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Abstract

:

For power plant networks in developing countries like Iraq, balancing electricity demand and generation continues to be a major challenge. Energy management (EM) in either demand-side (DS) or generation-side (GS) strategies, which is frequently utilized in Iraq due to a lack of adequate power generation, has a small impact on the power balancing mechanism. Most previous studies in similar countries discussed only the application of DS strategies. The purpose of this paper is to contrast and review various energy management methodologies being used in developing nations facing power outages, to be able to recommend suitable ones according to the country’s situation. To assess potential EM-based solutions to improve the total energy efficiency of the Iraqi electrical community, a thorough and methodical analysis was carried out. The main objective of this review paper is to discuss the causes of power outages and the energy management strategies addressed here as methods to mitigate or avoid power outages. Unlike existing reviews that concentrated on demand-side energy management, this study specifically focuses on power outage causes in developing countries like Iraq rather than all management strategies. It also introduces the consequences of power outages including analysis of distribution power losses, financial loss from power blackouts, and power blackouts in firms in a typical month. Therefore, it presents readers with state-of-the-art strategies and recommends a generation-based EM strategy to mitigate such issues.
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1. Introduction


1.1. Motivations and Overview


The stability of installations and their continuous operation as well as the quality of life of residents, are all highly dependent on the constant supply of energy. The utility company in Iraq, for example, has been unable to continuously supply electricity to all grid-connected customers for the previous 30 years. In addition to having drawbacks related to noise, pollution, and poor performance at partial load, the conventional solutions offered by diesel generators at the neighborhood level, motivated by the necessity for maintenance and fuel supply, also have a significant economic drawback related to a high charge of energy, in the majority cases. Furthermore, conventional battery storage offers expensive, technically constrained, and capacity-constrained technological options. Electricity rates or the prices set by competing generators to power customers change, therefore, from month to month and typically change by an order of size between high and low seasons because electricity is not economically storable. The most significant factor affecting electricity prices is the balance between supply and demand. During high-demand periods, such as hot summer days when air conditioning usage is high, electricity prices tend to rise. Conversely, during low-demand periods, prices may drop. These fluctuations can occur daily, seasonally, or even on an hourly basis.



Electricity is essential to a nation’s economic, social, and political development [1,2]. The lack of sufficient energy supply substantially impacts the rise in the standard of living, industrialization, and other fields (including education and health) [3]. Many studies have linked the role energy consumption plays in a nation’s development in terms of its economy, society, and technology [4]. The demand for electrical energy is rising rapidly, and the available resources are depleting rapidly. Thus, managing energy sources effectively, maximizing consumption, and reducing production costs is crucial [5].



There is a significant increase in household energy use due to the development of electronics and their affordability than years ago, which means that more electricity is used. Electrical energy consumption is rising not only in typical homes but also in various industries [6]. The quality and continuity of electric power is a subject of growing concern for both electric utilities and end customers [7]. It has been predicted for years that developing countries will see an increase in energy demand, a rise in the use of fossil fuels, and a corresponding rise in greenhouse gas emissions, with low-income appliances leading to an increase in energy utilization [8]. Between 2004 and 2040, the consumed energy in developing nations is projected to rise by 3% per year [9]. Demand and supply must often be balanced, and many nations have chosen the tried-and-true strategy of boosting energy supply utilities to keep up with demand [10]. With the growth of renewable resources, the top-down and single-direction energy flow orientations have become problematic, necessitating complex real-time control of distributed energy resources. An option to balance supply and demand is demand-side management (DSM) [10].



The majority of studies have concentrated on customer/demand-side management strategies. Only a few articles have discussed alternative programs for avoiding or mitigating power outages that the utility grids impose to cover the lack of power generation. These studies, like [11,12,13,14,15], discussed multi-agent energy generation networks or their control algorithm for energy optimization [16,17,18,19,20]. However, no generation-side EM-based work has been carried out when the power plant uses one type of energy source (such as natural gas or petroleum in Iraq). In addition, there are no comprehensive studies discussing power outages and their causes in the literature, especially for developing countries; except power outages due to natural disasters and accidents. This work covers this gap by providing a comprehensive understanding of the challenges and opportunities related to addressing power outages in regions like Iraq, and to propose practical solutions that can lead to a more reliable and accessible power supply. Such efforts can have significant positive impacts on the quality of life, economic development, and overall stability in these regions.




1.2. Topology of Grid Utilities


Traditional topologies are often centralized systems built as ring or radial networks to service consumers over a sizable geographic area with a sizable population. With this design, generation is generally kept far from the load centers. In order to allow energy transport from generation to consumers, transmission networks are used, as shown in Figure 1.



The typical generator voltages (34.5 to 5) kV, transmission voltage levels (765 to 66 kV), and distribution voltage levels (33 kV three-phase to 220–230 V 1-phase and 420/220 V), are all handled by this topology. The legacy, utility, or main grids are further names for the topology. Larger global economies with high industrial, commercial, and residential demand currently operate on this topology.



An efficient energy management system of microgrids relies on optimization algorithms and control models that are equipped to handle their assets. Hierarchical control schemes, distributed, decentralized, and centralized are widely known as microgrid managing systems. The development of research questions and microgrid control using hierarchical control architectures and distributed topologies, and decentralized strategies was summarized in [21]. The choice of the control model relies on the type of mode of operation, MG, and operator or user conditions. A review of collaborative control architectures with hierarchical architectures, decentralized, distributed, and centralized, and their processes for DC microgrids was presented in [22,23].




1.3. Review Structure and Contributions


The review structure of this work is as follows. Section 1 describes the rolling blackouts that occur in Iraq as a case study. In Section 2, the causes of power outages are discussed. Section 3 demonstrates the function that EM performs in developing countries. In Section 4, this review outlines and analyses the conditions and governing framework of the Iraqi electricity generation sector. In Section 5, an EM strategy is recommended as a solution for the complex situation in Iraq. Section 6 presents suggestions and conclusions for implementing EM in such underdeveloped countries.



The main objective of this review paper is to discuss the causes of power outages and their occurrence mitigation strategies and take Iraq as a case study. Furthermore, we are mainly focused on the causes of power outages where the energy management strategies are addressed here as methods to mitigate or avoid the power outages. The contributions of this work, when compared to the existing literature, can be summed up as follows:




	
To the best of our knowledge, this work is the first review to widely cover the causes of power outages that some countries suffer from, especially the rolling blackouts imposed by national grid companies like in Iraq. This includes power transmission and distribution outages due to technical reasons, natural weather conditions, power plant faults, accidents, over-demand, and bypassing/hacking the power national grid.



	
Unlike existing reviews [24,25,26,27] that concentrated on demand-side energy management, we specifically focus on power outage causes for developing countries like Iraq rather than all management strategies.



	
This paper covers the most advanced and recent progress to overcome the planned power outages of the power grid. Therefore, it presents readers with state-of-the-art strategies.








Inclusive comparisons of previous strategies in several similar countries are provided with a summary and perceptive discussions being given.





2. Causes of Power Outages


The most frequent reason for power disruptions is typically bad weather. However, there are frequently several causes of a power outage; blackouts can occur for a variety of reasons. Lightning, for instance, can bring down a tree that is in the way of electrical lines. Floods or mudslides can result from persistent rain. Extreme temperatures, such as extreme heat and cold, can harm the electrical grid’s components. According to the survey, severe weather-related large outages occur at the following rates: (1) 3% by lightning, which has the potential to fry wires or zap transformers; (2) 5% by snow and ice, which causes power outages throughout the winter; and (3) 8% by wind, which includes hurricanes, tropical storms, and tornadoes.



Too many individuals using excessive amounts of power in one location at once may be a frequent and unexpected reason for a power outage. The system may become overloaded and experience an outage on a hot summer day when everyone’s air conditioners are running nonstop. All too frequently, avoidable incidents result in power disruptions. In these situations, a human mistake is what results in power outages. Power outages are not just the result of mistakes made by professionals. Deliberate acts of damage and vandalism are more sinister causes of power outages. To steal wire and other components with copper within and sell them for scrap, thieves take severe risks. A sporadic power outage may be the outcome. Three main categories of power interruptions exist:




	
Blackout: A blackout happens when the entire system fails. The worst power outage so far is this one. Power restoration can be challenging, particularly when power stations are damaged and the grid is tripped. These disruptions can extend for several hours, days, or even weeks.



	
Brownout: Unlike a blackout, which results in a complete loss of electricity, a brownout only results in a temporary reduction in power. This kind of interruption can prevent the grid from becoming overloaded and entering a complete blackout. Rolling brownouts occur when the electricity grid loses power in discrete areas.



	
Permanent fault: it does not last forever. Faults include imbalanced voltage or current as well as flow disruptions. The electricity is restored once the fault has been fixed. Because it will not correct itself or reset without intervention, the problem is referred to as permanent.








There are other natural causes of power outages besides the weather. Systems can also be severely damaged by earthquakes, mudslides, floods, and wildfires. Major occurrences like this can knock down transmission lines, damage transformers, and ruin substations. The causes of power outages can be classified and represented with a diagram showing the reason and corresponding related references as shown in Figure 2.



The frequency of occurrence in percentage terms depends on the location and the country. In the USA, for example, the majority of power outages are due to weather conditions, such that 59% are from storms and severe weather, 18% from cold weather and ice storms, 18% from hurricanes and tropical storms, 3% from tornadoes, and 2% from extreme heat and wildfires.




3. Consequences of Power Outages


3.1. Analysis of Distribution Power Losses


The examination of the electrical energy losses in the grid distribution with a voltage of 22 kV, which is brought on by the electrical energy transmission to consumers, is the focus of this section. The primary technical and economic measure that fully captures the management of the power grid, planning, use, production, and design is the line loss rate [73]. The flow of current occurs during the transmission of power plant electrical energy to customers via distribution and transmission lines, which results in voltage drop and PL. In an ideal situation, just the active part generates current, which creates an appliance function and results in fundamental losses.



The topic of power loss analysis and electrical energy computation is fairly broad and necessitates varying effort and difficulty for various voltage levels. The computation and overall analysis become simpler the higher the voltage of the electrical energy being delivered. Calculations based on physical formulas are used to determine the power losses in extra-high voltage and HV networks. These calculations make use of actual network technical parameters as well as active power and voltage measurements on specific network components. Another way of computing the PL is utilized for the LV and MV networks [74]. The distinction among the electrical energy used for self-consumption (WV), the electrical energy used by customers (WO), and electrical energy entering the network (WI) can be used to calculate the overall electrical energy losses (∆W). ∆W is measured in kWh.


  ∆ W =   ∑  1   k      W   I     −     ∑  1   k      W   O     +   ∑  1   k      W   V        



(1)







According to Figure 2, distribution power losses can be split into two categories: non-technical and technical losses. Technical losses are losses brought on by the transmission and transformation of electrical energy. For instance, heat is created as electrical energy passes through overhead power lines, transformers, and other components. Additionally, they are brought on by the well-known physical effects of electricity such as low voltage, losses from overloading, unbalanced loading, long single-phase lines, harmonic distortion, etc. These depend on the characteristics and method of operation of the network [75,76,77,78]. Technical losses, according to [79], can be classified into two types:




	
In a distribution network, fixed technical losses account for 1/4 to 1/3 of all technical losses. This can happen whenever the transformer is powered and typically manifests as noise and heat. The fixed losses are more affected by leakage current losses, dielectric losses, corona losses, etc., than by the amount of load current flowing.



	
Between two-thirds and three-quarters of the distribution system, technical losses are made up of technical variable losses that are proportional to the load current square. Joule heating losses, contact resistance, and line impedance all have an impact on the variable losses.








In LV networks, non-technical losses, often referred to as commercial losses, can occasionally account for a greater portion of overall losses than can technical losses. They result from outside influences acting on the power system or from load situations [80,81,82]. Because system operators frequently fail to account for these losses, there are no records for them, making their measurement more challenging. The difference between calculated technical losses and total losses can be used to compute them [83,84]. Computation errors in technical losses, customer bill non-payment, electricity theft, and flaws in record- and accounting-keeping that falsify technical data are the most likely sources of non-technical losses. The relevance of discussing the causes of power outages also requires discussing the financial losses due to these problems, which are discussed in the next section.




3.2. Reliability Indices


A power system’s reliability refers to its capacity to perform well under predetermined circumstances throughout the desired duration [85]. This definition’s application to distribution systems focuses on how well each part performs under typical conditions and how it affects the end users. The indices evaluate the ability of the distribution network to provide customers with uninterrupted power [86]. The IEEE handbook [87] presents dependability indices, including the system average interruption duration index, system average interruption frequency index, average service availability index, and others. Due to their large effects on utilities’ revenue, system power quality, system stability, and system security indices play a key role in the planning and operation of distribution systems [88]. The following are the indices used in this review study on network reconfiguration.



3.2.1. Average Energy Not Supplied (AENS)


Equation (2), in which Lavg(i) is the average load connected to load point I and Ni is the total number of customers at the load point, mathematically expresses this as the ratio of energy not delivered to the total number of consumers serviced.


  A E N S =    ∑    L   a v g ( i )     U   i        ∑    N   i        



(2)







The dependability indices are often computed with the use of analytical methods and Monte Carlo simulations. The analytical methods use a mathematical model to represent the system and mathematical solutions to compute the indices. Conversely, sequential Monte Carlo simulation techniques consider the unpredictable and time-varying nature of load models when evaluating their reliability [89].




3.2.2. Energy Not Supplied (ENS)


The ENS index, which is calculated using Equation (3), measures the amount of energy that is not provided to customers. Here, Lavg(i) represents the average load connected to load point i, Ui represents the annual unavailability for each load point, and N represents the total number of load points.


  E N S =   ∑  i = 1   N      L   a v g ( i )     U   i      



(3)








3.2.3. Average Service Availability Index (ASAI)


The availability of power for a given period, as desired by customers, is shown by ASAI. The index is often calculated annually or monthly [90]. In order to calculate ASAI mathematically, Equation (4) is used, where T stands for the entire period under investigation, ri for the restoration time, Nn for the total number of interrupted customers, and Ns for the total number of customers served.


  A S A I = 1 −      ∑    r   i     N   n        ∑    N   s   T        



(4)








3.2.4. Customer Average Interruption Duration Index (CAIDI)


The average amount of time needed to restart the power supply following an interruption is calculated using the CAIDI index. Equation (5) is used to construct CAIDI, where Ni is the total number of customers at load point i and Usysi is the system annual outage length at load point i.


  C A I D I =    ∑    U   s y s i     N   i        ∑      λ   s y s i   N   i        



(5)








3.2.5. System Average Interruption Frequency Index (SAIFI)


A customer’s average number of power outages over a given period of time is represented by SAIFI [91]. Equation (6) can be used to obtain the SAIFI, where λsysi is the system failure rate at the load point (ith).


  S A I F I =    ∑    λ   s y s i     N   i        ∑    N   i        



(6)








3.2.6. System Average Interruption Duration Index (SAIDI)


This statistic establishes the average consumer’s power outage duration over a given time period [91]. Although SAIDI is not strictly calculated on a monthly or annual basis, any time frame can be included. SAIDI is assessed using Equation (7), where Ni is the total number of customers at load point i and Usysi is the system yearly outage length at load point i.


  S A I D I =    ∑    U   s y s i     N   i        ∑    N   i        



(7)









3.3. Producing Systems Reliability Indices


The most sophisticated system is probably the one that provides electricity. There are different functional sections of the system. These are referred to as distribution, transmission, and generation. Each component will be examined independently for easier evaluation before being combined to determine the system’s reliability. The resource adequacy metrics explain the incidence of risk over the course of the period, which aids in the evaluation of the power plant. The reliability studies rely on a number of indices [92,93] such as forced outage rate (FOR), expected energy not supplied (EENS), interruption duration index (IDI),energy index of reliability (EIR), expected power not supplied (EPNS), loss of load expectation (LOLE), loss of energy probability (LOEP),loss of load events (LOLEV), loss of load hours (LOLH), expected un-served energy (EUE), and loss of load probability (LOLP).



3.3.1. LOLP


The index LOLP is required to demonstrate the efficacy and performance of an electrical system. The load growth rate, the load duration curve, the plant’s FOR, and the quantity and capacity of generating units all have an impact on this index value. This index measures the likelihood that the system’s hourly or daily demand will outpace the available generating capacity within a specific time frame. A daily peak load curve can be used to determine the LOLP. The LOLP is a projection of how long it will take for the load on a power system to ultimately exceed the capacity of the available generating resources. As a result, the LOLP is based on integrating the daily peak probability with the probability of generation capacity states [94].




3.3.2. EUE and LOLH


This index indicates the quantity of energy that should have been supplied throughout the system load cycle observation period but was not because of a lack of essential energy resources. It can also be described as a measurement of the resource availability to continuously supply the required load at delivery locations. It can be characterized as the anticipated energy demand that will not be met in a specific year. The EUE can offer a measurement of the extent of a particular evaluation region.



At the same time, when a system’s hourly demand is more than its generating capacity, the anticipated number of hours annually (also known as the LOLH) might be used. The load duration curve allows for the calculation of this index. When considering the most recent case, the hourly LOLE is referred to as the LOLH.



The LOLH is divided into several categories, including annual, monthly, and annual EUE, which are both actual and normalized at the same time.




3.3.3. LOLE


Power system planners often analyze future energy demand and then carry out a series of calculations to predict how much and what kind of generation will be required at one or more future dates because constructing and building a power plant is a time-consuming procedure. The use of a resource adequacy measure, often based on loss of load probability (LOLP), or a related metric, is a widespread strategy, despite some variations in approach. A target reliability level is used to assess if resource adequacy will be attained. The industry standard LOLE level is 1 day every 10 years.



The peak hour was used to calculate LOLP historically once each day. The estimate uses a direct convolution of the capacity of each generator and the rate of forced outages. The likelihood is thus determined directly. The formula to obtain LOLE can be given by:


  L O L E =   ∑  j = 1   K    P [   C   j   <   L   j   ]    



(8)




where P represents the probability function, K is the number of days in a year, Ci is the amount of capacity that is available thanks to the convolution process, and Li is the daily peak demand.




3.3.4. LOLEV


The situation known as LOLEV occurs when a portion of the system load is not met for an annual length of time [95]. The event could last an hour or several hours. This is defined as the number of occasions throughout the year where a portion of the system load is not handled. A LOLEV may persist for a single hour or several, and it may result in a load loss of one or several hundred megawatts. The frequency of occurrence index is used to describe this [96].




3.3.5. LOEP


An indicator of generation reliability is the loss-of-energy likelihood [97]. The LOEP is a relationship between the overall energy demand during a certain lengthy time of observation and the expected energy not served (EENS) over the same period. Calculating the LOEP for installed capacity is made easier by using the load duration curve. Consequently, the LOEP is given by:


  L O E P =   ∑  i        E   i     P   i     E      



(9)




where the LOEP is a probability and has no units; energy is Ei, but it cannot be provided because of a capacity problem (Oi); Pi represents the likelihood of a capacity outage (Oi); E for the study period, where E is the overall energy demand.




3.3.6. EPNS


EPNS is identical to the necessary curtailment. The EPNS is defined by:


  E P N S =   ∑  i = 1   n    L O L   i   x . p r o b a b i l i t y   ( i )    



(10)




where LOL is the loss of load, i is the number of cases.





3.4. Economic Losses Due to Non-Delivery of Power


Technical indices with an emphasis on average power interruption frequency, length, and severity, such as CAIDI, SAIDI, and SAIFI, statistically indicate the security of the system. The value of lost load (VoLL) [98] is a significant socioeconomic measure that addresses the financial effects of power outages and the monetary assessment of uninterrupted power supply [70,99].



An important method is the VoLL, which is used to estimate the costs of damage caused by a power outage. VoLL can be viewed as a financial indicator of the stability of the power supply. VoLL is calculated by equating the financial loss brought on by a power outage from the loss of commercial operations to the quantity of kWh that was not provided during the interruption [100]. Costs can be shown in relation to time in addition to monetary units against kWh. Nevertheless, a representation in dollars/kWh is more frequently employed [101]. The reason for the power outage is irrelevant because the VoLL is an economic indicator [102]. VoLL cannot be directly deduced as market performance because, even if it gives the option of expressing the value of power supply security in monetary terms, there is no market on which power interruptions can be exchanged. As a result, VoLL needs to be calculated using accurate measurement methods.



One method for calculating VoLL depends on the stated-preference approach. This includes survey designs such as choice experiments (CE) and contingent valuation methods (CVM) to arrive at the willingness to accept (WTA) and willingness to pay (WTP) and for a hypothetical supply disruption, where estimates of WTA and WTP are normalized using units of time to estimate VoLL [103]. WTA and WTP can be estimated using open-ended CVMs; however, the Atmospheric Administration (NOAA) and National Oceanic Panel headed by Arrow et al. [104] proposed that the open-ended responses to WTA or WTP are unlikely to provide reliable valuations due to associated strategic bias and a lack of realism. Studies that derive WTA and WTP for calculating VoLL using the CE approach have increased significantly in recent years. When one of the alternatives is selected, CE offers the responders two options that are different in some aspects. With each scenario in the survey, the key attributes in each of the alternatives are modified, allowing CEs to estimate marginal WTP/WTA for various attributes.




3.5. Financially Losing from Power Blackouts


Devastating power blackouts that can influence residential and business actions are primarily caused by deteriorating power grids. States that do not succeed in advancing in current technologies for their electricity networks face the danger of experiencing significant economic losses. A power outage may last a few hours or several days. Current electricity grids are more technologically advanced than their predecessors, yet they nonetheless pose problems of their own. However, because a substantial portion of the world lacks access to the most recent technologies, they will inevitably experience the most significant relative losses due to power outages. A list of the first ten countries that are losing financially from power blackouts is displayed in Table 1.



Regarding the financial loss in Iraq, the government makes assurances that things will improve. A parliamentary committee established to look into the power industry revealed in December 2020 that $81 billion (EUR 68 billion) had been invested in the industry since 2005. Yet, there has not been any notable advancement. An analyst with the International Energy Agency (IEA), which advises governments on policy and analyzes data on the world’s energy supply, mentioned that there are non-technical elements, political and economic ones, in addition to the technical condition [124].



Some of the causes of this crisis include insufficient production, the inability to face demand in tandem with the growing number of residents, the Tehran government’s pronouncement to occasionally cut electricity due to Iraq’s inability to pay debts, and the incapability for importing electricity from Gulf nations because Iraq’s system is only connected to Iran, and terrorist attacks by the Daesh/ISIS grouping. After the defense industry, electricity and energy are regarded as the two most corrupt industries in the nation.



All governments that came into power after 2003 have pledged to develop the energy infrastructure, particularly the electricity grid, but so far there has been no advancement on the matter. In contrast to three territories in northern Iraq in the Kurdish Regional Government zone, notably Erbil, Sulaymaniyah, and Duhok, most regions in Iraq can only currently provide a few hours of energy each day [125]. The remainder of the day is spent on neighborhood generators that are incapable of even powering air conditioners, and are an unsafe network and distribution system, as shown in Figure 3.




3.6. Power Blackouts in Firms in a Typical Month


The power outages of the first 20 countries as reported by firms over a typical month are shown in Figure 4, where the power outages here can be defined as the average number of electricity blackouts that establishment occurrence for a distinctive month [126].



Establishments typically encounter an average of x number of power interruptions each month represented by firm size. Firm size levels are classified as large (100+ employees) (large-sized firms), medium (20–99), and small (5–19). A mapping representation of the power outage in firms in a typical month for 2020 is shown in Figure 5 [127].



The countries with lighter colors refer to a lower rate of monthly power outages, while the darker ones refer to the countries that hardly suffer from monthly power outages. Enterprise Surveys oversample large firms since they tend to be the engines of employment creation despite the fact that small and medium-sized businesses make up the majority of businesses in most nations. Manufacturing, retail, and other services typically make up the breakdown of sectors. Certainly, developed sub-sectors are chosen as new strata in bigger economies based on overall establishment data, value-added, and employment. Geographic areas are chosen within a nation based on the regions and cities that collectively have the greatest concentration of financial activity [127].





4. Power Outage Mitigation Strategies


This section discusses the possible solutions to overcome or mitigate different types of power outages. The limits of the solution and the scope of its effectiveness can be significantly influenced by utilities’ tactics for reducing power outages. Such strategies ought to be comprehensive, covering every aspect of mitigation, from prompt discovery and effective restoration to ongoing public outreach. For minimizing power outages, there are primarily two energy management solutions, demand-side and generation-side energy management.



4.1. Demand Side EM


The classification and terminology of demand-side EM projects have been assessed in this section. The Electric Power Research Institute developed DSM in the 1980s to alter energy consumption patterns and load forms for increased dependability, oversight, and postponement of investments. Customers are placed at the heart of the decision-making method by demand-side EM when deciding how and when to use electricity [128,129]. Demand-side EM has advanced further as a result of the electrical market’s evolution [130]. Although the concept of demand-side EM in the literature is broad, its main objective is to lower energy demand through changing consumer consumption habits.



“Demand-side EM is the term used to describe technology, actions, and programs on the demand-side of energy meters that aim to control or reduce energy use in order to lower total energy system costs or help accomplish policy goals like reducing emissions or balancing supply and demand.” according to Warren [131]. Demand-side EM, in the opinion of Lampropoulos [132], entails the full range of management duties associated with directing demand-side operations, such as program formulation, assessment, execution, and monitoring.



Demand-side EM is described by Strabac [133] in terms of consumers’ reactions to price changes and the shifting of load from on- to off-peak times. The literature often divides DSM into two categories [134]:




	
Demand response (DR), which gives end users the ability to vary their load consumption patterns in reaction to an increase or decrease in the price of power over time, lowering the system’s overall peak.



	
Energy efficiency places a strong emphasis on encouraging customers to use efficient products as a way to cut demand [129,135,136].








The distribution structures and power technology stabilities are put at risk by the combination of distributed generators that vary greatly (such as energy storage systems, electric vehicles, wind power, and photovoltaic panels). The ratio of supply to demand for power may not be balanced, though, which is the main cause. The consumption or production of too much or too little electricity can disrupt the system and result in serious issues including voltage fluctuations and, in excessive cases, power blackouts. Using EM systems efficiently can reduce peak load during unforeseen periods and improve the supply demand balance. The EM system is capable of efficiently providing loads in an effective, safe, and reliable manner under all circumstances required for the functioning of the power network, in addition to exchanging or sharing energy amongst the various energy resources accessible. These techniques are employed to achieve the outstanding aims of EM structures.



The goals of demand-side EM are to achieve the balanced operations of a utility system [137]. According to real-time supply availability, the demand-side EM may be seen as the application of load management at the consumer side of the DG utility. Energy charge declines are due to rising needs and the avoidance of early breakdowns due to overstretching demands are two goals of demand-side EM deployments in DGs. Such techno-economic objectives have implications for state regulations, governing bodies, system operators, utilities, and consumers. Energy efficiency (EE) and demand response (DR) programs make up demand-side EM as a whole [138]. The DR is a utility-based program created for managing customer demands in the short term. DR programs offer customers the chance to take part in the management of the electric grid by moving or reducing their electricity usage in exchange for time-based energy tariffs or financial incentives. Offerings include critical-peak rebates (CPR), real-time pricing (RTP), critical-peak pricing (CPP), and time-of-use (TOU) pricing to attract customers to participate in DR programs [138]. This is crucial to keep in mind while thinking about the BEMS and its policies for developing and managing real estate, which includes institutional buildings, industrial, agricultural, commercial, and residential.



The paper [139] addressed the significance of emphasizing energy management and efficiencies in building systems. The studies [140,141,142,143] all claim that DSM is applied based on the precisely defined techniques shown in Figure 6.



Load shifting, load leveling, valley filling, and peak shaving are some of the conventionally employed DSM procedures in the literature pertaining to purposes in RE-based DG schemes for load management. Peak shaving takes into account that utility-based DR programs start load shedding for consumers to relieve pressure on resources. Valley filling, on the other hand, tends to increase demands in opposition to surplus generation to lower charges on energy curtailments, as instigated by utility-based DR. Where there are significant changes in PDN, load leveling is a necessary DSM approach. Load shifting takes into account how crucial supply and demand are to changing demands between appliances or consumers. Peak shaving, as a DSM tactic for integrating energy storage systems (ESS) and electric vehicles (EV) with the main grid, is thoroughly reviewed by [27,143]. It schedules the charging and discharging process of an EV parking lot using real-world data of power consumption to achieve the traditional demand-side EM tactics, valley filling and peak shaving, to optimize power consumption profiles at a university construction.



The study [143] schedules the discharging and charging method of an electric vehicle parking lot using parking lot occupancy and real-world power consumption data to achieve the traditional DSM strategies, the valley filling and peak shaving, and to optimize power consumption profiles in a university building. The paper [144], created an algorithm to construct an ESS-based processes program for load leveling and demand peak shaving using demand profile information and a small set of ESS parameters. In order to study the potential of vehicle-to-grid-enabled electric vehicles to carry out reactive power compensations during any of the two topologies of a battery charger with bidirectional property a peak shaving technique [145].



The literature currently available, such as that by [146,147] indicates that flexible load scheduling, strategic conservation, and planned load increase are parts of demand-side EM strategies. Strategic conservation is a utility-initiated program, similar to classic demand-side EM techniques, that primarily focuses on consumer interests in accepting incentives for decreased energy use. A planned rise in energy consumption called “strategic load expansion” aims to boost customer productivity and utility revenue per kWh. In contrast, flexible load scheduling is a program that rewards customers for increasing their load and making curtailments. Customer incentives for load increase and decay are used interchangeably in flexible load scheduling. Table 2 lists the comparison of demand-side EM strategies in the literature, while the critical analysis is listed in Table 3.




4.2. Generation-Side EM


Actions made to guarantee that the production, distribution, and transmission of energy are carried out effectively are referred to as generation-side management. The phrase is most frequently used in relation to electricity, while it can also be used to describe operations involving the provision of other energy sources, such as fossil fuels and renewable energy sources. It is possible to describe this type of EM by the following actions:




	
Distribution and transmission of electrical power, including substations, lines, and on-site generating, are examples of generation-side EM. Transfer of solid, liquid, and gaseous fuels.



	
Energy conversion and power generation, including cogeneration and operational upgrades to existing plants.



	
Energy resource supply and use, including the use of renewable energy sources, fuel substitution, and clean coal technology.



	
Since the over-demand of electricity forces the national utility company to apply rolling/planned power outages, generation-side-based EM with an appropriate strategy is a method that can help improve management strategy performance. This technique is recommended by this work for cases like Iraq.








Effective generation-side EM will improve the effectiveness with which end consumers are supplied for an energy system, permitting the service company to postpone substantial capital expenditures that might otherwise be necessary for expanding their capacity in expanding markets. SSM minimizes environmental emissions per unit of produced of end-use power, while enabling installed producing capacity to supply electricity at a cheaper cost (allowing for lower pricing to be given to customers). Generation-side EM has the potential to increase a supply system’s dependability. Generation-side EM is becoming increasingly crucial given the present trend of deregulating the supply industry, where the environment, user, and supplier all benefit. An electrical utility may undertake generation EM to:




	
Minimize environmental impact;



	
Supply the highest value to its clients by reducing energy charges;



	
Make sure of consistent availability of energy at the minimum financial cost eventually growing its profits;



	
Satisfy rising electricity demand without needless significant capital expenditures for additional producing capacity.








The utility grid may integrate renewable energy sources, and energy storage banks with the distributed energy generation resources. The microgrid can either function as a stand-alone source of energy integration or it can be connected to the grid. The choice is based on the resources that are accessible at the targeted location. The independent microgrid is the best option for all energy needs in distant places. In contrast, a grid-connected microgrid is better suited for metropolitan settings. The main benefit of integration is that energy production would also be performed by the customer [9].



In comparison to the traditional energy setup, the microgrid is more promising, adaptable, and dependable [10]. There are three types of microgrids now in use, with the AC microgrid being the most well-known. A DC microgrid is made up of DC energy-generating sources that are connected to the DC bus and provide energy to the DC loads using DC/DC converter, and a hybrid microgrid is a combination of DC and AC microgrids. In this design, the AC sources are connected to a common bus to supply the necessary power to the AC loads through AC/AC converters or transformers. Using DC and AC bus bars, it makes use of both DC and AC energy sources.



In total, 16.6% of people worldwide have access to electricity, according to the World Energy Outlook report from the International Energy Agency (IEA) [37]. Despite the extravagantness of sources and renewable energy technology, businesses and governments cite significant investments and large distances as the cause [37]. The most practical alternative, according to the aforementioned research, is to support hybrid renewable energy microgrids to meet the demand for energy. Additionally, according to industry standards, the HOMER software (https://www.homerenergy.com/) is a commonly used optimization tool for optimizing and modeling the hybrid renewable energy microgrid.



Economically viable, environmentally friendly, and dependably responsible are all requirements for a microgrid. Due to the dependence of renewable energy resources on atmospheric conditions, the unreliability of the grid, and other numerous factors, the choice of a battery backup is a crucial microgrid element. When energy output is lower than energy consumption, a battery backup will ensure an uninterrupted power supply. The microgrid encourages the energy management system to choose the best suitable combination of resources in terms of power quality, dependability, and cost by allowing multiple energy resources to participate.



The performance evaluation criteria can be measured by renewable fraction (fren), initial capital cost (CC), operating cost (OC), levelized cost of energy (COE), and net present cost (NPC) [200,201].





5. Power Outages in Iraq as a Case Study


When demand for electrical energy exceeds generation, rolling blackouts occur, allowing some clients to obtain power at the right voltage at the price of others who receive no control at all. It is common in various countries and can be organized ahead of time or can happen at any time. Iraq is one of the countries experiencing rolling blackouts with power outages frequently occurring during searing temperatures as a result of long power outages. Iraq’s power sector has a lengthy history of problems. Significant population expansion and the spread of consumer appliances(particularly air conditioners), corruption, and incompetence have slowed development in expanding and rebuilding capacity, while demand has continually climbed rapidly. With continued high levels of related gas flaring, fuel availability to power plants has been a challenge. Privately powered generators fill some of the demand gaps, but they are expensive, noisy, and dirty, and they rarely generate enough electricity to run air conditioning.



A country like Iraq, which has a wealth of natural resources, has one of Asia’s lowest rates of electricity utilization per capita at 1.030 kWh; compared to neighboring countries, it continues to be substantially lower (3.300 kWh in Turkey and 1.900 kWh in Jordan). Following a 17% decline in 2020, the total energy usage increased by 10% to 50 Mtoe in 2021. Since 2015, it has been quickly rising till 2020(+8%/year). Of the nation’s total energy usage in 2021, 73% came from oil; the remaining 24% came from gas; and 3% come from hydropower [202].



Iraq was the fourth-largest energy user in the Middle East in 2021, after Iran, Saudi Arabia, and the United Arab Emirates, consuming an estimated quadrillion British thermal units of total primary energy [203]. The majority of Iraq’s main energy consumption was made up of natural gas and oil, with hydropower and solar energy making only a small contribution (see Figure 7a). Until it builds new pipeline infrastructure and natural gas processing capacity, Iraq will continue to mostly rely on oil to meet demand. A plot of Iraqi electricity supply by source according to the US Energy Information Administration [204] is shown in Figure 7b.



According to a report of the Middle East Institute, the installed capacity of 30 gigawatts (GW) cannot satisfy summer peak demand as of 2023 and numerous users employ rooftop solar panels or small generators due to faulty grid and institutional issues [205], where power outages, both planned and unforeseen, were frequent [206]. The balance between generation and demand is as follows:




	
Daily Average Output: 4470 MWh;



	
Daily Electricity Demand: 6400 MWh;



	
6900–7800 MWh, or 36–45% of the summer peak demand, cannot currently be satisfied.








Since 2010, Iraq’s net energy generation has increased by an average of nearly 7% annually, reaching a total of more than 93 terawatt-hours (TWh) (see Figure 8).



Iraq generates almost all (almost 95%) of its electricity from oil and natural gas [203]. The International Energy Agency claims that, as a result of Iraq starting to import natural gas from Iran to supplement its own supply, the utilization of natural gas in the electric power sector climbed from 25% in 2016 to around 60% in 2020. The majority of the remaining power production is produced through hydroelectricity [207]. Iraq wants to develop renewable energy projects to replace part of its oil and natural gas-fired capacity and to cut back on natural gas and electricity imports from Iran, even though solar generation made up a small portion of the country’s overall power generation. Iraq has inked contracts with various foreign businesses to create 4.5 gigawatts (GW) of utility-scale solar projects in 2021, and the country intends to install 12 GW of renewable energy capacity by 2030 [208].



For 2021, the federal government of Iraq had a peak power generation capacity of 21 GW. In comparison to the installed capacity of 37 GW and the 33 GW required to meet peak summer demand, the supply that was available in 2021 was significantly less. The highest period for electricity use in Iraq is during the summer. Because of inadequate natural gas supply and infrastructure, inefficient or damaged power plants, poor transmission infrastructure, and low utilization rates of generation units, the available or effective production capacity is substantially lower than the installed capacity. Typically, peak summer demand exceeds actual production, leading to power shortages that, in the summers of 2020, 2021, and 2022, provoked protests in southern Iraq and Baghdad [209].



Iraq’s distribution losses are still a problem. In comparison to a global average of 8% throughout this time, distribution losses from 2011 to 2020 averaged 58% of the total electricity supply. High rates of electricity theft, grid inefficiencies, and subpar system design all contribute to large distribution losses [203].



Iraq is seeking methods to diversify the sources of electricity it imports. The Gulf Cooperation Council (GCC), Saudi Arabia, Turkey, and Jordan are some of the sources being considered. Iraq and the GCC reached a definitive deal under which Iraq will begin receiving 500 MW of electricity from Kuwait starting in the middle of 2024. The project’s maximum capacity, if implemented, will be 1.8 GW [210].



Customer management procedures, strong meter billing and collection systems, checks on energy theft, and effective metering are all critical to making the best use of the country’s accessible energy resources. Customers pay for less than a third of the electricity produced, and income losses related to non-fees at the delivery level reach higher than 60% [211]. A number of things can lead to power outages in an electricity network. Activation of fuses or circuit breakers, short circuits, cascade failures, faults in power plants, and damage to electric transmission lines, substations, or other components of the distribution system are a few instances of these causes [212].



In residences, electricity is mostly utilized to power equipment such as refrigerators and air conditioning schemes, cooking appliances, heating, and lighting systems as well as ICT devices and televisions [213,214,215]. These provide essential services such as preservation and food preparation, academic pursuits and home-based production, security and safety, information access and communication, as well as comfort and air conditioning [213]. All of these services may be affected if there are power outages. As a result, according to the electricity usage, the preferences of particular families, and capacities, the consequences of a power outage can vary [216]. Power outages are more likely to have a bigger impact and cost on higher-electricity-consuming families than on lower-power-consuming appliances [217]. Appliances that rely on electricity for specialized or important needs, such as delivering medical gadgets to provide domestic healthcare, maybe hit even harder.



Iraq is still trying to provide basic services to its citizens. The country’s electricity infrastructure has suffered greatly as a result of years of disagreement, as well as alleged neglect and mismanagement. In today’s Iraq, severe power outages and rolling outages are commonplace. The failure of an electrical power utility to a customer is referred to as a power blackout or outage. Users will possibly make informed EM decisions and save their expenditure by means of an energy monitoring policy that allows information on their usage habits. Therefore, an energy management strategy that includes the operation and planning of energy consumption units and energy production, as well as consumption monitoring, can help to solve power outages in such conditions.



5.1. Formulation of Iraq’s Electricity Problem


In summary of the aforementioned discussion, the Republic of Iraq faces many problems related to the production and distribution of electrical energy, in addition to poor communications and information flow from producer to consumer. The basis of the problem is the deterioration of the production and distribution of electrical energy. The relation between the causes of power outages in Iraq is that the over-demand of electricity enforces the national utility company to apply rolling/planned power outages. However, the main reasons for implementing the rolling power outages policy are not the over-demand exactly but many other causes such as (1) bypassing or hacking of the national power grid, (2) significant population expansion, (3) the spread of end-user household use, mainly through air conditioners, and (4) corruption and incompetence, have slowed growth in expanding and rebuilding capacity, at the same time as demand has continued to climb quickly. As per the above literature review, no study proposed a solution for this particular issue restricted by these conditions.



Although EM in a distribution system aids in enhancing the system’s performance, it also has constraints and difficulties. Researchers have not adequately addressed the privacy of the EMS dependability difficulties, routine system upgrades, operations in a large system, and the customer side. Such restrictions and difficulties may affect EM system operations, hence it is important for the pertinent researchers to develop efficient methods to overcome these restrictions in EM systems.




5.2. Limitations of the Reviewed Studies


The effectiveness of alternative strategies for preventing or lessening the power interruptions that the utility systems impose to make up for the lack of electricity generation has not received much research. Unfortunately, there are no studies in the literature on generation-side EM when the power plant only uses one type of energy source, and the majority of studies focused on customer/demand-side management strategies. Few studies like [11,12,13,14,15] have discussed multi-agent energy generation networks or their control algorithms for energy optimization [16,17,18,19,20]. Apart from power outages caused by accidents and natural catastrophes, there is not thorough research in the literature specifically for developing countries that discusses power outages and their causes. This study fills the gap by examining the reasons for power outages, electricity management strategies, challenges, and the experiences of developed countries. It also assesses the needs and prospects of considering the EM that could work in the power utility in countries like Iraq that experience power outages.




5.3. Statistics for the Reviewed Publications


A Scopus database was used here to offer some statistical analysis on the addressed field of study, where the initial search provided about 573 publication results when using the power outage keyword. Different keywords were used in the search process without restrictions on language, country, etc. The publication source and country are the focused statistical information in this analysis. The term “power outages or blackout” was used as a fundamental keyword, while the primary and secondary keywords “energy management, demand-side, generation-side management, and energy policies/strategies” were used. Therefore, after filtering the results with respect to these keywords and the contents we obtain about 203 publications. Analysis showing the growing number of publications per year by source is depicted in Figure 9, while the statistical analysis of publications with respect to country is shown in Figure 10.



Figure 10 indicates that China followed by the USA are the countries that suffer from power outages and they have great research potential to mitigate these issues. In contrast, Iraq has only four publications in this field with only one focused on demand-side energy management strategies to mitigate power cyclic blackouts with semi-dispatchable reserve generation [218].




5.4. Classification and a Recommended Solution


It is possible at this stage to present a diagram showing the energy management strategies for capping the planned power outages and recommend an appropriate solution under the restrictions present in Iraq. A classification diagram can accordingly be shown in Figure 11. Looking into various indices for determining online stability and reliability [4], power outages can be reduced by coordinating the various control techniques in power systems online [219], and the rate of blackout cascading events can be directly influenced by the online coordination of the various energy management policies. Furthermore, considering real-time monitoring technologies can also help to improve power system supervision in a wide range of scenarios [220].



The red dashed line indicates the proposed method. Here we recommend an interactive EM system for avoiding rolling outages, where the technique limits energy demand only in the event of a power generation constraint that occurs during the summer and winter months. The approach takes into account the equitable distribution of electrical electricity among all social classes of residential customers. This is related to the normal congestion management policies of the transmission system operators, which might not be a new strategy as a demand-side EM, but according to the conditions discussed for Iraq, it will be an effective one when it is imposed by the grid utility as a generation-side solution to mitigate the rolling power blackouts.



An amount of daily energy in kWh is assigned per each house according to daily energy availability and the number of individuals in that house. Customers who are responsible for a considerable portion of the critical peak are forced to lower their use (based on a proposed algorithm) rather than being fully disconnected from the grid. The customers can, with time, manage their consumption by monitoring how much energy there is remaining. However, this method adds more restrictions on the end-user and does not allow them to manage their usage of energy. This method is recommended for Iraq as its power plants run with one type of power source, not a hybrid.



The common demand-side EM strategies would not be effective here because the application of such strategies requires that utility company to impose rules on connecting other sources with the grid, which is very hard for the government.





6. Conclusions


The study presented an overview of power outage causes and the energy management strategies in the literature as solutions to mitigate over-demand or rolling/planned power outages, taking Iraq as a case study. The studies in the literature have discussed these issues mainly through demand-side strategies and energy generation-side methods. The demand-side has been discussed extensively as it guarantees end-user contribution to the system’s management. However, these strategies may not be the appropriate solution for some cases such as in Iraq.



The study found that the main causes for imposing the rolling power outage policy by the national utility company are not over-demand exactly but many other causes such as (1) bypassing or hacking of the national power grid, (2) significant population expansion, (3) the expansion of consumer appliances, especially air conditioners, and (4) corruption and incompetence. These have slowed the advancement of expanding capacity and reconstructing, whilst demand has persisted to climb rapidly.



The generation-side-based Internet of Things is a tool that can help improve management strategy performances. It is a notion that fuses the electronics and computer science disciplines. One or more objects can communicate with one another using IoT technology across the internet network. IoT objects have microcontrollers and sensor hardware that are connected to integrate with software programs and systems that enable interfacing and communication with other objects.



Using IoT-based smart energy meters to address problems associated with prepaid energy metering is indeed a promising solution. These meters leverage the Internet of Things (IoT) technology to offer several advantages in terms of reducing complexity, mitigating non-technical losses, improving data validation, and adding additional capabilities. IoT-based smart energy meters have the potential to significantly improve the efficiency, accuracy, and convenience of prepaid energy metering systems, benefiting both consumers and utilities.







Author Contributions


Conceptualization, H.M.S. and J.P.; methodology, A.H.S.; software, A.H.S.; validation, H.M.S., J.P., and A.H.S.; formal analysis, A.H.S.; investigation, H.M.S.; resources, A.H.S.; data curation, H.M.S.; writing—original draft preparation, A.H.S.; writing—review and editing, H.M.S.; visualization, J.P.; supervision, J.P.; project administration, H.M.S.; funding acquisition, J.P. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by Tenaga Nasional Berhad (TNB) and UNITEN through the BOLD Refresh Publication Fund under the project code of J510050002-IC-6 BOLDREFRESH2025-Centre of Excellence.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


On request.




Acknowledgments


We thank the Institute of Sustainable Energy, Universiti Tenaga Nasional (UNITEN) for their support.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Khoucha, F.; Benbouzid, M.; Amirat, Y.; Kheloui, A. Integrated energy management of a plug-in electric vehicle in residential distribution systems with renewables. In Proceedings of the 2015 IEEE 24th International Symposium on Industrial Electronics (ISIE), Buzios, Brazil, 3–5 June 2015; pp. 717–722. [Google Scholar] [CrossRef]

	



Wang, S.; Xue, X.; Yan, C. Building power demand response methods toward smart grid. HVAC&R Res. 2014, 20, 665–687. [Google Scholar] [CrossRef]

	



Conchado, A.; Linares, P. The economic impact of demand-response programs on power systems. A survey of the state of the art. In Handbook of Networks in Power Systems; Springer: Berlin/Heidelberg, Germany, 2011; pp. 281–301. [Google Scholar] [CrossRef]

	



Ożadowicz, A. A new concept of active demand side management for energy efficient prosumer microgrids with smart building technologies. Energies 2017, 10, 1771. [Google Scholar] [CrossRef]

	



Chen, X.; Li, J.; Yang, A.; Zhang, Q. Artificial neural network-aided energy management scheme for unlocking demand response. In Proceedings of the 2020 Chinese Control and Decision Conference (CCDC), Hefei, China, 22–24 August 2020; pp. 1901–1905. [Google Scholar] [CrossRef]

	



Inoyatov, B.D.; Raseel, A.; Tulsky, V.N.; Dzhuraev, S.D. Power quality monitoring as a tool for phase conductors diagnostics. In Proceedings of the 2019 IEEE Conference of Russian Young Researchers in Electrical and Electronic Engineering (EIConRus), Saint Petersburg and Moscow, Russia, 28–31 January 2019; pp. 973–976. [Google Scholar] [CrossRef]

	



Das, L.N.; Gupta, S. RETRACTED ARTICLE: Electrical power system transmission quality and power supplier micro grid control functional reliability. Int. J. Syst. Assur. Eng. Manag. 2020, 11, 325–328. [Google Scholar] [CrossRef]

	



Park, E.; Kim, B.; Park, S.; Kim, D. Analysis of the effects of the home energy management system from an open innovation perspective. J. Open Innov. Technol. Mark. Complex. 2018, 4, 31. [Google Scholar] [CrossRef]

	



Zunnurain, I.; Maruf, N.I.; Rahman, M.; Shafiullah, G. Implementation of advanced demand side management for microgrid incorporating demand response and home energy management system. Infrastructures 2018, 3, 50. [Google Scholar] [CrossRef]

	



Chen, Z.; Wu, L.; Fu, Y. Real-time price-based demand response management for residential appliances via stochastic optimization and robust optimization. IEEE Trans. Smart Grid 2012, 3, 1822–1831. [Google Scholar] [CrossRef]

	



Yu, J.; Dou, C.; Li, X. MAS-based energy management strategies for a hybrid energy generation system. IEEE Trans. Ind. Electron. 2016, 63, 3756–3764. [Google Scholar] [CrossRef]

	



Yang, R.; Yuan, Y.; Ying, R.; Shen, B.; Long, T. A novel energy management strategy for a ship’s hybrid solar energy generation system using a particle swarm optimization algorithm. Energies 2020, 13, 1380. [Google Scholar] [CrossRef]

	



Teng, T.; Zhang, X.; Dong, H.; Xue, Q. A comprehensive review of energy management optimization strategies for fuel cell passenger vehicle. Int. J. Hydrogen Energy 2020, 45, 20293–20303. [Google Scholar] [CrossRef]

	



Arcos-Aviles, D.; Pascual, J.; Guinjoan, F.; Marroyo, L.; Sanchis, P.; Marietta, M.P. Low complexity energy management strategy for grid profile smoothing of a residential grid-connected microgrid using generation and demand forecasting. Appl. Energy 2017, 205, 69–84. [Google Scholar] [CrossRef]

	



Patrone, M.; Feroldi, D. Passivity-based control design for a grid-connected hybrid generation system integrated with the energy management strategy. J. Process. Control. 2019, 74, 99–109. [Google Scholar] [CrossRef]

	



Angeloudis, A.; Kramer, S.C.; Avdis, A.; Piggott, M.D. Optimising tidal range power plant operation. Appl. Energy 2018, 212, 680–690. [Google Scholar] [CrossRef]

	



Bansal, A.K. Sizing and forecasting techniques in photovoltaic-wind based hybrid renewable energy system: A review. J. Clean. Prod. 2022, 369, 133376. [Google Scholar] [CrossRef]

	



Jena, N.K.; Sahoo, S.; Sahu, B.K.; Nayak, J.R.; Mohanty, K.B. Fuzzy adaptive selfish herd optimization based optimal sliding mode controller for frequency stability enhancement of a microgrid. Eng. Sci. Technol. Int. J. 2021, 33, 101071. [Google Scholar] [CrossRef]

	



Magdy, G.; Shabib, G.; Elbaset, A.A.; Mitani, Y. Optimized coordinated control of LFC and SMES to enhance frequency stability of a real multi-source power system considering high renewable energy penetration. Prot. Control. Mod. Power Syst. 2018, 3, 39. [Google Scholar] [CrossRef]

	



Sabry, A.H.; Hasan, W.Z.W.; Zainal, M.; Amran, M.; Shafie, S.B. Alternative solar-battery charge controller to improve system efficiency. Appl. Mech. Mater. 2015, 785, 156–161. [Google Scholar]

	



Di Silvestre, M.L.; Gallo, P.; Guerrero, J.M.; Musca, R.; Sanseverino, E.R.; Sciumè, G.; Vasquez, J.C.; Zizzo, G. Blockchain for power systems: Current trends and future applications. Renew. Sustain. Energy Rev. 2020, 119, 109585. [Google Scholar] [CrossRef]

	



Sabry, A.H.; Ker, P.J. DC Environment for a refrigerator with variable speed compressor; Power consumption profile and performance comparison. IEEE Access 2020, 8, 147973–147982. [Google Scholar] [CrossRef]

	



Xu, Y.; Tan, Z.; Guo, L.; Zhao, Y.; Wu, J. An optimal dispatching method with multi-microgrid for flexible medium voltage DC distribution center. Power Syst. Prot. Control. 2019, 47, 148–158. [Google Scholar] [CrossRef]

	



Groppi, D.; Pfeifer, A.; Garcia, D.A.; Krajačić, G.; Duić, N. A review on energy storage and demand side management solutions in smart energy islands. Renew. Sustain. Energy Rev. 2021, 135, 110183. [Google Scholar] [CrossRef]

	



Kaspar, K.; Ouf, M.; Eicker, U. A critical review of control schemes for demand-side energy management of building clusters. Energy Build. 2022, 257, 111731. [Google Scholar] [CrossRef]

	



Mariano-Hernández, D.; Hernández-Callejo, L.; Zorita-Lamadrid, A.; Duque-Pérez, O.; García, F.S. A review of strategies for building energy management system: Model predictive control, demand side management, optimization, and fault detect & diagnosis. J. Build. Eng. 2021, 33, 101692. [Google Scholar] [CrossRef]

	



Uddin, M.; Romlie, M.F.; Abdullah, M.F.; Halim, S.A.; Kwang, T.C. A review on peak load shaving strategies. Renew. Sustain. Energy Rev. 2018, 82, 3323–3332. [Google Scholar] [CrossRef]

	



Melodi, A.O.; Oyeleye, O.M. Modeling of lightning strike events, and it’s correlational with power outages in south-west coast, nigeria. Int. J. Electr. Comput. Eng. (IJECE) 2017, 7, 3262–3270. [Google Scholar] [CrossRef]

	



Rawi, I.M.; Kadir, M.Z.A.A.; Izadi, M. Seasonal variation of transmission line outages in peninsular Malaysia. Pertanika J. Sci. Technol. 2017, 25, 213–220. [Google Scholar]

	



Sindiramutty, S.R.; Eng, C.; Ping, S. Priority based energy distribution for off-grid rural electrification. Int. J. Adv. Comput. Sci. Appl. 2020, 11, 110354. [Google Scholar] [CrossRef]

	



Shield, S.A.; Quiring, S.M.; Pino, J.V.; Buckstaff, K. Major impacts of weather events on the electrical power delivery system in the United States. Energy 2021, 218, 119434. [Google Scholar] [CrossRef]

	



Campbell, R.J. Weather-related power outages and electric system resiliency specialist in energy policy weather-related power outages and electric system resiliency. In CRS Report for Congress; Library of Congress, Congressional Research Service: Washington, DC, USA, 2012. [Google Scholar]

	



Campbell, R.J. Weather-related power outages and electric system resiliency. In The Transformation of Electrical Power: Key Issues; Library of Congress, Congressional Research Service: Washington, DC, USA, 2013. [Google Scholar]

	



Xu, J.; Yao, R.; Qiu, F. Mitigating cascading outages in severe weather using simulation-based optimization. IEEE Trans. Power Syst. 2021, 36, 204–213. [Google Scholar] [CrossRef]

	



Wang, Z.; Hong, T.; Li, H. Informing the planning of rotating power outages in heat waves through data analytics of connected smart thermostats for residential buildings. Environ. Res. Lett. 2021, 16, 074003. [Google Scholar] [CrossRef]

	



Yum, S.-G.; Son, K.; Son, S.; Kim, J.-M. Identifying risk indicators for natural hazard-related power outages as a component of risk assessment: An analysis using power outage data from hurricane irma. Sustainability 2020, 12, 7702. [Google Scholar] [CrossRef]

	



Chen, F.; Li, F.; Wei, Z.; Sun, G.; Li, J. Reliability models of wind farms considering wind speed correlation and WTG outage. Electr. Power Syst. Res. 2015, 119, 385–392. [Google Scholar] [CrossRef]

	



Portante, E.C.; Folga, S.F.; Kavicky, J.A.; Malone, L.T. Simulation of the 8 September 2011, San Diego blackout. In Proceedings of the Winter Simulation Conference 2014, Savannah, GA, USA, 7–10 December 2014; pp. 1527–1538. [Google Scholar] [CrossRef]

	



Fan, X.; Agrawal, U.; Davis, S.; O’Brien, J.; Etingov, P.; Nguyen, T.; Makarov, Y.; Samaan, N. Bulk electric system protection model demonstration with 2011 southwest blackout in DCAT. In Proceedings of the 2020 IEEE Power & Energy Society General Meeting (PESGM), Montreal, QC, Canada, 2–6 August 2020; pp. 1–5. [Google Scholar] [CrossRef]

	



Lin, W.; Tang, Y.; Sun, H.; Guo, Q.; Zhao, H.; Zeng, B. Blackout in Brazil power grid on February 4, 2011 and inspirations for stable operation of power grid. Autom. Electr. Power Syst. 2011, 35, 1–9. [Google Scholar]

	



Liu, Y.; Shu, Z.; Cheng, X.; Zhang, S. Analyzing the principle of protection through the blackout in Brazil power grid on February 4. Autom. Electr. Power Syst. 2011, 35. Available online: https://xueshu.baidu.com/usercenter/paper/show?paperid=fa2f9925fa67c63ab96965cb56b74344&site=xueshu_se (accessed on 8 June 2023).

	



Lai, L.L.; Ramasubramanian, D.; Zhang, H.T.; Xu, F.Y.; Mishra, S.; Lai, C.S. Lessons Learned from July 2012 Indian Blackout. In Proceedings of the 9th IET International Conference on Advances in Power System Control, Operation and Management (APSCOM 2012, Hong Kong, China, 18–21 November 2012. [Google Scholar] [CrossRef]

	



Tang, Y.; Bu, G.; Yi, J. Analysis and lessons of the blackout in Indian power grid on July 30 and 31. Proc. Chin. Soc. Electr. Eng. 2012, 32, 167–174. [Google Scholar]

	



Hines, P.D.H.; Dobson, I.; Rezaei, P. Cascading power outages propagate locally in an influence graph that is not the actual grid topology. IEEE Trans. Power Syst. 2017, 32, 958–967. [Google Scholar] [CrossRef]

	



Kaiser, F.; Latora, V.; Witthaut, D. Network isolators inhibit failure spreading in complex networks. Nat. Commun. 2021, 12, 3143. [Google Scholar] [CrossRef]

	



Adnan, M.; Khan, M.G.; Amin, A.A.; Fazal, M.R.; Tan, W.-S.; Ali, M. Cascading failures assessment in renewable integrated power grids under multiple faults contingencies. IEEE Access 2021, 9, 82272–82287. [Google Scholar] [CrossRef]

	



Zhou, Z.; Shi, L. Risk assessment of power system cascading failure considering wind power uncertainty and system frequency modulation. Proc. Chin. Soc. Electr. Eng. 2021, 22, 1–12. [Google Scholar] [CrossRef]

	



Bose, D.; Chanda, C.K.; Chakrabarti, A. Complex network theory based analysis of cascading failure of electrical power transmission network against intentional attacks and outages. In Proceedings of the Michael Faraday IET International Summit 2020 (MFIIS 2020), Online, 3–4 October 2020; pp. 255–260. [Google Scholar] [CrossRef]

	



Kondrateva, O.; Myasnikova, E.; Loktionov, O. Analysis of the climatic factors influence on the overhead transmission lines reliability. Sci. J. Riga Tech. Univ. Environ. Clim. Technol. 2021, 24, 201–214. [Google Scholar] [CrossRef]

	



Yang, S.; Zhou, W.; Zhu, S.; Wang, L.; Ye, L.; Xia, X.; Li, H. Failure probability estimation of overhead transmission lines considering the spatial and temporal variation in severe weather. J. Mod. Power Syst. Clean Energy 2019, 7, 131–138. [Google Scholar] [CrossRef]

	



Guo, L.; Liang, C.; Zocca, A.; Low, S.H.; Wierman, A. Line failure localization of power networks part II: Cut set outages. IEEE Trans. Power Syst. 2021, 36, 4152–4160. [Google Scholar] [CrossRef]

	



Moghavvemi, M.; Faruque, M. Power system security and voltage collapse: A line outage based indicator for prediction. Int. J. Electr. Power Energy Syst. 1999, 21, 455–461. [Google Scholar] [CrossRef]

	



Ravindra, S.; Reddy, V.; Sivanagaraju, S. Power system security analysis under transmission line outage condition. IJIREEICE 2015, 3, 46–50. [Google Scholar] [CrossRef]

	



Kutjuns, A.; Kovalenko, S.; Zemite, L.; Zbanovs, A. Analysis of faults impact on gas and electricity systems. In Proceedings of the 2018 19th International Scientific Conference on Electric Power Engineering (EPE), Brno, Czech Republic, 16–18 May 2018; pp. 1–5. [Google Scholar] [CrossRef]

	



Hibti, M.; Vasseur, D. A declarative approach for risk outage management. In Proceedings of the 10th International Conference on Probabilistic Safety Assessment and Management 2010, PSAM 2010, Seattle, WA, USA, 7–11 June 2010. [Google Scholar]

	



Kataoka, T.; Shitsukawa, M.; Tajimi, A. Improvement in coordinated restoration operation skills covering more than one area (Developing a power system operation training simulator that precisely reproduces electrical phenomena). In Proceedings of the 44th International Conference on Large High Voltage Electric Systems 2012, Paris, France, 25–30 August 2012. [Google Scholar]

	



Zhang, Z.; Huang, S.; Liu, F.; Mei, S. Pattern analysis of topological attacks in cyber-physical power systems considering cascading outages. IEEE Access 2020, 8, 134257–134267. [Google Scholar] [CrossRef]

	



Chung, H.-M.; Li, W.-T.; Yuen, C.; Chung, W.-H.; Zhang, Y.; Wen, C.-K. Local cyber-physical attack for masking line outage and topology attack in smart grid. IEEE Trans. Smart Grid 2019, 10, 4577–4588. [Google Scholar] [CrossRef]

	



Sifat, M.H.; Choudhury, S.M.; Das, S.K.; Ahamed, H.; Muyeen, S.; Hasan, M.; Ali, F.; Tasneem, Z.; Islam, M.; Islam, R.; et al. Towards electric digital twin grid: Technology and framework review. Energy AI 2023, 11, 100213. [Google Scholar] [CrossRef]

	



Obar, E.A.; Touati, A.; Adekanle, O.S.; Agajelu, B.; Moulebe, L.P.; Rabbah, N. Navigating the prevailing challenges of the nigerian power sector. WSEAS Trans. Power Syst. 2022, 17, 234–243. [Google Scholar] [CrossRef]

	



McCreight, R. Grid collapse security, stability and vulnerability issues: Impactful issues affecting nuclear power plants, chemical plants and natural gas supply systems. J. Homel. Secur. Emerg. Manag. 2019, 16, 20180021. [Google Scholar] [CrossRef]

	



Sullivan, J.E.; Kamensky, D. How cyber-attacks in Ukraine show the vulnerability of the U.S. power grid. Electr. J. 2017, 30, 30–35. [Google Scholar] [CrossRef]

	



Brezhniev, E.; Ivanchenko, O. NPP-smart grid mutual safety and cyber security assurance. In Research Anthology on Smart Grid and Microgrid Development; IGI Global: Hershey, PA, USA, 2022; pp. 1047–1077. [Google Scholar] [CrossRef]

	



Tippachon, W.; Kwansawaitham, A.; Klairuang, N.; Rerkpreedapong, D.; Hokierti, J. Failure analysis of power distribution systems in Thailand. In Proceedings of the 2006 International Conference on Power System Technology, Chongqing, China, 22–26 October 2006; pp. 1–5. [Google Scholar] [CrossRef]

	



Parshall, L.; Pillai, D.; Mohan, S.; Sanoh, A.; Modi, V. National electricity planning in settings with low pre-existing grid coverage: Development of a spatial model and case study of Kenya. Energy Policy 2009, 37, 2395–2410. [Google Scholar] [CrossRef]

	



Zohrabian, A.; Sanders, K.T. The energy trade-offs of transitioning to a locally sourced water supply portfolio in the city of Los Angeles. Energies 2020, 13, 5589. [Google Scholar] [CrossRef]

	



Masood, B.; Guobing, S.; Nebhen, J.; Rehman, A.U.; Iqbal, M.N.; Rasheed, I.; Bajaj, M.; Shafiq, M.; Hamam, H. Investigation and field measurements for demand side management control technique of smart air conditioners located at residential, commercial, and industrial sites. Energies 2022, 15, 2482. [Google Scholar] [CrossRef]

	



Asogwa, B.E. Electronic government as a paradigm shift for efficient public services. Libr. Hi Tech 2013, 31, 141–159. [Google Scholar] [CrossRef]

	



Abdullateef, A.; Sulaiman, A.; Issa, A.; Zakariyya, S. Design and implementation of a cloud-based load monitoring scheme for electricity theft detection on a conventional grid. Jordan J. Electr. Eng. 2022, 8, 322–338. [Google Scholar] [CrossRef]

	



HaesAlhelou, H.; Hamedani-Golshan, M.E.; Njenda, T.C.; Siano, P. A survey on power system blackout and cascading events: Research motivations and challenges. Energies 2019, 12, 682. [Google Scholar] [CrossRef]

	



Kumar, N.M.; Ghosh, A.; Chopra, S.S. Power resilience enhancement of a residential electricity user using photovoltaics and a battery energy storage system under uncertainty conditions. Energies 2020, 13, 4193. [Google Scholar] [CrossRef]

	



Suhono, S.; Sarjiya, S.; Hadi, S.P. Electricity demand and supply planning analysis for sumatera interconnection system using integrated resources planning approach. J. Ilm. Tek. Elektro Komput. Dan Inform. 2019, 5, 16–25. [Google Scholar] [CrossRef]

	



Chen, B.; Xiang, K.; Yang, L.; Su, Q.; Huang, D.; Huang, T. Theoretical line loss calculation of distribution network based on the integrated electricity and line loss management system. In Proceedings of the 2018 China International Conference on Electricity Distribution (CICED), Tianjin, China, 17–19 September 2018; pp. 2531–2535. [Google Scholar] [CrossRef]

	



Feng, S.; Licheng, Y.; Zhitong, G.; Yanhong, C. Reactive power optimization compensation of line losses calculation in rural areas. In Proceedings of the 2018 Chinese Control and Decision Conference (CCDC), Shenyang, China, 9–11 June 2018; pp. 6458–6463. [Google Scholar] [CrossRef]

	



Al-Mahroqi, Y.; Metwally, I.A.; Al-Hinai, A.; Al-Badi, A. Reduction of power losses in distribution systems. Int. J. Electr. Comput. Energetic Electron. Commun. Eng. 2012, 6, 315–322. [Google Scholar]

	



Hamzaoğlu, A.; Erduman, A.; Alçı, M. Reduction of distribution system losses using solar energy cooperativity by home user. Ain Shams Eng. J. 2021, 12, 3737–3745. [Google Scholar] [CrossRef]

	



Nguyen, T.T.; Dinh, B.H.; Pham, T.D.; Nguyen, T.T. Active power loss reduction for radial distribution systems by placing capacitors and PV systems with geography location constraints. Sustainability 2020, 12, 7806. [Google Scholar] [CrossRef]

	



Yang, N.-C.; Zeng, Y.-L.; Chen, T.-H. Assessment of voltage imbalance improvement and power loss reduction in residential distribution systems in Taiwan. Mathematics 2021, 9, 3254. [Google Scholar] [CrossRef]

	



Navani, P.J. Technical and non-technical losses in power system and its economic consequences in indian economy. Int. J. Electron. Comput. Sci. Eng. (IJESCE) 2009, 1, 757–761. [Google Scholar]

	



Chauhan, A.; Rajvanshi, S. Non-technical losses in power system: A review. In Proceedings of the 2013 International Conference on Power, Energy and Control (ICPEC), Dindigul, India, 6–8 February 2013; pp. 558–561. [Google Scholar] [CrossRef]

	



Komolafe, O.; Udofia, K. Review of electrical energy losses in Nigeria. Niger. J. Technol. 2020, 39, 246–254. [Google Scholar] [CrossRef]

	



Ahmad, T. Non-technical loss analysis and prevention using smart meters. Renew. Sustain. Energy Rev. 2017, 72, 573–589. [Google Scholar] [CrossRef]

	



Blazakis, K.V.; Kapetanakis, T.N.; Stavrakakis, G.S. Effective electricity theft detection in power distribution grids using an adaptive neuro fuzzy inference system. Energies 2020, 13, 3110. [Google Scholar] [CrossRef]

	



Rodrigo, A.S.; Gunatillaka, M.D.P.R. An effective method of segregation of losses in distribution systems. Eng. J. Inst. Eng. Sri Lanka 2019, 52, 1–14. [Google Scholar] [CrossRef]

	



Xiao, H.; Lin, C.; Kou, G.; Peng, R. Reliability modeling and configuration optimization of a photovoltaic based electric power generation system. Reliab. Eng. Syst. Saf. 2022, 220, 108285. [Google Scholar] [CrossRef]

	



Yin, S.-A.; Lu, C.-N. Distribution feeder scheduling considering variable load profile and outage costs. IEEE Trans. Power Syst. 2009, 24, 652–660. [Google Scholar] [CrossRef]

	



Singh, B.; Gyanish, B.J. Impact assessment of DG in distribution systems from minimization of total real power loss viewpoint by using optimal power flow algorithms. Energy Rep. 2018, 4, 407–417. [Google Scholar] [CrossRef]

	



Rajendran, A.; Narayanan, K. Optimal multiple installation of DG and capacitor for energy loss reduction and loadability enhancement in the radial distribution network using the hybrid WIPSO–GSA algorithm. Int. J. Ambient. Energy 2020, 41, 129–141. [Google Scholar] [CrossRef]

	



Mello, J.; Pereira, M.; da Silva, A.L. Evaluation of reliability worth in composite systems based on pseudo-sequential Monte Carlo simulation. IEEE Trans. Power Syst. 1994, 9, 1318–1326. [Google Scholar] [CrossRef]

	



Srividhya, P.; Mounika, K.; Kirithikaa, S.; Narayanan, K.; Sharma, G.; Girish Ganesan, R.; Senjyu, T. Reliability improvement of radial distribution system by reconfiguration. Adv. Sci. Technol. Eng. Syst. J. 2020, 5, 472–480. [Google Scholar] [CrossRef]

	



Subcommittee, D. IEEE guide for electric power distribution reliability indices. Distribution 2012, 1997, 1–43. [Google Scholar]

	



Kim, S.-Y.; Kim, J.-O. Reliability evaluation of distribution network with DG considering the reliability of protective devices affected by SFCL. IEEE Trans. Appl. Supercond. 2011, 21, 3561–3569. [Google Scholar] [CrossRef]

	



Rusin, A.; Wojaczek, A. Trends of changes in the power generation system structure and their impact on the system reliability. Energy 2015, 92, 128–134. [Google Scholar] [CrossRef]

	



IEEE Std 1012-1998; IEEE Standard for Software Verification and Validation. IEEE Institute of Electrical and Electronics Engineers: NewYork, NY, USA, 1998.

	



Kim, H.; Sioshansi, R.; Lannoye, E.; Ela, E. A stochastic-dynamic-optimization approach to estimating the capacity value of energy storage. IEEE Trans. Power Syst. 2022, 37, 1809–1819. [Google Scholar] [CrossRef]

	



Menaem, A.A.; Valiev, R.; Oboskalov, V.; Hassan, T.S.; Rezk, H.; Ibrahim, M.N. An efficient framework for adequacy evaluation through extraction of rare load curtailment events in composite power systems. Mathematics 2020, 8, 2021. [Google Scholar] [CrossRef]

	



Madhura, S. Energy management system for domestic applications. J. Electr. Eng. Autom. 2022, 4, 220–230. [Google Scholar] [CrossRef]

	



Schröder, T.; Kuckshinrichs, W. Value of lost load: An efficient economic indicator for power supply security? A literature review. Front. Energy Res. 2015, 3, 55. [Google Scholar] [CrossRef]

	



Majchrzak, D.; Michalski, K.; Reginia-Zacharski, J. Readiness of the polish crisis management system to respond to long-term, large-scale power shortages and failures (blackouts). Energies 2021, 14, 8286. [Google Scholar] [CrossRef]

	



Thomas, D.; Fung, J. Measuring downstream supply chain losses due to power disturbances. Energy Econ. 2022, 114, 106314. [Google Scholar] [CrossRef]

	



Pasha, H.A.; Saleem, W. The impact and cost of power load shedding to domestic consumers. Pak. Dev. Rev. 2013, 52, 355–373. [Google Scholar] [CrossRef]

	



Ebrahimi, H.; Abapour, M.; Mohammadi-Ivatloo, B.; Golshannavaz, S. Security constrained optimal power flow in a power system based on energy storage system with high wind penetration. Sci. Iran. 2020, 29, 1475–1485. [Google Scholar] [CrossRef]

	



Safdar, M.; Hussain, G.A.; Lehtonen, M. Costs of demand response from residential customers’ perspective. Energies 2019, 12, 1617. [Google Scholar] [CrossRef]

	



Bateman, I.J.; Burgess, D.; Hutchinson, W.G.; Matthews, D.I. Learning design contingent valuation (LDCV): NOAA guidelines, preference learning and coherent arbitrariness. J. Environ. Econ. Manag. 2008, 55, 127–141. [Google Scholar] [CrossRef]

	



Pasha, H.A.; Ghaus, A.; Malik, S. The economic cost of power outages in the industrial sector of Pakistan. Energy Econ. 1989, 11, 301–318. [Google Scholar] [CrossRef]

	



Baloch, M.H.; Chauhdary, S.T.; Ishak, D.; Kaloi, G.S.; Nadeem, M.H.; Wattoo, W.A.; Younas, T.; Hamid, H.T. Hybrid energy sources status of Pakistan: An optimal technical proposal to solve the power crises issues. Energy Strat. Rev. 2019, 24, 132–153. [Google Scholar] [CrossRef]

	



Li, L.; Ji, L.; Zhang, Y.; Sun, W.; An, X.; Tu, J.; He, J.; Zhou, Q.; Jiang, H. Preliminary analysis and lessons of blackout in pakistan power grid on January 9. Power Syst. Technol. 2022, 46, 655–661. [Google Scholar] [CrossRef]

	



Al-Shetwi, A.Q.; Hannan, M.A.; Abdullah, M.A.; Rahman, M.S.A.; Ker, P.J.; Alkahtani, A.A.; Mahlia, T.M.I.; Muttaqi, K.M. Utilization of renewable energy for power sector in yemen: Current status and potential capabilities. IEEE Access 2021, 9, 79278–79292. [Google Scholar] [CrossRef]

	



Al-Bashiri, M. Impacts of the War on the Telecommunications Sector in Yemen. Rethink. Yemen’s Econ. 2021. Available online: https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Impacts+of+the+war+on+the+telecommunications+sector+in+yemen&btnG= (accessed on 8 June 2023).

	



Timilsina, G.; Steinbuks, J. Economic costs of electricity load shedding in Nepal. Renew. Sustain. Energy Rev. 2021, 146, 111112. [Google Scholar] [CrossRef]

	



Hashemi, M.; Jenkins, G.P.; Jyoti, R.; Ozbafli, A. Evaluating the cost to industry of electricity outages. Energy Sources, Part B Econ. Planning, Policy 2018, 13, 340–349. [Google Scholar] [CrossRef]

	



Hashemi, M. The economic value of unsupplied electricity: Evidence from Nepal. Energy Econ. 2021, 95, 105124. [Google Scholar] [CrossRef]

	



Apenteng, B.A.; Opoku, S.T.; Ansong, D.; Akowuah, E.A.; Afriyie-Gyawu, E. The effect of power outages on in-facility mortality in healthcare facilities: Evidence from Ghana. Glob. Public Health 2018, 13, 545–555. [Google Scholar] [CrossRef]

	



Twerefou, D.K. Willingness to pay for improved electricity supply in ghana. Mod. Econ. 2014, 5, 489–498. [Google Scholar] [CrossRef]

	



Merem, E.C.; Twumasi, Y.; Wesley, J.; Isokpehi, P.; Fageir, S.; Crisler, M.; Romorno, C.; Hines, A.; Ochai, G.S.; Leggett, S.; et al. Assessing renewable energy use in ghana: The case of the electricity sector. Energy Power 2018, 8, 16–34. [Google Scholar] [CrossRef]

	



Emenike, D. A Qualitative Case Study of Nigeria Electric Power Outage and Its Economic Consequence. ProQuest Dissertations and Theses. 2016. Available online: https://www.proquest.com/openview/6d308d7a1d5db3b7e994b94fafd860ab/1?pq-origsite=gscholar&cbl=18750 (accessed on 8 June 2023).

	



Amadi, H.N. Power outages in Portharcourt city: Problems and solutions. IOSR J. Electr. Electron. Eng. Ver. III. 2015, 10, 59–66. [Google Scholar]

	



Akuru, U.B.; Okoro, O.I. Economic implications of constant power outages on SMEs in Nigeria. J. Energy S. Afr. 2014, 25, 61–66. [Google Scholar] [CrossRef]

	



Airoboman, A.E.; Amaize, P.A.; Ibhaze, A.E.; Ayo, O.O. Economic implication of power outage in Nigeria: An industrial review. Int. J. Appl. Eng. Res. 2016, 11, 4930–4933. [Google Scholar]

	



Moyo, B. Power infrastructure quality and manufacturing productivity in Africa: A firm level analysis. Energy Policy 2013, 61, 1063–1070. [Google Scholar] [CrossRef]

	



Arlet, J. Electricity Sector Constraints for Firms Across Economies: A Comparative Analysis. Doing Business Research Notes, World Bank Malaysia Hub. 2017. Available online: https://documents1.worldbank.org/curated/en/409771499690745091/pdf/Electricity-sector-constraints-for-firms-across-economies-a-comparative-analysis.pdf (accessed on 8 June 2023).

	



The Biggest Losers Worldwide from Power Outages/Generac Power Systems. (n.d.). Available online: https://www.generac.com/be-prepared/power-outages/power-outage-financial-losses (accessed on 5 March 2023).

	



Amin, M.; Bernell, D. Power sector reform in Afghanistan: Barriers to achieving universal access to electricity. Energy Policy 2018, 123, 72–82. [Google Scholar] [CrossRef]

	



How to Solve Iraq’s Hellishly Hot Power Crisis–DW–07/08/2021. (n.d.). Available online: https://www.dw.com/en/why-are-iraqs-electricity-issues-so-hard-to-solve/a-58189500 (accessed on 9 March 2023).

	



Oil-Rich IRAQ Grapples with Power Outages for 30 years. (n.d.). Available online: https://www.aa.com.tr/en/middle-east/oil-rich-iraq-grapples-with-power-outages-for-30-years/2297835 (accessed on 9 March 2023).

	



Power Outages in Firms in a Typical Month (Number)/Data. (n.d.). Available online: https://data.worldbank.org/indicator/IC.ELC.OUTG (accessed on 1 June 2023).

	



Power Outages in Firms in a Typical Month. 2020. (n.d.) Available online: https://ourworldindata.org/grapher/power-outages-in-firms-per-month (accessed on 9 March 2023).

	



Gelazanskas, L.; Gamage, K.A. Demand side management in smart grid: A review and proposals for future direction. Sustain. Cities Soc. 2014, 11, 22–30. [Google Scholar] [CrossRef]

	



Behrangrad, M. A review of demand side management business models in the electricity market. Renew. Sustain. Energy Rev. 2015, 47, 270–283. [Google Scholar] [CrossRef]

	



Eissa, M. Demand side management program evaluation based on industrial and commercial field data. Energy Policy 2011, 39, 5961–5969. [Google Scholar] [CrossRef]

	



Warren, P. A review of demand-side management policy in the UK. Renew. Sustain. Energy Rev. 2014, 29, 941–951. [Google Scholar] [CrossRef]

	



Lampropoulos, I.; Kling, W.L.; Ribeiro, P.F.; Berg, J.V.D. History of demand side management and classification of demand response control schemes. In Proceedings of the 2013 IEEE Power & Energy Society General Meeting, Vancouver, BC, Canada, 21–25 July 2013. [Google Scholar]

	



Pattanaik, P.A.; Sahoo, N.; Mishra, S. Demand side management in smart grid: A laboratory-based educational perspective. Int. J. Electr. Eng. Educ. 2021, 58, 331–356. [Google Scholar] [CrossRef]

	



Albadi, M.H.; El-Saadany, E.F. Demand response in electricity markets: An overview. In Proceedings of the 2007 IEEE Power Engineering Society General Meeting, Tampa, FL, USA, 24–28 June 2007; pp. 1–5. [Google Scholar] [CrossRef]

	



Palensky, P.; Dietrich, D. Demand side management: Demand response, intelligent energy systems, and smart loads. IEEE Trans. Ind. Informatics 2011, 7, 381–388. [Google Scholar] [CrossRef]

	



Bjarghov, S.; Loschenbrand, M.; Ibn Saif, A.U.N.; Pedrero, R.A.; Pfeiffer, C.; Khadem, S.K.; Rabelhofer, M.; Revheim, F.; Farahmand, H. Developments and challenges in local electricity markets: A comprehensive review. IEEE Access 2021, 9, 58910–58943. [Google Scholar] [CrossRef]

	



Atia, R.; Yamada, N. Sizing and analysis of renewable energy and battery systems in residential microgrids. IEEE Trans. Smart Grid 2016, 7, 1204–1213. [Google Scholar] [CrossRef]

	



Tang, W.; Bi, S.; Zhang, Y.J. Online charging scheduling algorithms of electric vehicles in smart grid: An overview. IEEE Commun. Mag. 2016, 54, 76–83. [Google Scholar] [CrossRef]

	



Calvillo, C.; Sánchez-Miralles, A.; Villar, J. Energy management and planning in smart cities. Renew. Sustain. Energy Rev. 2016, 55, 273–287. [Google Scholar] [CrossRef]

	



Debnath, R.; Kumar, D.; Mohanta, D.K. Effective demand side management (DSM) strategies for the deregulated market envioronments. In Proceedings of the 2017 Conference on Emerging Devices and Smart Systems (ICEDSS), Mallasamudram, India, 3–4 March 2017; pp. 110–115. [Google Scholar] [CrossRef]

	



Rocha, H.R.; Honorato, I.H.; Fiorotti, R.; Celeste, W.C.; Silvestre, L.J.; Silva, J.A. An Artificial Intelligence based scheduling algorithm for demand-side energy management in Smart Homes. Appl. Energy 2021, 282, 116145. [Google Scholar] [CrossRef]

	



Wang, Y.; Liu, L.; Wennersten, R.; Sun, Q. Peak shaving and valley filling potential of energy management system in high-rise residential building. Energy Procedia 2019, 158, 6201–6207. [Google Scholar] [CrossRef]

	



Ioakimidis, C.S.; Thomas, D.; Rycerski, P.; Genikomsakis, K.N. Peak shaving and valley filling of power consumption profile in non-residential buildings using an electric vehicle parking lot. Energy 2018, 148, 148–158. [Google Scholar] [CrossRef]

	



Agamah, S.U.; Ekonomou, L. Peak demand shaving and load-levelling using a combination of bin packing and subset sum algorithms for electrical energy storage system scheduling. IET Sci. Meas. Technol. 2016, 10, 477–484. [Google Scholar] [CrossRef]

	



Buja, G.; Bertoluzzo, M.; Fontana, C. Reactive power compensation capabilities of V2G-enabled electric vehicles. IEEE Trans. Power Electron. 2017, 32, 9447–9459. [Google Scholar] [CrossRef]

	



Jabir, H.J.; Teh, J.; Ishak, D.; Abunima, H. Impacts of demand-side management on electrical power systems: A review. Energies 2018, 11, 1050. [Google Scholar] [CrossRef]

	



Bhatt, P.; Long, C.; Saiyad, M. Review of the impact of vehicle-to-grid schemes on electrical power systems. In Advances in Electric Power and Energy Infrastructure; Lecture Notes in Electrical Engineering; Springer: Cham, Switzerland, 2020; pp. 199–208. [Google Scholar] [CrossRef]

	



Balasubramanian, S.; Balachandra, P. Characterising electricity demand through load curve clustering: A case of Karnataka electricity system in India. Comput. Chem. Eng. 2021, 150, 107316. [Google Scholar] [CrossRef]

	



Masike, O. A literature review on demand side and energy efficient management. Int. J. Curr. Trends Eng. Res. 2016, 2, 131–137. [Google Scholar]

	



Kagiannas, A.G.; Didis, T.; Askounis, D.T.; Psarras, J. Strategic appraisal of energy models for Mozambique. Int. J. Energy Res. 2003, 27, 173–186. [Google Scholar] [CrossRef]

	



Gärttner, J.; Flath, C.M.; Weinhardt, C. Portfolio and contract design for demand response resources. Eur. J. Oper. Res. 2018, 266, 340–353. [Google Scholar] [CrossRef]

	



Luo, T.; Ault, G.; Galloway, S. Demand side management in a highly decentralized energy future. In Proceedings of the Universities Power Engineering Conference (UPEC), 2010 45th International, Cardiff, UK, 31 August–3 September 2010. [Google Scholar]

	



Sharma, A.K.; Saxena, A. A demand side management control strategy using Whale optimization algorithm. SN Appl. Sci. 2019, 1, 870. [Google Scholar] [CrossRef]

	



Gellings, C. The concept of demand-side management for electric utilities. Proc. IEEE 1985, 73, 1468–1470. [Google Scholar] [CrossRef]

	



Arteconi, A.; Polonara, F. Assessing the demand side management potential and the energy flexibility of heat pumps in buildings. Energies 2018, 11, 1846. [Google Scholar] [CrossRef]

	



Ramesh, M.; Saini, R.P. Demand Side Management based techno-economic performance analysis for a stand-alone hybrid renewable energy system of India. Energy Sources Part A Recover. Util. Environ. Eff. 2020, 1–29. [Google Scholar] [CrossRef]

	



Tapsuwan, S.; Peña-Arancibia, J.L.; Lazarow, N.; Albisetti, M.; Zheng, H.; Rojas, R.; Torres-Alferez, V.; Chiew, F.H.; Hopkins, R.; Penton, D.J. A benefit cost analysis of strategic and operational management options for water management in hyper-arid southern Peru. Agric. Water Manag. 2022, 265, 107518. [Google Scholar] [CrossRef]

	



Peng, P.; Li, Y.; Li, D.; Guan, Y.; Yang, P.; Hu, Z.; Zhao, Z.; Liu, D. Optimized economic operation strategy for distributed energy storage with multi-profit mode. IEEE Access 2021, 9, 8299–8311. [Google Scholar] [CrossRef]

	



Anwar, M.B.; Qazi, H.W.; Burke, D.J.; O’Malley, M.J. Harnessing the flexibility of demand-side resources. IEEE Trans. Smart Grid 2019, 10, 4151–4163. [Google Scholar] [CrossRef]

	



Tong, Z.; Cheng, Z.; Tong, S. A review on the development of compressed air energy storage in China: Technical and economic challenges to commercialization. Renew. Sustain. Energy Rev. 2021, 135, 110178. [Google Scholar] [CrossRef]

	



Ly, A.; Bashash, S. Fast transactive control for frequency regulation in smart grids with demand response and energy storage. Energies 2020, 13, 4771. [Google Scholar] [CrossRef]

	



Ding, Y.; Xu, Q.; Xia, Y.; Zhao, J.; Yuan, X.; Yin, J. Optimal dispatching strategy for user-side integrated energy system considering multiservice of energy storage. Int. J. Electr. Power Energy Syst. 2021, 129, 106810. [Google Scholar] [CrossRef]

	



Longe, O.M.; Ouahada, K.; Rimer, S.; Ferreira, H.C.; Vinck, A.J.H. Distributed optimisation algorithm for demand side management in a grid-connected smart microgrid. Sustainability 2017, 9, 1088. [Google Scholar] [CrossRef]

	



Diller, J.; Idowu, P.; Khazaei, J. Load-Leveling Trainer for Demand Side Management on a 45kW Cyber-Physical Microgrid. In Proceedings of the 2020 IEEE Texas Power and Energy Conference (TPEC), College Station, TX, USA, 6–7 February 2020; pp. 1–6. [Google Scholar] [CrossRef]

	



Puttamadappa, C.; Parameshachari, B.D. Demand side management of small scale loads in a smart grid using glow-worm swarm optimization technique. Microprocess. Microsystems 2019, 71, 102886. [Google Scholar] [CrossRef]

	



Martinez-Godoy, J.L.; Martell-Chavez, F.; Sanchez-Chavez, I.Y.; Castillo-Velasquez, F.A.; Torres-Falcon, M.D.C.P. A peak demand control algorithm for multiple controllable loads in industrial processes. IEEE Access 2021, 9, 116315–116325. [Google Scholar] [CrossRef]

	



Mediwaththe, C.P.; Stephens, E.R.; Smith, D.B.; Mahanti, A. A dynamic game for electricity load management in neighborhood area networks. IEEE Trans. Smart Grid 2016, 7, 1329–1336. [Google Scholar] [CrossRef]

	



Logenthiran, T.; Srinivasan, D.; Vanessa, K.W.M. Demand side management of smart grid: Load shifting and incentives. J. Renew. Sustain. Energy 2014, 6, 033136. [Google Scholar] [CrossRef]

	



Li, C.; Yu, X.; Yu, W.; Chen, G.; Wang, J. Efficient computation for sparse load shifting in demand side management. IEEE Trans. Smart Grid 2017, 8, 250–261. [Google Scholar] [CrossRef]

	



Sharda, S.; Singh, M.; Sharma, K. Demand side management through load shifting in IoT based HEMS: Overview, challenges and opportunities. Sustain. Cities Soc. 2021, 65, 102517. [Google Scholar] [CrossRef]

	



Zeeshan, M.; Jamil, M. Adaptive moth flame optimization based load shifting technique for demand side management in smart grid. IETE J. Res. 2022, 68, 778–789. [Google Scholar] [CrossRef]

	



Jamil, M.; Mittal, S. Hourly load shifting approach for demand side management in smart grid using grasshopper optimisation algorithm. IET Gener. Transm. Distrib. 2020, 14, 808–815. [Google Scholar] [CrossRef]

	



Fernandez, J.M.R.; Payan, M.B.; Santos, J.M.R. The merit-order effect of load-shifting: An estimate for the spanish market. Sci. J. Riga Tech. Univ. Environ. Clim. Technol. 2020, 24, 43–57. [Google Scholar] [CrossRef]

	



Sathiya, S. Demand side management of renewable energy integrated smart grid using load shifting techniques. J. Crit. Rev. 2020, 3193–3199. [Google Scholar] [CrossRef]

	



Hirmiz, R.; Teamah, H.; Lightstone, M.; Cotton, J. Performance of heat pump integrated phase change material thermal storage for electric load shifting in building demand side management. Energy Build. 2019, 190, 103–118. [Google Scholar] [CrossRef]

	



López, M.A.; de la Torre, S.; Martín, S.; Aguado, J.A. Demand-side management in smart grid operation considering electric vehicles load shifting and vehicle-to-grid support. Int. J. Electr. Power Energy Syst. 2015, 64, 689–698. [Google Scholar] [CrossRef]

	



Mohamed, A.; Khan, M.T. A review of electrical energy management techniques: Supply and consumer side (industries). J. Energy S. Afr. 2009, 20, 14–21. [Google Scholar] [CrossRef]

	



Tutkun, N.; Ungoren, F.; Alpagut, B. Improved load shifting and valley filling strategies in demand side management in a nano scale off-grid wind-PV system in remote areas. In Proceedings of the 2017 IEEE 14th International Conference on Networking, Sensing and Control (ICNSC), Calabria, Italy, 16–18 May 2017; pp. 13–18. [Google Scholar] [CrossRef]

	



Shi, P.; Li, Y.; Chen, Z.; Shu, J.; Hu, X. Economic benefit assessment of multi-type flexible demand side resources paticipating in valley-filling market. In Proceedings of the 2020 IEEE/IAS Industrial and Commercial Power System Asia (I&CPS Asia), Weihai, China, 13–15 July 2020; pp. 227–233. [Google Scholar] [CrossRef]

	



Zhu, M.; Ji, Y.; Ju, W.; Gu, X.; Liu, C.; Xu, Z. A business service model of smart home appliances participating in the peak shaving and valley filling based on cloud platform. IEICE Trans. Inf. Syst. 2021, 104, 1185–1194. [Google Scholar] [CrossRef]

	



Barzkar, A.; Hosseini, S.M.H. A novel peak load shaving algorithm via real-time battery scheduling for residential distributed energy storage systems. Int. J. Energy Res. 2018, 42, 2400–2416. [Google Scholar] [CrossRef]

	



Ibrik, I. Modeling the optimum solar PV system for management of peak demand. Int. J. Energy Econ. Policy 2019, 9, 246–250. [Google Scholar] [CrossRef]

	



Arnaudo, M.; Topel, M.; Puerto, P.; Widl, E.; Laumert, B. Heat demand peak shaving in urban integrated energy systems by demand side management—A techno-economic and environmental approach. Energy 2019, 186, 115887. [Google Scholar] [CrossRef]

	



Guelpa, E.; Verda, V. Demand response and other demand side management techniques for district heating: A review. Energy 2021, 219, 119440. [Google Scholar] [CrossRef]

	



Lizondo, D.; Araujo, P.; Will, A.; Rodriguez, S. Multiagent model for distributed peak shaving system with demand-side management approach. In Proceedings of the 2017 First IEEE International Conference on Robotic Computing (IRC), Taichung, Taiwan, 10–12 April 2017; pp. 352–357. [Google Scholar] [CrossRef]

	



Ibrahim, O.; Bakare, M.S.; Amosa, T.I.; Otuoze, A.O.; Owonikoko, W.O.; Ali, E.M.; Adesina, L.M.; Ogunbiyi, O. Development of fuzzy logic-based demand-side energy management system for hybrid energy sources. Energy Convers. Manag. X 2023, 18, 100354. [Google Scholar] [CrossRef]

	



Karimi, H.; Jadid, S. Multi-layer energy management of smart integrated-energy microgrid systems considering generation and demand-side flexibility. Appl. Energy 2023, 339, 120984. [Google Scholar] [CrossRef]

	



Sharma, A.K.; Saxena, A.; Palwalia, D.K. Impact of divergence in BBO on efficient energy strategy of demand side management. Technol. Econ. Smart Grids Sustain. Energy 2022, 7, 28. [Google Scholar] [CrossRef]

	



Kalpana, D.R.; NageshaRao, S.H.; Siddaiah, R.; Mala, R. Case study on demand side management-based cost optimized battery integrated hybrid renewable energy system for remote rural electrification. Energy Storage 2022, 5, e410. [Google Scholar] [CrossRef]

	



Ullah, K.; Khan, T.A.; Hafeez, G.; Khan, I.; Murawwat, S.; Alamri, B.; Ali, F.; Ali, S.; Khan, S. Demand side management strategy for multi-objective day-ahead scheduling considering wind energy in smart grid. Energies 2022, 15, 6900. [Google Scholar] [CrossRef]

	



Yaghmaee, M.H.; Moghaddassian, M.; Leon-Garcia, A. Autonomous two-tier cloud-based demand side management approach with microgrid. IEEE Trans. Ind. Informatics 2017, 13, 1109–1120. [Google Scholar] [CrossRef]

	



Martirano, L.; Habib, E.; Parise, G.; Greco, G.; Manganelli, M.; Massarella, F.; Parise, L. Demand side management in microgrids for load control in nearly zero energy buildings. IEEE Trans. Ind. Appl. 2017, 53, 1769–1779. [Google Scholar] [CrossRef]

	



Arasteh, F.; Riahy, G.H. MPC-based approach for online demand side and storage system management in market based wind integrated power systems. Int. J. Electr. Power Energy Syst. 2019, 106, 124–137. [Google Scholar] [CrossRef]

	



Craparo, E.; Sprague, J. Integrated supply- and demand-side energy management for expeditionary environmental control. Appl. Energy 2019, 233–234, 352–366. [Google Scholar] [CrossRef]

	



Saki, R.; Kianmehr, E.; Rokrok, E.; Doostizadeh, M.; Khezri, R.; Shafie-Khah, M. Interactive Multi-level planning for energy management in clustered microgrids considering flexible demands. Int. J. Electr. Power Energy Syst. 2022, 138, 107978. [Google Scholar] [CrossRef]

	



Ahmarinejad, A. A multi-objective optimization framework for dynamic planning of energy hub considering integrated demand response program. Sustain. Cities Soc. 2021, 74, 103136. [Google Scholar] [CrossRef]

	



Deveci, K.; Güler, A. CMOPSO based multi-objective optimization of renewable energy planning: Case of Turkey. Renew. Energy 2020, 155, 578–590. [Google Scholar] [CrossRef]

	



Mohseni, S.; Brent, A.C.; Kelly, S.; Browne, W.N. Demand response-integrated investment and operational planning of renewable and sustainable energy systems considering forecast uncertainties: A systematic review. Renew. Sustain. Energy Rev. 2022, 158, 112095. [Google Scholar] [CrossRef]

	



Fan, H.; Lu, J.; Li, Z.; Shahidehpour, M.; Zhang, S. Optimal planning of integrated electricity-gas system with demand side management. IEEE Access 2019, 7, 176790–176798. [Google Scholar] [CrossRef]

	



Awan, M.M.A.; Javed, M.Y.; Asghar, A.B.; Ejsmont, K.; Rehman, Z.U. Economic integration of renewable and conventional power sources—A case study. Energies 2022, 15, 2141. [Google Scholar] [CrossRef]

	



Park, H.; Kim, J.-K.; Yi, S.C. Optimization of site utility systems for renewable energy integration. Energy 2023, 269, 126799. [Google Scholar] [CrossRef]

	



Iraq Energy Information/Enerdata. (n.d.). Available online: https://www.enerdata.net/estore/energy-market/iraq/ (accessed on 1 March 2023).

	



Statistical Review of World Energy/Energy Economics/Home. (n.d.). Available online: https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html (accessed on 15 September 2023).

	



Electricity Sector in Iraq–Wikipedia. (n.d.). Available online: https://en.wikipedia.org/wiki/Electricity_sector_in_Iraq (accessed on 15 September 2023).

	



Iraq Needs Renewables, but They Won’t Solve Its Power Problems without Broader Reforms/Middle East Institute. (n.d.). Available online: https://www.mei.edu/publications/iraq-needs-renewables-they-wont-solve-its-power-problems-without-broader-reforms (accessed on 15 September 2023).

	



UNDG Iraq Trust Fund. (n.d.). Available online: https://mptf.undp.org/fund/itf00 (accessed on 15 September 2023).

	



World Energy Outlook 2022–Analysis–IEA. (n.d.). Available online: https://www.iea.org/reports/world-energy-outlook-2022 (accessed on 15 September 2023).

	



Abu Dhabi’s Masdar Signs up for 1GW Solar In Iraq/MEES. (n.d.). Available online: https://www.mees.com/2021/10/8/corporate/abu-dhabis-masdar-signs-up-for-1gw-solar-in-iraq/0dfe37d0-282f-11ec-a09c-db0536a900e5 (accessed on 15 September 2023).

	



Heatwaves Scorch Iraq as Protracted Political Crisis Grinds on/News/Al Jazeera. (n.d.). Available online: https://www.aljazeera.com/news/2022/8/6/heatwaves-scorch-iraq-as-protracted-political-crisis-grinds-on (accessed on 15 September 2023).

	



Iraq-GCC Power Link Set For 2024, While Saudi Talks Advance. (n.d.). Available online: https://www.mees.com/2022/7/22/power-water/iraq-gcc-power-link-set-for-2024-while-saudi-talks-advance/f63f1380-09af-11ed-ba8f-c3cdbd9848c6 (accessed on 15 September 2023).

	



Iraq’s Power Sector: Problems and Prospects—Georgetown Journal of International Affairs. (n.d.). Available online: https://gjia.georgetown.edu/2020/01/13/iraqs-power-sector-problems-and-prospects/ (accessed on 18 August 2023).

	



Power outage—Wikipedia. (n.d.). Available online: https://en.wikipedia.org/wiki/Power_outage (accessed on 18 August 2023).

	



Nduhuura, P.; Garschagen, M.; Zerga, A. Impacts of Electricity Outages in Urban Households in Developing Countries: A Case of Accra, Ghana. Energies 2021, 14, 3676. [Google Scholar] [CrossRef]

	



Gillingham, K.T.; Knittel, C.R.; Li, J.; Ovaere, M.; Reguant, M. The short-run and long-run effects of COVID-19 on energy and the environment. Joule 2020, 4, 1337–1341. [Google Scholar] [CrossRef]

	



Sakah, M.; Can, S.d.l.R.d.; Diawuo, F.A.; Sedzro, M.D.; Kuhn, C. A study of appliance ownership and electricity consumption determinants in urban Ghanaian households. Sustain. Cities Soc. 2019, 44, 559–581. [Google Scholar] [CrossRef]

	



Praktiknjo, A.J.; Hähnel, A.; Erdmann, G. Assessing energy supply security: Outage costs in private households. Energy Policy 2011, 39, 7825–7833. [Google Scholar] [CrossRef]

	



Newswire, P.R. Global Demand Response (DR) Industry; Reportlinker: Lyon, France, 2016. [Google Scholar]

	



Al-Salim, K.; Andonovic, I.; Michie, C. Cyclic blackout mitigation and prevention using semi-dispatchable standby generation and stratified demand dispatch. Sustain. Energy Grids Networks 2015, 4, 29–42. [Google Scholar] [CrossRef]

	



Lv, Z.; Wang, L.; Guan, Z.; Wu, J.; Du, X.; Zhao, H.; Guizani, M. An optimizing and differentially private clustering algorithm for mixed data in SDN-based smart grid. IEEE Access 2019, 7, 45773–45782. [Google Scholar] [CrossRef]

	



Leardini, P.; Manfredini, M.; Callau, M. Energy upgrade to Passive House standard for historic public housing in New Zealand. Energy Build. 2015, 95, 211–218. [Google Scholar] [CrossRef]








[image: Sustainability 15 15001 g001] 





Figure 1. Traditional topology of a utility grid. 
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Figure 2. Classification of the power outages based on the survey of previous related studies with their references [28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72]. 
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Figure 3. Photos of a neighborhood generator distribution in Iraq. 
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Figure 4. The power outages for the first 20 countries in firms over a typical month. 
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Figure 5. Power outage in firms for Asia in a typical month for 2020 [127]. 
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Figure 6. Graphical representation for optimal load scheduling of demand-side EM strategies. 
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Figure 7. Iraqi electricity supply (a) by total primary energy consumption in 2021, and (b) by source according to the US Energy Information Administration. 
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Figure 8. The net generation and distribution losses of Iraq since 2000. 
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Figure 9. Statistical analysis of publications per year by source based on the Scopus database for the last 10 years. 
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Figure 10. Statistical analysis of publications with respect to country. 
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Figure 11. Diagram representation for the previous related work, highlighting the recommended solution. 
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Table 1. The first ten countries that are losing financially from power blackouts.






Table 1. The first ten countries that are losing financially from power blackouts.





	Country
	Potential Reasons
	Economic Lost
	Refs.





	PAKISTAN
	Many outages last up to three hours a day or longer.

High temperatures in the summer increase the number of outages.
	33.8% of sales value lost
	[105,106,107]



	YEMEN
	Tremendously frequent blackouts have many businesses investing in generation systems.
	19.7% of sales value lost
	[108,109]



	NEPAL
	Recent earthquakes have severely damaged an aging electricity grid.
	17.0% of sales value lost
	[110,111,112]



	GHANA
	The infrastructure of the country’s electricity utilities is the cause of outages.
	15.8% of sales value lost
	[113,114,115]



	NIGERIA
	The mining industry and hospitals are the most affected
	15.6% of sales value lost
	[116,117,118,119]



	TANZANIA
	Low water levels in the country’s hydroelectric dams cause blackouts as well. Attempts to update the power grid have caused blackouts for over a month.
	15.1% of sales value lost
	[120]



	SOUTH SUDAN
	Only six generators provide power to the capital city (Juba).

Power outages are due to fuel shortages.
	13.6% of sales value lost
	[121,122]



	MADAGASCAR
	Demonstrations are responsible for a large number of power outages.
	13.6% of sales value lost
	[122]



	UGANDA
	Low water levels and poor maintenance contribute to power outages.
	11.2% of sales value lost
	[120]



	AFGHANISTAN
	Lack of supplies causes a delay in repairing damaged towers.
	9.6% of sales value lost
	[123]










 





Table 2. Comparison for Demand-side EM strategies from the literature.
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	Demand Side EM
	Remarks
	Demerits
	Merits
	Features
	References





	Fixed load scheduling
	Most suitable in integrated systems with multi-tariff systems
	This may not be feasible in systems of unified tariffs such as standalone
	Good at improving the DG system’s autonomy
	A plan with rewards but no clear shapes for how the system’s dependability will change.
	[148]



	Strategic load growth
	The tactic boosts utility sales while enhancing client productivity.
	Only possible with dump loading systems It must always be combined with other tactics, such as valley filling, and is never a stand-alone tactic.
	Minimises dump energy and energy cost savings
	The adoption of smart energy appliances is to blame for the anticipated increase in energy demands.
	[149,150,151,152]



	Strategic conservation
	usually focuses on conserving energy.
	Customer tastes affect demand forecasts
	A strategy for efficient use of energy
	Utility-based DR scheme that encourages users to alter their usage patterns.
	[153,154,155,156,157]



	Energy arbitrage
	Very suitable for intermittent RE systems
	It is necessary to handle energy storage effectively. Dump energy is likely to win out in ESS occurrences when they are fully charged.
	Boosts the dependability of the supply system and decrease the amount of wasted energy.
	Economically saving less expensive energy sources to consume or sell when prices are higher
	[158,159,160,161,162,163]



	Load leveling
	Exhibits characteristics of other DSM strategies
	Feasible only through flexible and critical load classifications.
	High-level achievement of system autonomy
	A method of shifting some demands from one load to another, typically based on the criticality factor.
	[164,165,166,167,168]



	Load shifting
	Resembles a blend of peak shaving and valley filling.
	Mostly beneficial to utilities.
	And minimizes the need for system growth or updates.
	Efforts to reduce differences between high- and low-demand profiles
	[168,169,170,171,172,173,174,175,176]



	Valley filling
	Consumer comfort is put in danger.

Valley filling prevents energy losses.
	Load classifications are the order of criticality and flexibility needed.

Imminent use of storage facilities.
	Customers often benefit from the low cost of energy.

Burdens of energy curtailments are removed.

Dump energy are considerably reduced.
	Increasing demand during times of high-power generation
	[155,177,178,179,180]



	Peak shaving
	Mostly appropriate for highly predictable systems, sush as vertically arranged traditional grids
	Customer comforts are comforts breached.

Economic burdens are normally transferred to customers.
	Reduction in per kWh energy cost.

Solutions to varying daily electricity needs.
	Cutting back on some of the energy used during times of peak demand to prevent overstretching resources.
	[9,27,181,182,183,184,185]










 





Table 3. Critical analysis of implementation methods for demand-side EM.
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	Algorithm
	Further Studies/Shortcomings
	Achievements
	Objectives/Problem
	Components
	Year
	Refs.





	Fuzzy logic control (FLC) integrated EM system (EMS)
	This study focuses only on objective functions that are geared toward optimizing the economic balance between the cost and value of MG operation over a certain time.
	Reducing energy costs by 7.94% over a 20-year lifetime and an average of 11.87% per day.
	Challenges of Demand-side EM during peak periods, such as load shifting, shielding, and delaying appliance operation.
	Solar PV systems
	2023
	[186]



	Tri-layer framework
	No plan for grid exports.
	The thermal generating flexibility index and electrical generating flexibility index are improved by 34.64% and 22.98%.
	Comprehensive scheduling that simultaneously considers demand-side flexibility, generation flexibility, and total generation costs.
	Renewable-based energy microgrid systems.
	2023
	[187]



	Biogeography Based Optimization (BBO)
	More useful information about the amount of consumption of electricity and bill is required for the energy demand curves for Iteration Control BBO and pandemic BBO variants.
	The DSM techniques acquire financial savings while lowering and shifting peak load.
	To solve the minimization problem and definitions of iteration control BBO and pandemic BBO variants
	Smart grids

Distribution system operation.
	2022
	[188]



	Load shifting and strategic conservation
	The energy management schemes in the stage of load estimation.
	The net present cost of $55 263 is reduced to $ 34,009 with the application of DM EM strategies.
	The power demand of isolated villages where on-grid power supply is not economical.
	Hybrid renewable energy system involves photo-voltaic, wind turbine, diesel generator, and battery.
	2022
	[189]



	Multi-objective genetic algorithm (MOGA)
	The proposed demand EM strategy was not tested at the consumer end with multiple balancing constraints for power balance.
	Optimal solution amongst the non-dominated solutions in the feasible search area.
	Demand EM strategy was used for a day-ahead scheduling problem in SGs with a high penetration of wind energy.
	Smart grids, wind turbine.
	2022
	[190]



	Two-tier cloud-based DSM
	The proposed systems need high computation and large storage for customers’ data.
	The price of consumer consumption dropped. The electrical grid’s peak load and PAR both improved.
	Optimizations for both customer and utility costs.
	
	
PV-based multiple DGs





	2017
	[191]



	Building energy management system (BEMS)
	Only self-consumption is supported. No plan for grid exports.
	In total, 23% of average power consumption was reduced without the full cooperation of the residents.

12% peak load was reduced without the full cooperation of the residents.
	To develop “a virtuous and flexible load profile” for nearly zero energy building (NZEB).
	PV

CHP

Thermal storage.
	2017
	[192]



	MPC
	It is advised that future studies make wise decisions about the prediction and control horizons of the MPC. For a large-scale power system, data management is necessary.
	There were cost savings of 12.18% and 6.3% against 1st and 2nd control approaches There was up to 13.9% and 4.9% daily energy utilization as well.
	Optimal operation of the market-based wind system.
	
	
Wind



	
ESS





	2019
	[193]



	Rolling horizon optimizations
	The findings show that the effects of storage capacity, storage efficiency, generator run, and rest times are not significant. The potential for optimization was suggested to be improved by time-shiftable loads.
	The achievements involve both supply and demand sides for energy management, unlike reference work. Results indicate a significant in fuel savings without affecting the system performance.
	Optimal scheduling of generations and loads in military smart microgrids.
	
	
PV



	
Wind



	
Diesel





	2019
	[194]



	multi-objective optimization
	A risk assessment should be used to gauge how well the generated solutions work. The quality of the load scheduling may be improved by including load shifting and interruptions in SGs’ operation planning.
	The findings highlight the value of this planning approach in terms of techno-economic factors and the best possible power transfer in the functioning of distribution systems.
	Grouped microgrids that use a variety of renewable energy sources, including solar systems, wind turbines, microturbines, and electric cars.
	Smart grids

Distribution system operation.
	2022
	[195]



	multi-objective optimization
	A multi-criteria decision-making-based selection technique is used to choose a solution from a non-dominated solution set after the optimization phase.
	Determines the best moment for the spread of offshore wind energy technology that is not yet operational.
	Levelized cost of the electricity plan is kept to a minimum, and short-term electricity production from renewable energy sources is increased.
	Renewable energy resources
	2020
	[196,197]



	Building energy management system (BEMS)
	In the domain of stochastic dispatch and planning optimization of RSESs in the presence of responsive loads, in order to identify the major methodological and content gaps.
	Gives helpful insights into a variety of prospective new research directions to more fully utilize the promise of responsive loads.
	Used a wide range of techniques to jointly quantify uncertainties and purchase demand response services, all the while developing and scheduling RSESs as efficiently as possible.
	Energy sources that are sustainable and renewable (RSESs)
	2022
	[198]



	Linearizing nonlinear equations and transforming them into mixed-integer linear programming
	It is only possible to support yourself. Grid exports are not planned.
	Verifies the effectiveness of the model for ensuring the system security.
	Integrated electricity-gas system (IEGS) planning that takes the effects of DSM initiatives into account.
	12-node natural gas system and IEEE 39-bus power system.
	2019
	[199]
















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check Foot Note Order





Check CrossRef













media/file13.jpg
mpetroleum  ® natural gas
= hydropower & solar
1% 0%

B B T R Y

(@ (b)






media/file4.png
Causes of power blackouts/outages

Weather

—---——-----——-—----—--————--—-\

| \
j ¢ Lightning strike [Melodi 2017, Rawi 2017] i
e ®  Bad weather conditions [Sindiramutty 2020] I
] e A severe thunderstorm [Shield 2021] I
! e Storm damage to transmission infrastructure & cascading events :
I [Campbell 2012, Campbell 2013] |
! e Bad weather conditions lead to cascading failures [Xu 2021] i
: e  Unexpectedly high temperatures [Wang 2021] i
s * Winds reached speeds of 100 km/h [Yum 2020, Chen 2015] /
e e e e e S S EEE S M S e S S SES e Emm Mt e S s s v d
AU TS USSR ETEeE REEe EEE SaT N eeee -,
/ Power transfer \|
i
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i
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i e Crane operator [Kataoka 2012] |
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_,: Over-demand ]
g e Significant population expansion [Parshall 2009, Zohrabian 2020] :
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| e Spread of consumer appliances, particularly air conditioners [Masood 2022] |
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