans. Parallel Distrib. Syst. , vol. 26, no. 5, pp. 1477–1494, 2015. https://doi.org/10.1109/tpds.2014.2321378

[16] L. Gelazanskas and K. A. A. Gamage, “Demand side management in smart grid: A review and proposals for future direction,”  Sustain. Cities Soc. , vol. 11, pp. 22–30, 2014. https://doi.org/10.1016/j.scs.2013.11.001

[17] K. A. Khan, M. M. Quamar, F. H. Al-Qahtani, M. Asif, M. Alqahtani, and M. Khalid, “Smart grid infrastructure and renewable energy deployment: A conceptual review of Saudi Arabia,”  Energy Strateg. Rev. , vol. 50, p. 

101247, 2023. https://doi.org/10.1016/j.esr.2023.101247

[18] B. Li and Y. Ge, “Improving power quality by smart load,”  Energy Procedia, vol. 17, pp. 813–817, 2012. 

https://doi.org/10.1016/j.egypro.2012.02.174

[19] M. Karthikeyan, S. Karthick, N. Kannan, N. Mohananthini, G. Jeevitha, and S. Saravanan, “Literature survey on smart grid technologies,”  Int. J. Eng. Technol. Res. Manage. , vol. 4, no. 12, pp. 109–117, 2020. 

[20] S. H. E. A. Aleem, A. Y. Abdelaziz, A. F. Zobaa, and R. Bansal,  Decision Making Applications in Modern Power System. 

Academic Press, 2020. 

[21] O. S. Neffati, S. Sengan, K. D. Thangavelu, S. D. Kumar, R. Setiawan, M. Elangovan, D. Mani, and P. Velayutham, “Migrating from traditional grid to smart grid in smart cities promoted in developing country,” 

 Sustain. Energy Technol. Assessments, vol. 45, p. 101125, 2021. https://doi.org/10.1016/j.seta.2021.101125

[22] Q. Sun, X. Ge, L. Liu, X. Xu, Y. Zhang, R. Niu, and Y. Zeng, “Review of smart grid comprehensive assessment systems,”  Energy Procedia, vol. 12, pp. 219–229, 2011. https://doi.org/10.1016/j.egypro.2011.10.031

[23] L. Ardito, G. Procaccianti, G. Menga, and M. Morisio, “Smart grid technologies in Europe: An overview,” 

 Energies, vol. 6, no. 1, pp. 251–281, 2013. https://doi.org/10.3390/en6010251

[24] V. C. Gungor, D. Sahin, T. Kocak, S. Ergut, C. Buccella, C. Cecati, and G. P. Hancke, “Smart grid technologies: Communication technologies and standards,”  IEEE Trans. Ind. Inf. , vol. 7, no. 4, pp. 529–539, 2011. https:

//doi.org/10.1109/tii.2011.2166794

[25] S. K. Gupta, “Smart grid system in India,”  Indian J. Energy Energy Resour, vol. 1, no. 4, pp. 5–6, 2022. 

[26] M. S. Hossain, N. A. Madlool, N. A. Rahim, J. Selvaraj, A. K. Pandey, and A. F. Khan, “Role of smart grid in renewable energy: An overview,”  Renew. Sustain. Energy Rev. , vol. 60, pp. 1168–1184, 2016. https:

102

//doi.org/10.1016/j.rser.2015.09.098

[27] K. Panwar, G. Kumar, and A. Semwal, “Role of smart grid connection in renewable energy sources,”  Int. J. 

 Food Nutr. Sci. , vol. 11, no. 11, pp. 481–485, 2022. 

[28] E. H. Sadiq, L. A. Mohammed, and H. M. Taha, “Enhancing power transmission efficiency using static synchronous series compensators: A comprehensive review,”  J. Intell. Syst. Control, vol. 3, no. 2, pp. 71–83, 2024. https://doi.org/10.56578/jisc030201

[29] S. Chakrabarti, “Smart Grid: Concepts and Deployment.” https://iitk.ac.in/doms/anoops/for 15/photos/PPTs/

Day-2%20IITK/Smart%20Grid%20Concept%20&%20Deployment-%20Dr.%20Saikat%20Chakrabarty.pdf

[30] B. A. Hamilton, J. Miller, and B. Renz, “Understanding the benefits of the smart grid,”  Strategy, vol. 43, no. 9B, pp. 6793–6798, 2010. 

[31] F. Rohde and S. Hielscher, “Smart grids and institutional change: Emerging contestations between organisations over smart energy transitions,”  Energy Res. Soc. Sci. , vol. 74, p. 101974, 2021. https://doi.org/10.1016/j.erss.2

021.101974

[32] A. Nigam, I. Kaur, and K. K. Sharma, “Smart grid technology: A review,”  Int. J. Recent Technol. Eng. , vol. 7, no. 6s4, pp. 243–247, 2019. 

[33] M. E. El-hawary, “The smart grid—State-of-the-art and future trends,”  Electr. Power Components Syst. , vol. 42, no. 3-4, pp. 239–250, 2014. https://doi.org/10.1080/15325008.2013.868558

[34] S. Abbas, Z. Ali, A. Mahmood, S. Haider, A. Kousar, S. Razzaq, T. Hassan, and C. Su, “Review of smart grid and nascent energy policies: Pakistan as a case study,”  Energies, vol. 15, no. 19, p. 7044, 2022. https:

//doi.org/10.3390/en15197044

[35] L. Chhaya, P. Sharma, G. Bhagwatikar, and A. Kumar, “Wireless sensor network based smart grid communications: Cyber attacks, intrusion detection system and topology control,”  Electronics, vol. 6, no. 1, p. 5, 2017. https://doi.org/10.3390/electronics6010005

[36] C. W. Gellings and M. Samotyj, “Smart grid as advanced technology enabler of demand response,”  Energ. 

 Effic. , vol. 6, no. 4, pp. 685–694, 2013. https://doi.org/10.1007/s12053-013-9203-0

[37] A. Hirsch, Y. Parag, and J. Guerrero, “Microgrids: A review of technologies, key drivers, and outstanding issues,”  Renew. Sustain. Energy Rev. , vol. 90, pp. 402–411, 2018. https://doi.org/10.1016/j.rser.2018.03.040

[38] M. A. Raza, M. M. Aman, A. G. Abro, M. A. Tunio, K. L. Khatri, and M. Shahid, “Challenges and potentials of implementing a smart grid for Pakistan’s electric network,”  Energy Strateg. Rev. , vol. 43, p. 100941, 2022. 

https://doi.org/10.1016/j.esr.2022.100941

[39] R. Yadav, K. Sharma, and D. Chauhan, “Present scenario and technical review of smart grid in India,”  Int. J. 

 Trend Sci. Res. Dev. , vol. 2, no. 3, pp. 998–1004, 2018. https://doi.org/10.31142/ijtsrd11189

[40] J. Zhou, L. He, C. Li, Y. Cao, X. Liu, and Y. Geng, “What’s the difference between traditional power grid and smart grid?–From dispatching perspective,” in  2013 IEEE PES Asia-Pacific Power and Energy Engineering Conference (APPEEC), Hong Kong, China, 2013, pp. 1–6. https://doi.org/10.1109/appeec.2013.6837107

[41] T. Zhang, “Research on optimal dispatching model of clean energy generation grid-connected low-carbon power system based on system dynamics,”  Int. J. Smart Grid Clean Energy, vol. 2020, pp. 901–907, 2020. 

https://doi.org/10.12720/sgce.9.5.901-907

[42] A. Al-Badi, R. Ahshan, N. Hosseinzadeh, R. Ghorbani, and E. Hossain, “Survey of smart grid concepts and technological demonstrations worldwide emphasizing on the Oman perspective,”  Appl. Syst. Innov. , vol. 3, no. 1, pp. 1–27, 2020. https://doi.org/10.3390/asi3010005

[43] H. A. Muqeet, R. Liaqat, M. Jamil, and A. A. Khan, “A state-of-the-art review of smart energy systems and their management in a smart grid environment,”  Energies, vol. 16, no. 1, p. 472, 2023. https://doi.org/10.339

0/en16010472

[44] R. R. Mohassel, A. Fung, F. Mohammadi, and K. Raahemifar, “A survey on advanced metering infrastructure,” 

 Int. J. Electr. Power Energy Syst. , vol. 63, pp. 473–484, 2014. https://doi.org/10.1016/j.ijepes.2014.06.025

[45] H. Farhangi, “The path of the smart grid,”  IEEE Power and Energy Mag. , vol. 8, no. 1, pp. 18–28, 2010. 

https://doi.org/10.1109/mpe.2009.934876

[46] D. C. Matisoff, R. Beppler, G. Chan, and S. Carley, “A review of barriers in implementing dynamic electricity pricing to achieve cost-causality,”  Environ. Res. Lett. , vol. 15, no. 9, 2020. https://doi.org/10.1088/1748-9326/

ab9a69

[47] A. Kasdekar, A. D. Maidankar, P. Shegokar, and P. M. Mankar, “Smart grid concepts and comparison with traditional grid,”  Int. J. Innov. Res. Sci. Eng. Technol. , vol. 10, no. 6, 2021. https://doi.org/10.15680/IJIRSET

.2021.1006039

[48] I. A. Kapitonov and A. Patapas, “Principles regulation of electricity tariffs for the integrated generation of traditional and alternative energy sources,”  Renew. Sustain. Energy Rev. , vol. 146, p. 111183, 2021. https:

103

//doi.org/10.1016/j.rser.2021.111183

[49] S. Ali, T. N. Malik, and A. Raza, “Risk-averse home energy management system,”  IEEE Access, vol. 8, pp. 

91 779–91 798, 2020. https://doi.org/10.1109/access.2020.2994462

[50] T. Vijayapriya and D. P. Kothari, “Smart grid: An overview,”  Smart Grid Renew. Energy, vol. 2, no. 4, pp. 

305–311, 2011. https://doi.org/10.4236/sgre.2011.24035

[51] M. N. O. Sadiku and S. M. Musa, “Smart grid-An introduction,”  Int. J. Electr. Eng. Technol. , vol. 7, no. 1, pp. 

45–49, 2016. 

[52] E. H. Sadiq, S. Ashraf, Z. Aslam, and D. Muhammad, “Fuzzy based multi-line power outage control system,” 

 J. Crit. Rev. , vol. 8, no. 2, 2021. 

[53] B. Khan, H. Getachew, and H. H. Alhelou, “Components of the smart-grid system,” in  Solving Urban Infrastructure Problems Using Smart City Technologies. 

Elsevier, 2021, pp. 385–397. https://doi.org/10

.1016/b978-0-12-816816-5.00017-6

[54] Y. Cunjiang, Z. Huaxun, and Z. Lei, “Architecture design for smart grid,”  Energy Procedia, vol. 17, pp. 

1524–1528, 2012. https://doi.org/10.1016/j.egypro.2012.02.276

[55] R. Deng, Z. Yang, M. Chow, and J. Chen, “A survey on demand response in smart grids: Mathematical models and approaches,”  IEEE Trans. Ind. Inf. , vol. 11, no. 3, pp. 570–582, 2015. https://doi.org/10.1109/tii.2015.241

4719

[56] Y. Kabalci, “A survey on smart metering and smart grid communication,”  Renew. Sustain. Energy Rev. , vol. 57, pp. 302–318, 2016. https://doi.org/10.1016/j.rser.2015.12.114

[57] M. H. F. Wen, K. C. Leung, V. O. K. Li, X. He, and C. C. J. Kuo, “A survey on smart grid communication system,”  APSIPA Trans. Signal Inf. Process. , vol. 4, no. 1, 2015. https://doi.org/10.1017/atsip.2015.9

[58] Kurdistan Regional Government, “Monthly Report-Kurdistan Grid,” 2024. 

[59] F. Nayan, M. A. Islam, and S. Mahmud, “Feasibility study of smart grid in Bangladesh,”  Energy Power Eng. , vol. 5, no. 4, pp. 1531–1535, 2013. https://doi.org/10.4236/epe.2013.54b290

[60] S. Dhara, A. K. Shrivastav, and P. K. Sadhu, “Smart grid modernization: Opportunities and challenges,” in Electric Grid Modernization. 

IntechOpen, 2022, pp. 1–30. https://doi.org/10.5772/intechopen.97892

[61] T. Jamal, W. Ongsakul, M. S. Lipu, M. M. Howlader, and A. U. N. I. Saif, “Development of smart grid in Bangladesh: Challenges and opportunities,” in  Proceedings of the 5th IASTED Asian Conference on Power and Energy Systems, Phuket, Thailand, 2012, pp. 275–282. https://doi.org/10.2316/p.2012.768-047

[62] S. Rekha, “Role of smart grid in power sector and challenges for its implementation: A review on Indian scenario,”  J. Renew. Energy Smart Grid Technol. , vol. 14, no. 1, 2019. 

[63] G. Rahman, M. F. Bin, R. Chowdhury, A. Al Mamun, R. Hasan, and S. Mahfuz, “Summary of smart grid : Benefits and issues,”  Int. J. Sci. Eng. Res. , vol. 4, no. 3, pp. 1–7, 2013. 

[64] K. Ahmad, M. Maabreh, M. Ghaly, K. Khan, J. Qadir, and A. Al-Fuqaha, “Developing future human-centered smart cities: Critical analysis of smart city security, interpretability, and ethical challenges,”  arXiv, p. 

arXiv:2012.09110, 2020. 

[65] G. Fotis, C. Dikeakos, E. Zafeiropoulos, S. Pappas, and V. Vita, “Scalability and replicability for smart grid innovation projects and the improvement of renewable energy sources exploitation: The FLEXITRANSTORE

case,”  Energies, vol. 15, no. 13, p. 4519, 2022. https://doi.org/10.3390/en15134519

[66] V. O. Nyangaresi, Z. A. Abduljabbar, K. A. Mutlaq, J. Ma, G. Dhafer Honi, J. Y. Abdulla Aldarwish, and I. Q. Abduljaleel, “Energy efficient dynamic symmetric key based protocol for secure traffic exchanges in smart homes,”  Appl. Sci. , vol. 12, no. 24, pp. 1–21, 2022. https://doi.org/10.3390/app122412688

[67] R. A. Jabr and I. Dzafic, “Distribution management systems for smart grid: Architecture, work flows, and interoperability,”  J. Mod. Power Syst. Clean Energy, vol. 10, no. 2, pp. 300–308, 2022. https://doi.org/10.358

33/mpce.2021.000542

[68] Z. Rasheed, S. Ashraf, N. A. Ibupoto, P. K. Butt, and E. H. Sadiq, “SDS: Scrumptious dataflow strategy for IoT devices in heterogeneous network environment,”  Smart Cities, vol. 5, no. 3, pp. 1115–1128, 2022. 

https://doi.org/10.3390/smartcities5030056

[69] S. Bhattacharya, R. Chengoden, G. Srivastava, M. Alazab, A. R. Javed, N. Victor, P. K. R. Maddikunta, and T. R. 

Gadekallu, “Incentive mechanisms for smart grid: State of the art, challenges, open issues, future directions,” 

 Big Data Cogn. Comput. , vol. 6, no. 2, 2022. https://doi.org/10.3390/bdcc6020047

[70] I. Colak, R. Bayindir, and S. Sagiroglu, “The effects of the smart grid system on the national grids,” in 2020 8th International Conference on Smart Grid (icSmartGrid), Paris, France, 2020, pp. 122–126. https:

//doi.org/10.1109/icsmartgrid49881.2020.9144891

[71] K. F. Uddin, J. Iqbal, and S. Amjad, “Return on investment (ROI) analysis of OFF-Grid solar photovoltaic system in residential sector of Pakistan,”  J. Sustain. Environ. , vol. 1, no. 1, pp. 1–16, 2022. https://doi.org/10.5

104

8921/jse.01.01.014

[72] A. Rajagopalan, D. Swaminathan, M. Alharbi, S. Sengan, O. Montoya, W. El-Shafai, M. Fouda, and M. Aly, 

“Modernized planning of smart grid based on distributed power generations and energy storage systems using soft computing methods,”  Energies, vol. 15, no. 23, p. 8889, 2022. https://doi.org/10.3390/en15238889

[73] V. Patterson-Hann and P. Watson, “The precursors of acceptance for a prosumer-led transition to a future smart grid,”  Technol. Anal. Strateg. Manag. , vol. 34, no. 3, pp. 307–321, 2021. https://doi.org/10.1080/09537325.2

021.1896698

[74] Y. Wu, Z. Wang, Y. Huangfu, A. Ravey, D. Chrenko, and F. Gao, “Hierarchical operation of electric vehicle charging station in smart grid integration applications-An overview,”  Int. J. Electr. Power Energy Syst. , vol. 

139, p. 108005, 2022. https://doi.org/10.1016/j.ijepes.2022.108005

[75] N. Raza, M. Q. Akbar, A. A. Soofi, and S. Akbar, “Study of smart grid communication network architectures and technologies,”  J. Comput. Commun. , vol. 7, no. 3, pp. 19–29, 2019. https://doi.org/10.4236/jcc.2019.73003

[76] C. Tu, X. He, Z. Shuai, and F. Jiang, “Big data issues in smart grid-A review,”  Renew. Sustain. Energy Rev. , vol. 79, pp. 1099–1107, 2017. https://doi.org/10.1016/j.rser.2017.05.134

[77] H. Daki, A. El Hannani, A. Aqqal, A. Haidine, and A. Dahbi, “Big Data management in smart grid: Concepts, requirements and implementation,”  J. Big Data, vol. 4, no. 1, pp. 1–19, 2017. https://doi.org/10.1186/s40537

-017-0070-y

[78] A. Fernández-Guillamón, E. Gómez-Lázaro, E. Muljadi, and Á. Molina-Garc´ıa, “Power systems with high renewable energy sources: A review of inertia and frequency control strategies over time,”  Renew. Sustain. 

 Energy Rev. , vol. 115, p. 109369, 2019. https://doi.org/10.1016/j.rser.2019.109369

[79] K. G. Firouzjah, R. Ahmadiahangar, A. Rosin, and T. Haring, “A fast current harmonic detection and mitigation strategy for shunt active filter,” in  2019 Electric Power Quality and Supply Reliability Conference (PQ) and 2019 Symposium on Electrical Engineering and Mechatronics (SEEM), Kärdla, Estonia, 2019, pp. 1–5. 

https://doi.org/10.1109/pq.2019.8818253

[80] H. Fallahzadeh-Abarghouei, S. Hasanvand, A. Nikoobakht, and M. Doostizadeh, “Decentralized and hierarchical voltage management of renewable energy resources in distribution smart grid,”  Int. J. Electr. 

 Power Energy Syst. , vol. 100, pp. 117–128, 2018. https://doi.org/10.1016/j.ijepes.2018.02.006

[81] A. Alaerjan, R. Jabeur, H. Ben Chikha, M. Karray, and M. Ksantini, “Improvement of smart grid stability based on artificial intelligence with fusion methods,”  Symmetry, vol. 16, no. 4, p. 459, 2024. https://doi.org/10.3390/

sym16040459

105



Document Outline


	1 Introduction

	2 Related Works

	3 Background and Motivations

	3.1 Energy Status of Duhok in Kurdistan





	4 Smart and Conventional Grids

	5 Required Characteristics for the Smart Grid

	6 Architecture of the Smart Grid

	7 Benefits of the Smart Grid

	8 Challenges for Implementing the Smart Grid

	8.1 Investment Costs

	8.2 Data Management

	8.3 Stability and Decreased Flexibility





	9 Conclusions






cover.jpeg
Journal of Industrial Intelligence k lml“m

hitps://www.acadlore.com/journals/JII

Challenges and Opportunities in Implementing Smart Grid
Technologies in Kurdistan: A Comprehensive Review gt

Emad Hussen Sadig'*®, Yasir M.Y. Ameen?®, Harwan M. Taha!®, Nizar Jabar Fagishafyee’®

! Department of Energy Engineering, Duhok Polytechnic University, 42001 Duhok, Irag

2 Department of Electrical Engineering, College of Engineering, University of Mosul, 41002 Mosul, Iraq

3 Department of Information Technology, Technical College of Informatics-Akre, Akre University for Applied
Sciences, 42004 Akre, Iraq

* Correspondence: Emad Hussen Sadiq (emad.sadiq@dpu.edu.krd)
Received: 05-10-2024 Revised: 06-14-2024 Accepted: 06-22-2024

Citation: E. H. Sadig, Y. M. Y. Ameen, H. M. Taha, and N. J. Faqishafyee, “Challenges and opportunities in
implementing smart grid technologies in Kurdistan: A comprehensive review.” J. Ind Intell., vol. 2, no. 2, pp.
94-105. 2024. https://doi.org/10.56578/jii020203.

© 2024 by the author(s). Published by Acadlore Publishing Services Limited, Hong Kong. This article is available for free download
and can be reused and cited, provided that the original published version is credited, under the CC BY 4.0 license.

Abstract: The increasing demand for electricity, coupled with the limitations of centralised power generation,
has necessitated the transition towards smart grid technologies as a critical evolution of traditional power systems.
The smart grid represents a significant transformation from the conventional grid, offering a pathway towards
modernising energy infrastructure. This review aims to present a comprehensive analysis of the advantages and
challenges of smart grid implementation, particularly within the context of the Kurdistan Region of Iraq. Key benefits
such as improved grid intelligence, enhanced reliability, and sustainability were highlighted. However, several
challenges were identified, including cybersecurity risks, regulatory complexities, and issues of interoperability,
which collectively pose obstacles to widespread adoption. Furthermore, the review examines the current energy
network in the Kurdistan region and proposes a framework for integrating smart grid technologies. Strategies for
addressing the identified challenges were discussed, emphasising the importance of overcoming these barriers to
facilitate the region’s transition to a more advanced and efficient energy infrastructure.

Keywords: Smart grid; Conventional grid; Challenges and opportunities; Cybersecurity risks; Power grid
1 Introduction

In recent decades, large-capacity, long-distance power grids have been widely used to meet growing electricity
demand [1, 2]. Due to the nature of the distributed energy which is fluctuating and intermittent and the continuous
seeking for the high conditions of living, the electrical network has encountered several difficulties. Lack of
management of particular power outages could lead to accidents and other serious consequences, finally leading to
a big outage in the network. A smart grid provides an ultimate solution for long-term development of the electrical
network system [3]. It is expected that the smart grid will transform the generation, transmission, and distribution of
electricity by adopting two-way working of electrical energy and data transformation [4].

In addition, the smart grid is capable of improving the existing power grids through the integration of renewable
energy sources such as solar and wind energy sources. These types of sources are more environmentally friendly
compared to traditional sources of energy such as fossil fuels which are usually utilized in a large portion of the
production of electricity. Moreover, these new units of generation can be compacted and small in size and can be
located close to the load centers. For these reasons, the reliability of the system can be improved and the transmission
power losses can be minimized, but this adds more complexity to the structure of the power system.

The distributed generation units are small in size and located in different areas which are close to the centers
of the loads, and they contribute to improving the reliability of the network. Despite increasing the flexibility and
reliability of the existing network, it can lead to a more complicated system [5, 6].

In terms of functionality, the smart grid is classified into transmission and distribution systems. There is several
equipment, such as generators, connecting with each other by high-voltage transmission lines. Therefore, a failure in
a single component or generating unit will not have a big influence on the whole transmission system. On the other
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