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Abstract

:

Smart cities are an innovative concept for managing metropolitan areas to increase their residents’ sustainability and quality of life. This article examines the management and evolution of energy generation, various storage systems and the applications they serve, and infrastructure technology’s current condition and future prospects. Additionally, the study also examines energy-related construction and transportation systems and technologies. The Smart Cities Energy Prediction Task Force predicts electrical usage using STLF, SVM, and e-learning machines. To keep a system working well throughout the year, fossil fuels must be utilised as a backup energy source. Technologies can only benefit if integrated into the city’s infrastructure. By 2050, it is anticipated that the global population will surpass 10 billion, with most people settling in metropolitan regions. Between 2020 and 2027, the global market for smart energy is anticipated to expand by 27.1% annually, from USD 122.2 billion in 2020 to USD 652 billion in 2026. In 2020, Europe will account for 31.8 per cent of total smart energy product sales. China’s GDP is projected to grow by 33.0 per cent annually, reaching USD 176.1 billion by the conclusion of the analysis period. Consequently, smart cities are expanding and blooming worldwide, yet there are no permanent standards.
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1. Introduction


Smart cities are an innovative idea for managing metropolitan areas to improve sustainability and citizens’ standard of living [1]. Moreover, projects involving digitalisation and smart cities are required to add value to increase ecological and economic sustainability. However, this added value may be stated more straightforwardly by first subtracting the benefits from the efforts [2].



Smart cities must address the issue of constructing their infrastructure with cutting-edge technologies that use energy efficiently and have a minimal environmental impact. Creating “smart buildings” and a more efficient transportation system is crucial to the fight against climate change and other environmental issues. As part of a smart city’s balanced energy exchange, a self-managing automated system that can convert electric power into a finished product with minimal human intervention is required [3].



A single system including various energy, heat, gas and water schemes, as well as telecommunications structures, is being developed in smart cities to balance power output and consumption, lower generation capacity, and affect other energy market participants [4]. Electrification, the process of converting society to using electricity as its principal energy source, is essential to the long-term health of the energy sector.



The core of this definition is achieving a healthy equilibrium between the supply and demand of energy [3]. Each of these regions has varying levels of readiness for electricity (a combination of pre-requisites). Determining the requirement for electrification is a system’s energy consumption. Hence, electrification can be prepared for by gaining motivation and access to new electrical technologies by investing in them and having the financial resources to do so [5]. Price ratios between electricity and other energy carriers, a focus on energy conservation by the public sector, and a shift in electricity and capacity markets to allow for increased competition among generators are additional issues that must be considered [6].



Urban, national, and international growth are all dependent on the availability of energy. Moreover, this dependence hinders efforts to improve environmental quality and sustainability. As a result of increased energy consumption in an expanding economy, CO2 emissions will spike, causing the global temperature to rise. In contrast, urbanisation and population density have made it more challenging for cities to control their energy use and environmental impact [7]. More than a billion Chinese people will reside in urban areas the year that emissions will spike. Future urban environments are anticipated to be dominated by carbon emissions from transportation systems, which are anticipated to undergo a radical shift in demand and energy use. Transportation and operational modes will impact the energy usage and carbon emissions of cities. In order to achieve low-carbon transportation, it is vital to give clear guidelines and sufficient legislation. According to the International Energy Agency, transportation-related carbon emissions will account for more than half of worldwide energy use by 2030 [8].



A amount of 70% of global CO2 emissions and two-thirds of global energy use can be attributed to metropolitan regions. All governments have promised to collaborate on resolving global energy, climate, and environmental problems. After signing the first global climate pact in 2015, the EU, the US, and China pledged to lower their emissions over the following decades. We can reduce CO2 emissions and enhance the environment using smart city energy systems [9]. Smart cities of the next generation must have an energy source that is both carbon-efficient and energy-efficient. Several forms of energy are included in a single system, including a wide variety of sources, such as electricity generation and conversion, energy distribution and storage, and transportation.



This enables greater flexibility in the usage of renewable energy, as well as substantial gains in energy use efficiency and cost savings. Rapid urbanisation necessitates an innovative strategy, and a smart city precisely provides this model. This vehicle is sustainable because it combines environmental sustainability and low-carbon environmental protection with flexible mobility and efficient recycling [10]. More than 52 per cent of the world’s population currently resides in urban areas, and this proportion is projected to increase to 72 per cent by 2040. Numerous government and non-profit organisations are promoting smart city initiatives to assist communities in reducing their energy consumption to cope with population growth [11].



Due to the complexity of the power administration system, multiple types of information must be transmitted in virtual environments, including distribution systems and households/buildings. As an illustration, smoothing the power peak requires knowledge of power patterns and consumer-accepted standards. Smart cities must implement cutting-edge technologies such as Internet of Things (IoT) communication networks to meet these requirements, which track and transmit data to utility centres, where it is used to implement complex rules for smart city power administration [12]. Figure 1 highlights some of the smart city features and technologies.



This paper begins with a review of the current state of research and the future of smart cities, especially in energy. As part of our investigation into smart cities, we look at the management and evolution of energy generation, various storage systems and the applications they serve, and infrastructure technology’s current state and future possibilities. The research also looks at energy-related systems and technologies used in construction and transportation.



The purpose of this study is to present an overview report on sustainable energy development in smart cities. Since a sustainable city employs information and communication technologies (ICTs) and other means to improve the quality of life of its residents, the efficiency of urban operations and services, and its level of competitiveness while also addressing the economic, social, environmental, and cultural needs of its current and future populations, this study improves the standard of living of its citizens while simultaneously bolstering the local economy by employing cutting-edge technologies and analytical techniques. Due to the complexity and significance of the energy networks in smart cities, energy management is one of the most difficult challenges these areas face. As a result, this study provides adequate information on energy management in smart cities. In addition to environmental issues, the emergence of “smart cities” is a part of the broader concept of sustainable pro-ecological development that employs cutting-edge information technologies. The expansion of “smart cities” has the potential to enhance people’s lives and provide them happiness. This study can benefit the government, the environment, and the local population by improving the efficacy of energy and development in smart cities.




2. Research Background


Energy history involves both natural and cultural (human) temporal developments. Energy is more than just a trade medium. Only via the energy prism can one observe the world from the inside out, both figuratively and literally. Everything that has occurred, is occurring, or will occur is caused by energy and may be measured in terms of energy. This encompasses the birth of stars, planets spinning, global water, atmospheric and biological cycles, and human civilisation’s evolution, industrialisation, and modernisation [13].



All physical systems in the natural world include a certain amount of energy. The structure of all matter and fields is energetic or active, whether it is photon waves speeding through space or electrons zipping around an atom’s nucleus or through a conductor, or atoms and molecules interacting, vibrating, or moving randomly in thermal motion [14]. Energy is a system’s capacity to change another system by performing work (causing a directed dis-location) or by creating heat (inducing a chaotic displacement/motion of the system’s microstructure) [15]. As detailed in one encyclopaedia’s “Physics of Energy” page and elsewhere, energy is not only “the building block” and fundamental feature of matter and space but also a fundamental property of existence. From the largest sub-nano structures in an atom’s nucleus to electromagnetic radiation, energy is both the cause and effect of formation and transformation throughout the universe [16].



It is believed that 30 per cent of the world’s population resided in urban regions in 1950. By 2050, however, most of the world’s population will reside in urban areas. By 2050, it is anticipated that over 70% of the world’s population will reside in urban regions, with over 90% of the expansion occurring in Asia and Africa. In response to various demographic (including population ageing and migration), technological (including green lifestyle), and environmental, social, and economic challenges, cities worldwide have been actively transforming their urban environments over the past few decades [17]. The need to adapt cities to these processes and challenges has resulted in the emergence of several concepts and urban development strategies based on them; these can be thought of as a gradual transformation of cities into smart/intelligent cities, leading to more efficient urban planning and management and, ultimately, guaranteeing the high quality of life of the inhabitants through the introduction of cutting-edge technologies, the amelioration of environmental conditions, and the provision of public services [18].



A smart city is an urban region that uses electronic data gathering sensors in infrastructure, buildings, cars, institutions, and devices (IoT, Internet of Things) to provide real-time information about the city’s key operating systems. These include energy distribution, transportation, water purification, waste management, security, and communications [19]. Integrating sensor data into ICT platforms enables city administrators and decision-makers to remotely connect and command municipal systems to improve efficiency and resilience and to remotely connect with and communicate with stakeholders (citizens, companies, institutions, and civic organisations) [20]. Officials in a smart city can promote sustainable urban development and a more competitive and attractive business and creative environment by, for instance, encouraging innovative business models in both the private and public sectors and fostering greater collaboration among various economic actors [21].



Several authors have placed greater emphasis on the objectives of the smart city than on the concept itself. Several authors mention the potential for smart cities to improve energy efficiency and environmental sustainability in their definitions. As an intriguing aside, ref. [22] expands on the topic of smart city security enhancements. According to [23], smart cities can attract talent and entrepreneurialism by offering more competitive and attractive business environments. Following an introduction to the evolution of the notion of “smart cities”, the subsequent sections present an exhaustive dissection of the numerous factors that contribute to a city’s potential and the actual manifestation of intelligence [24].



Several authors have attempted to differentiate “smart cities” from comparable ideas such as “information cities” or “digital”, “knowledge”, and “smart” cities. It is difficult to provide a universal definition of a “smart city” because most such programmes have evolved from bottom-up experiences relating to specific needs [25]. While there is no universally accepted definition of a “smart city,” most agree that they involve the use of technology to improve the quality of life for residents [26], with information and communication technologies (ICTs) playing a central role due to the concept’s evolution from an “information city [27]”.



This section presents an overview of energy and sustainable development in smart cities. Several databases, such as Google Scholar, ScienceDirect, ResearchGate, and IEEE Xplore, were queried during the identification phase of this review. Initial qualification criteria included “smart city”, “electricity”, “energy”, “sustainable energy”, “sustainable development in smart city”, “energy in smart city”, “sustainable power”, and “smart home”.



These initial selection criteria serve as the beginning point for the search approach, which may be summed up as follows: (i) searched for the predetermined keyword strings in multiple databases; (ii) selected only papers published in English in scientific peer-reviewed journals and conference proceedings in the last 15 years (2007–2022); (iii) favoured technical papers over surveys or other review articles; (iv) reviewed a sufficiently descriptive overview of smart cities, energy, and sustainable developments; and (v) conducted a thorough analysis of smart cities, energy, and sustainable developments prior to including it in the overarching overview. The overview was divided into three key sections based on the search criteria: energy, smart cities, and sustainable development. According to Figure 2, 96 articles were selected between 2007 and 2022.




3. Overview of Energy Management in Smart Cities


Energy generating systems are designed to convert primary energy sources, such as heat, electricity, and cold, into secondary/alternative energy forms. Common forms of renewable energy production include wind turbines, hydroelectric dams, and multigenerational power plants. Renewable energy takes precedence over fossil fuels in a typical intelligent energy system. In order to keep a system working well throughout the year, fossil fuels must be used as an additional energy source [28].



Monitoring and logging are two of the many roles management systems use to promote a good interaction between house inhabitants and the management scheme. Various alerts related to predetermined risks should be used to validate home security through the management system. Homeowners may operate household equipment according to their preferences through SHEMS, mobile phones, or manually [29].



According to Ref. [30], numerous research has concluded that the Internet of Things (IoT) offers substantial advantages over other communication networks. The Internet of Things is gaining popularity due to its usability and compatibility with various communication protocols [31].



Hence, new digital household equipment exacerbates power grid quality issues, such as excessive harmonic contents, imbalanced loads, and erratic short-circuit currents. In contrast, power grid authorities do not tax homeowners based on the impact of their buildings on power quality. Consequently, all suggested energy management systems concentrate on the financial benefits of lowering electricity usage or even exporting electricity to utility networks [6].



Building energy management systems (BEMS) are being applied in residential, industrial, administrative, and commercial structures. Similarly, integrating intermittent renewable energy sources with the suitable energy storage system installed in the building is a crucial need for dependable and effective BEMS [30]. It is vital to minimise energy use from non-renewable sources and reduce energy demand via energy-saving, ecologically friendly technology. In this regard, electrochromic devices (ECDs), which can manage energy flow during the day and produce artificial illumination at night, might decrease the need for separate lighting and cooling systems [32].



Hence, the status of a particular zone inside a structure is determined by employing sensors. Depending on the architecture and how sensors are integrated into the building, a zone might be a single room, an individual floor, or the whole structure. In addition, sensors are used to monitor interior comfort by utilising occupancy, CO2, temperature, and humidity measurements. However, sensors may also detect situations such as fire, floods, or intrusion [33].



Even though steps have been taken to reduce energy waste in buildings by employing various management techniques based on occupancy information, to reach intelligent buildings by giving more accurate occupancy models that represent their energy consumption, this issue is still not yet fully resolved. Therefore, researchers [34] conducted a complete analysis of the techniques for collecting and using occupancy-related factors that impacted the overall energy consumption of buildings and proposed a road map for solving these issues, where the suggested road plan focuses on developing ICT and construction industry prospects [35].



According to researchers [36], smart plug technology will be extensively utilised to monitor and regulate energy usage in all places with smart appliances. Moreover, constant effort is expended to develop and incorporate emerging communication protocols and functionalities into smart plug-in applications in a range of Energy Ecosystem situations. An assessment design and implementation of smart plugs already on the market were also presented in the study. In addition, the overall development of sensors paired with computational algorithms may contribute to addressing a wide range of the technical obstacles involved with this energy system’s integration issue [37]. The researchers assessed the various smart energy management strategies and currently available applications [35].



Numerous authors and organisations have defined and implemented the “smart city” concept, which is relatively novel [21]. Smart cities are designed to solve or alleviate the effects of fast urbanisation and population expansion, including energy supply, waste management, and transportation, by maximising efficiency and resource utilisation. The literature classifies smart city intervention areas in various ways. A problem with these classifications is that they only consider the smart grid when classifying energy, leaving out crucial factors such as transportation and infrastructure [38].



The energy requirements of a city are both complex and numerous. Consequently, modern cities should leverage the synergies between these energy solutions to enhance their existing systems and implement new ones in a coordinated and optimal manner. Unpredictable supply and demand, the need for more energy-efficient transportation, and several other factors are energy issues that must be addressed collectively rather than individually [4].



3.1. Energy Storage


Using batteries to convert chemical energy into electrical energy is a well-established technology with numerous applications. Electrochemical cells that can be utilised to construct batteries include lead–acid (Pb–acid), sodium–sulphur, sodium–nickel chloride, and lithium-ion batteries [39]. Cost, environmental problems, a short lifespan, and voltage and current restrictions are the most significant disadvantages of this technology. As battery prices continue to plummet in the coming years, this trend is anticipated to continue [10,16,40,41].



Superconducting magnetic energy storage (SMES) [15,42,43], super-capacitors, and flywheels are the best options if you need a quick response and a considerable amount of energy to be released in a short amount of time. Superconducting coils generate magnetic fields with an alternating polarity that store electrical energy. High currents charge and discharge double-layer capacitors [15,43,44]. This technique is not primarily used for energy storage but to improve grid stability and power quality. Mechanical rotatory devices are utilised to store energy derived from motion. Despite having long life cycles, they are more expensive than batteries and can only provide energy for brief periods [39,45].



Many countries generate and distribute power using hydroelectric storage (hydro-pump) [32]. The water pumped from one reservoir to another is used to generate electricity later. Large unit sizes and climatic and topographical limits make it difficult to use these systems in small-scale applications [46]. Fuel cells, boilers, and turbines can all use hydrogen as an energy source. All that is left is pure water vapour when oxygen is used to burn it. In order to create clean, carbon-free fuel, it is necessary to use pre-combustion CO2-capture processes to synthesise other molecules, such as water or fossil fuels [9]. Compressed air can be used for large-scale energy storage.



Compressed air and energy are normally housed in a subterranean cavern or chamber [47,48,49]. This energy storage system (ESS), such as hydro storage, is often confined by terrain. In light of the wide range of ESS characteristics, not all ESSs are well-suited for every application. Bulk storage (1–8 h) for load balancing or spinning reserve; DG storage (0.5–4 h) to integrate dispersed renewable sources, reduce peak demand, and delay transmission; and end-use power quality storage (1–30 s) are all examples of the latter [48].



Fluid or another substance is utilised to store thermal energy in a reservoir. In smart cities, these ESSs are utilised most frequently for water tanks that can meet the thermal demand of both residential and commercial buildings. Recent applications of molten salt tanks for high-temperature thermal storage include utility-scale concentrated solar power plants [31].




3.2. Models and Applications of Energy Storage Systems (ESSs)


Numerous applications exist for energy storage systems (ESSs). Methods and sizes of data storage can also vary greatly. Small- to medium-sized research projects usually utilise battery-based solutions for integrating renewable energy sources. Alternative ESS solutions focusing on power quality are being researched [35,36,37]. Ref. [34] illustrates an isolated microgrid power system with flywheel storage. This section addresses the utilisation of super-capacitor banks to regulate the load frequency of electrical power systems.



Intriguing alternatives combine many storage technologies to circumvent the limitations of singular storage systems. Ref. [37] highlights the power electronics and control demands of an electric vehicle (EV) hybrid flywheel–battery system. Plug-in electric vehicles (PEVs) are another use of ESSs that has been the subject of much research. The majority of research in this field is on the charging and discharging of fleets of electric vehicles. Then, a comparison between centralised and decentralised decision-making was made [34].



Various objectives can be attained utilising intelligent charging methods. Intelligent charging methods can be used to achieve a variety of goals. Microgrid economic viability has been evaluated using used electric vehicle batteries as stationary energy storage [27,45,50,51]. However, in contrast to earlier studies that examined important variables such as battery degradation in only a superficial manner, another study proposed charging procedures to extend the useful life of batteries [40]. Many researchers focus on finding the most effective ways to manage and utilise heat in buildings. Electricity price signals govern ESSs. Numerous control techniques are compared with a thermal water storage predictive control system. Solar thermal storage and cogeneration systems are widely utilised in residential and commercial contexts [41].



As energy use and environmental impact awareness have expanded, EMS has evolved. In addition to ensuring building comfort, an EMS provides building operators with decision assistance to optimise building configuration (both physical and digital) and energy-efficient building operation. Additionally, an EMS may provide energy usage predictions [41].



According to researchers [33], BMS mandates control techniques for building actuators such as ventilation, heating, lighting, and other electrical systems. These techniques define acceptable temperature ranges, CO2 limitations, and other parameters associated with occupant comfort, and they guarantee that the condition of the building does not deviate from these ranges and limits by signalling actuators as required [50,52]. Moreover, due to the capability of conditioning and regulating domestic energy usage, Smart Energy Control Systems (SECS) have become more prevalent in the smart homes scenario [53]. Smart Energy Control Systems (SECS) have become more prevalent in intelligent homes due to their ability to condition and control domestic energy usage, decreasing energy losses and needless electricity consumption [54]. In Table 1, the importance of energy in smart cities is presented by giving an overview of the importance and the purpose of energy storage and energy management in smart cities.





4. Techniques for Predicting Electrical Consumption in Smart Cities


Since the 17th century, numerous industries, including energy forecasting, have utilised statistical tools such as set theory. Popular techniques include grouping, support vector machines (SVMs) [63], and e-learning machines (ELMs) [64]. STLFs are predictions based on short-term load frameworks. In two significant ways, researchers have enhanced SVM prediction algorithms [47].



In the first stage, an input model is chosen using a feature selection approach. The hyper-parameters of the SVM were optimised utilising an optimal particulate solution, and operator connections were reduced [13]. This research method demonstrates more precision using cutting-edge data from two distinct databases for load prediction [64]. Next, [18,58] employed ELM evolution to predict energy in a subsequent STLF study.



The synthetic bee colony method is used with ELM to forecast the next 1–24 h; ELM assists the synthetic bee colony method in determining the ideal input variables [65,66]. The researchers uncovered novel, cutting-edge information regarding ISO New York and Latin American electricity suppliers [67].



Ashraf et al. applied deep learning to computer vision, the Internet of Things, cybersecurity, and health. In their model outputs, energy forecasting techniques such as STLF and LSTM [68] prioritise apartment complexes. To enhance forecasting, they concentrated primarily on lowering the variability in the behaviour of electricity demand [69].



According to further research, an integrated deep learning and LSTM optimisation method for residential structures were determined to have the optimum target function for power prediction utilising hidden layers [70]. Their technology examines the STLF forecasts of building and real estate data [65]. These discoveries render conventional prediction models ineffective. According to [71], implementing a load prediction technique for different kernel transfers reduced the error rate.



Another paper developed a smart resource management deep learning model to help dispersed households and businesses. According to [10], the DLA-PM power management architecture is described. This forecasting tool may help customers and power distributors work together more effectively. For example, cloud-based server data monitoring, device-based real-time energy management, standardisation technology improvement, the development of a new framework for energy forecasting, and faster and more precise learning are all conceivable outcomes [26].



In recent works, the neural wavelet connections CNN [57], LSTM [70], and STLF [66] have been used to form set structures. Sequential algorithms such as RNN [72] and LSTM have been the subject of extensive, in-depth studies on energy prediction. There has been no notable change in sequence learning models, even at the network edges. A resource-constrained energy forecasting model can assist in addressing this issue. CNN and LSTM structures utilise neural wavelet connections [73]. In energy prediction, interest in RNNs and LSTMs, two prevalent sequential approaches, has increased [57], [74]. Except for a few small modifications, sequence learning models have stayed substantially unchanged. This issue can be addressed using a resource-restricted energy forecasting model. Table 2 shows the list of different techniques used in smart cities for energy forecasting. These techniques help in predicting the consumption of energy to be used by smart cities in the near future.



It is possible to distribute electricity reliably to many customers, each with specific requirements. This can be achieved by integrating a distributed power management system with the grid’s intelligence. Current methods of supplying electricity to customers do not inform them of their use, environmental impact, or any other variables that may result in excessive electricity use. In contrast, an intelligent grid can precisely track and distribute electricity consumption [75].



Grids are notoriously inefficient due to insufficient energy conservation and overuse. A lack of data on residential and commercial electricity use makes it impossible to determine when there is an abnormal demand for electricity. Intermediary cloud analysis is performed on customer requests prior to their transmission to intelligent networks [61].



Before delivering queries to the intelligent grid, cloud servers save and scan them for irregularities and observe an abnormality if the demand at home or business fluctuates significantly. Residence-1 in the smart city is provided with Y kW of power. All industries and businesses will continue to gain from this cycle as long as cloud servers offer exceptional results [18]. There are two common denominators: vector minimum-maximum and scalar mean (max value). On a scale from 0 to 300, the normalised data for housing parameters runs from 2.8 to 3.8. This can significantly modify the training approach for normalised data model parameters that fall between one and one. Short-term demand forecasts need a reduction in the original data set size. Various approaches improve the forecasting performance of both databases using the original data formats [59].




5. Sustainable Development and Energy Management System in Smart Cities


City residents’ needs come first in a climate- and people-conscious city. Sustainable development focuses on the city’s overall progress, equity, and preservation in contrast to smart cities. Green areas and eco-friendly practices are incorporated into the urban environment to reduce pollution and carbon intensity and protect natural resources [3,13]. Using ICTs and other cutting-edge techniques, a city can improve its citizens’ quality of life, operational efficiency, and competitiveness while also satisfying the needs of current and future generations. Cities must become more intelligent and environmentally sustainable to cut CO2 emissions. The primary advantages are enhancements in renewable energy, waste management, and traffic conditions. Numerous smart city concepts centre on efficient grid and watershed management systems [62].



A human safety and energy monitoring system can be created using water level monitoring devices. Programmes and activities that save resources when referenced are considered sustainable. The five pillars of sustainable development include ecological preservation, social growth, cultural preservation, and economic development [45]. These comprise intelligent streets, intelligent lighting, intelligent parking spaces, and intelligent traffic lights. People can navigate with greater ease, and transfers are completed faster. Users can lower their carbon footprint and increase their social capital by utilising these ecologically friendly devices [76]. In addition to enhancing public service, infrastructure, and sustainability, smart cities seek to provide people with a more advanced social environment [63]. These concerns and the rebirth of cities as economic engines of national and global significance have evolved due to urbanisation and global economic upheaval [77]. Towns must actively seek investment opportunities in this new era to remain competitive, expand their tourist appeal, and improve the quality of life for their residents. Cities can achieve economic growth and social and environmental sustainability by using ICT [78]. The most significant advantages include improved garbage management, traffic patterns, and increased energy efficiency and storage. In order to reduce pollution and enhance air quality, a city’s sustainable strategy must include ecologically friendly practices, parks, and supporting technologies. Sustainable cities are becoming increasingly important in the fight against global warming [2,55].



Some examples are traffic flow management and universal health care. The energy industry must be modernised for ICT to be incorporated into the grid to build a smart city [78,79]. It is possible to analyse small-scale intelligent community solutions, such as apartment building clusters, to boost energy independence and reduce CO2 emissions using a web-based platform [50]. Smart cities may positively impact the quality of life and the efficiency of municipal operations. Rethinking existing regions and building new ones from scratch to make cities more ecologically friendly and efficient, as well as developing transportation, energy, and government services that will allow city people to sustain themselves, are major challenges for city planners around the world. Information technology has the potential to greatly enhance smart cities. There are various advantages to using existing infrastructure, including lessening the need for a new building, cutting CO2 emissions, and creating new options for citizens, such as e-government services and actual transportation norms [22,80]. All people and the earth shall be able to live in peace and harmony as a consequence of the Sustainable Development Goals (SDGs). We can all work toward a wealthy and environmentally sustainable future, even in the current state of affairs, by following the Sustainable Development Goals. The significance of global issues such as poverty, environmental degradation, the truth, and freedom of expression is growing [26]. Recent technological advancements have expedited the growth of smart cities. Near-real-time analysis can be accomplished with mobile and high-speed wired networks that link basic sensors and equipment. Mobile and ubiquitous computing, cloud computing, middleware, and agent developments all facilitate the integration and utilisation of digital systems in the physical environment [62].



5.1. Efficient Use of Energy in Smart Cities


In smart cities, new and existing structures are more energy-efficient and effective. Power generation from different sources and dispersed power generation are optimised through an analysis of energy consumption [17]. Effective energy management necessitates precise metering. Managing energy in these metropolitan areas is one of the most difficult issues because of its complexity and importance. In order to better fulfil corporate social responsibility and reduce greenhouse gas emissions, it is possible to keep track of operating costs and accurately prepare budgets by looking at utility bills. It is a goal to reduce reliance on unstable supply chains. The approach outlined below makes it possible to discuss energy use and, in turn, economic development for a sustainable smart city [15,55].




5.2. Renewable Energy Sources in Society (RESS)


An urban construction group is accessible as an alternative. Using an Internet of Things platform from top to bottom, members of this small, intelligent community can work together to increase their energy-generating ability. The city’s CO2 emissions should be reduced. According to our proposed approach to energy management systems, RESS-equipped buildings can be coordinated to lessen their dependence on the primary distribution network [67]. By utilising renewable energy, greenhouse gas emissions can be reduced or eliminated. According to current global studies, wind and solar are the most cost-effective energy sources. Our objective is to develop a novel technique for evaluating the optimal RESS capabilities based on the building’s usage patterns, seasonal fluctuations, energy costs, and carbon emission taxes [68].



A single transformer may provide electricity to a cluster of structures with a smart interface. The primary objective of any effort to improve energy efficiency is to eliminate waste. Increasing energy efficiency has numerous advantages, including reducing greenhouse gas emissions, energy import requirements, and household and economic expenditures. Urban buildings should rely less and less on primary distribution systems to reduce their energy consumption and dependence on secondary distribution networks [60].



For construction of energy management systems to be more effective, it is necessary to describe energy consumption and output patterns in detail. By implementing an energy management strategy, both energy output and consumption can be decreased. This method reduces the energy consumption of a building while increasing its productivity. Regarding energy management, neither production nor efficiency is compromised to eliminate waste and boost efficiency [18]. Due to energy use, generation patterns, and other unknowns and relationships, optimising models that aim to minimise or maximise energy consumption presents issues. It is necessary to differentiate between residential and promotional properties to attract more investors in metropolitan areas [55]. It is essential to consider weather conditions, work schedules, and the building’s energy footprint in densely populated metropolitan areas, particularly for commercial and industrial operations. Numerous studies indicate that the size and form of urban building clusters can be affected by organising them as microgrids or small-scale power networks. Common methods for determining the optimal magnitude of RES include minimising total energy expenditures and maximising the quantity of energy produced through RES and SBI [69].



Construction costs and operating cash flow are compared using a PCGF (Project Cost Growth Factor). Its final goal is to demonstrate the program’s financial return and evaluate the process’s efficiency and efficacy. The first new economic indicator to be given is the growth factor for a cost estimate. Economic data suggest that the component does not only focus on expenses or earnings [77,80]



Home area network (HAN) nodes can access power in various building areas. When conducting energy flow activities, the building controller adheres to the requirements of the cooperative system. Several considerations must be considered when deciding how to use the energy stored in solar panels and batteries, including the type of construction, varied power requirements, electricity pricing, and the controller itself [32]. In order to increase microgrid performance, there should be a consideration of the use of the best building size and operation plan for distributed energy buildings that must all be connected by the same power transformer [81]. Because they are based on a particular type of structure and a single pattern of energy usage, cooperative systems are ineffective. In order to maximise the energy independence of urban structures, it is required to create the ideal approach to cluster size and energy planning and operations utilising a comprehensive set of realistic assumptions [50,52]. Building-to-building communication must be considered in the communication requirements of a cooperative plan. Home IoT infrastructure is constructed using a central home controller (CHC) and smart metres throughout the building [82]. CHC manages RER and SBI data for buildings. HSS receives or transmits data from or to smart metres in many building locations. Utilising metres, creating a standard set for the local area network (HAN) is feasible [69,70,71].





6. Results


This in-depth analysis of the existing literature discovered several new trends in the smart city (Figure 3). In order to create a city that is both liveable and efficient, smart city sustainability emphasises the importance of a city’s infrastructure and power. On the other hand, this article emphasises the significance of utilising ICT to effectively integrate resources to improve the city’s interconnectedness, intelligence, and overall quality of life. Since technology development is essential in developing smart cities, the article discussed using different technologies for the sustainability of smart cities, especially electricity. Research into the role of smart cities in attaining long-term development is urgently needed [13].



According to Behzadfar [82], increases in energy consumption and the capacity of the world to provide for them all indicate a future of rapid urbanisation. Smart city construction is one option among many, but it may be advantageous. The ICT infrastructure of the smart city has improved the residents’ quality of life and health. It expands physical services while maintaining economic expansion. In addition, it has accelerated government, political, and participatory processes to prevent and manage natural and artificial disasters and ensure legal compliance [83].



Ullah [36] reported that rapid urbanisation paves the way for developing “smart cities”. Future intelligent cities must be environmentally conscious. The social, economic, and environmental sustainability of Australian cities is determined by costly and quantifiable means. This study evaluates the “smartness” of Australia’s six most populous cities to determine their sustainability. It illustrates the key variables and subfactors that influence smart cities’ economic and environmental viability. Governance, retrofitting, land use and environment, socioeconomics, and the environment are identified factors. Governance is the most important factor for Australian urban regions, followed by land use, environmental management, and retrofitting. This shows that the government helps realise smart cities. This article highlights the sustainability practices of smart cities in Australia, which can be replicated in developing nations [84].



According to the study [7], smart city ideas and strategies are as diverse as cities. Some smart urban development strategies focus more on technology than social factors. Smart urban planning promotes social and technological advancements and integrates existing infrastructures while considering population growth and new needs. The objective of smart urban design is to enhance governance, public participation, and the use of land, resources, and money. Current ICT development can reduce or eliminate the need for top-down decision making, increase evaluation data sources, and inspire innovative urban planning. The public must be educated on how innovative strategies can enhance the lives of individuals. Plans for smart cities should be prioritised. By catering to the next generation, these costly projects can enhance the quality of life in historic districts and college campuses. Due to the increasing number of highly educated inhabitants, internet users, mobile phone users, information and communication technology (ICT) trainers and trainees, and e-government users, there is a tremendous possibility to evolve into a smart community.



According to Ref. [84], by 2050, 70% of the world’s population will be in urban regions. Developing environmentally friendly and ecologically sustainable urban areas is motivated by reducing CO2 emissions. Energy efficiency and storage, waste management, and traffic movement have been the greatest improvements. Smart cities use advanced power grids and water management systems to ensure the safety and dependability of the city’s water supply; the city checks its energy consumption and potable water quality. As a result of the accelerated development of smart cities, municipalities will be able to monitor their citizens more effectively using CCTV cameras with facial recognition.



According to Ref. [85], security becomes an increasing concern as the Internet of Things (IoT) and sensor technology become more prevalent. In order to utilise these sensors, a complex and expensive infrastructure is required. Energy consumption and efficiency are crucial factors for any structure. Intelligent technologies such as traffic lights and pedestrian light panels can monitor traffic’s environmental impact and infrastructure deterioration. By 2050, the world’s population is projected to reach approximately 10 billion, with the majority residing in cities.



According to Ref. [84], smart cities must provide an alternative to the single-occupant fossil-fuelled automobile. Smart cities need a holistic approach to integrating automation, transportation, and other technologies with socioeconomic requirements. According to experts, sixty per cent of the total energy consumption will occur in future cities. The Internet of Things (IoT) requires the creation of smart homes, factories, and workplaces. Autonomous vehicles necessitate intelligent roadways. Figure 4 below shows an illustration of the energy consumption in smart cities.



Covered airports within the city could be used for international flights. Smart cities are becoming more efficient, innovative, inclusive, and resilient through data and technology. Innovative technologies such as Digital Twin, AI, big data, and IoT (Internet of Things) are essential for creating a civic platform for new types of cities with sustainable livelihoods and agile prosperity. The Sustainable Development Goals (SDGs), which are centred on the function of smart cities, reflect our current worldview. The Global Smart Cities market, valued at USD 741.6 billion in 2020, is anticipated to expand at a CAGR of 22.5% [86].



Using digital technologies such as big data or artificial intelligence, intelligent and adaptive traffic light management systems that can respond to changing traffic flows and specific conditions, which could significantly reduce congestion, can be developed and implemented [87]. The Smart City Technology and Smart Energy (Applications) Market is expected to reach USD 602.7 billion in China by 2026, with a CAGR of 27.6 per cent. Europe and Asia-Pacific are among the regions with the highest adoption rates of smart cities. The US smart city market is anticipated to be valued at USD 233.9 billion by the end of this year. Europe will account for 31.8 per cent of global smart energy segment sales by 2020 [88].



China is anticipated to experience a compound annual growth rate of 33.0 per cent during the analysis period. Smart city solutions are increasingly adopted due to the need to reduce energy consumption and the growing environmental waste problem [47]. To combat the effects of the pandemic, these industries are turning to cutting-edge technologies such as artificial intelligence (AI) and the Internet of Things (IoT). Smart Utilities’ Infrastructure Monitoring and Management service is expected to be one of the fastest-growing services in the industry. Deployment and Integration providers will take the largest share of the market for Smart Transportation Services [89].



APAC is adopting smart city technologies due to government attempts to improve digital infrastructure. Solid-state technologies and closely related disciplines are required for a proactive approach to problem solving. Active methods’ intellectual prowess is mostly dependent on technological advancements. Passive and active methods are intertwined with inefficient energy use in cities. The smart grid is one way to reduce energy consumption actively [4].



The smart grid indirectly connects to “passive” smart city solutions, which can respond “statically”. Smart buildings need new energy and capacity supplier criteria to maintain a continuous power supply. Less than one per cent of the Russian population currently possesses smart home technology. Distributed energy generation at specific locations utilising absorption refrigeration and micro-CHP would boost the overall efficiency of the metropolitan system. As much as possible, the night-time energy consumption should be increased to equalise the daily power supply profile [60].



Using electric vehicles is the most obvious solution. When the digital technologies of infrastructure companies are combined on a single intelligent platform for information accounting, analysis, and processing, there is a massive shared effect. Reduced electricity prices are a crucial factor in the development of smart cities. Government energy pricing regulations should manage the price of natural gas and the gas-to-electricity ratio. The variable load schedules of residences must be considered to limit production cost fluctuations. Smart city energy systems and electrification plans must consider several technical and budgetary factors [45].




7. Discussion and Conclusions


According to Ref. [83], the energy of a system influences how much work it can perform. In addition to potential and kinetic energy, there are also chemical and thermal forms of energy. Solar power, fossil fuels, gas, electricity, and batteries are just a handful of the numerous energy generation possibilities accessible [55]. Energy cannot be generated or destroyed but can be transformed into several forms. Clean energy, green energy, sustainable energy, renewable energy, and smart energy are among terms that have evolved in recent years as alternatives to the more familiar “conventional” energy. These new concepts in the energy sector are motivated by the possibility that the global supply of usable energy will be depleted. Green energy, often known as clean energy, refers to power sources with low or no negative environmental impact [14]. Green energy is derived from renewable sources such as the sun and wind. Both sustainable energy and renewable energy may be supplied at a faster rate than they are consumed, making them excellent for long-term use. There are several subtle differences between renewable and sustainable energy sources. Sustainable energy is derived from non-human sources, whereas humans create renewable energy. Biogas is a form of sustainable energy generated by the cultivation, utilisation, and decomposition of organic matter [17]. This notion is related to zero-energy systems and zero-energy structures, which consume no net external energy because their energy consumption and production are equal. What precisely is intelligent energy? Smart energy spans a broader spectrum of concepts than conventional and renewable energy. Smart could be considered a model for the “Internet of Energy.” This strategy incorporates the concepts of smart power generation, smart power grids, smart storage, and smart consumption. That said, smart energy is any conventional energy that is backed by contemporary information and communication technologies [62].



The intelligent energy system combines the generation, delivery, and use of renewable energy in an intelligent manner. Therefore, intelligent energy consists of three distinct components that must be combined into a single system by careful design and effective communication [22]. Smart infrastructure, smart grid, smart metres, and proper use of information and communication technology enable efficient distribution in a smart energy system, which may incorporate low-carbon-generating sources such as photovoltaic, solar thermal, biogas, and wind energy (ICT) [90]. At the core of a smart energy system is an information architecture that collects and distributes data on energy consumption and rates charged by various service providers. Intelligent home appliances, such as dishwashers and water heaters, can be run with optimal energy efficiency when the necessary ICT is used to regulate their activities. ICT is beneficial for HVAC and heating, ventilation, and air conditioning (HVAC) transactions (HVAC) [49]. With the assistance of information and communication technology, energy may be derived from various sources, including solar panel systems, wind turbine systems, and others. Optimisation of consumption is the third fundamental feature of a smart energy system. Utilising efficient energy storage, intelligent metering, and effective energy management may be crucial to optimising energy usage in a smart energy system [91].



The smart energy grid, often known as a smart grid, is the system’s central nervous system. A smart grid is defined formally as the effective integration of the actions and behaviours of all connected users, including (1) consumers, (2) generators, and (3) users who are both consumers and generators. Smart grids offer minimal loss levels, a higher-quality supply, system and user safety, supply security, and system fault tolerance [69]. Using smart grid technologies, various renewable and non-renewable energy sources, such as solar and wind power, can be coupled with more traditional thermal energy obtained from fossil fuels. Future smart grids will be extraordinarily sophisticated compared to those of today [61]. Perhaps one day, every user will generate their own solar, biofuel, or wind energy. A smart grid will supply electricity at the precise voltage and frequency necessary for all of these power sources, ensuring that they operate in perfect harmony [15]. There is great support for the demand response management of energy consumption; dispatch of power generation for solar and wind; point-of-sale transaction services for plug-in electric vehicles (PEVs) that are not tied to a physical location; and enhanced customer interactions. The smart grid relies heavily on intelligent energy metering [59]. During predefined time intervals, the smart metre records and transmits the quantity of electricity consumed to the utility provider for analysis and billing purposes. This enables reliable usage reading without the need for human involvement. Intelligent batteries, such as those made from lithium-ion or fuel cells, can store and distribute energy efficiently and survive for an extended period [76].



Section 3 provides an overview of smart cities’ future. Smart cities will have advanced technologies for monitoring citizens and planning, designing, and constructing their transportation networks and infrastructure. Future generations may live in a world with smart grids, buildings, and electronics. Using the smart grid is one proactive step toward lowering energy consumption. Its overall efficiency is about 90%, and its electric efficiency is 55% [22]. There is a tremendous multiplier impact when infrastructure businesses merge their digital technologies on a single intelligent platform for information accounting, analysis, and processing. Smart buildings will need new criteria from energy and capacity suppliers, such as installing additional production and grid capacity to provide a constant power supply. This research seeks to pinpoint remedies for future smart cities. Utopian ideals like these are characterised by advanced social and economic systems, concern for the environment, and a constantly growing body of knowledge [47].



Section 4 provides an overview of energy generating systems built to transform primary energy sources such as heat, electricity, and cold into secondary/alternative energy. Fossil fuels must be employed as a supplementary energy source to keep a system running smoothly all year round. Storing energy in a mechanical rotatory device is more expensive than a battery and only works for short bursts of time. Using pre-combustion CO2-capture techniques to synthesise other molecules such as water or fossil fuels is required to manufacture clean, carbon-free fuel. Most commonly, these ESSs are used in smart cities to store water for heating and cooling purposes in homes and businesses [92]. Moreover, Smart Energy Control Systems (SECS) have grown more commonplace in the smart homes scenario because of their ability to condition and regulate residential energy usage. The Smart Cities Energy Prediction Task Force uses STLF, SVM, and e-learning machines to predict electrical consumption [93]. Long-term and medium-term load forecasting are shown in Table 2 as the basis for the smart cities’ energy forecasting methods. Smart cities can reliably supply electricity to diverse needs by combining the grid’s intelligence with a distributed power management system. Both the vector minimum-maximum and the scalar mean have a common factor [94].



Section 5 gives the overview in contrast to smart cities. Sustainable development concerns of cities, including growth, equity, and preservation, were presented. In order to construct a smart city, it is necessary to modernise the energy sector and integrate ICT into the grid. New and existing buildings in smart cities use less energy and do more. Due to its complexity and significance, efficient energy management is one of the most challenging problems [95]. The methods presented in this overview open up possibilities for dialogue on smart city energy use and, by extension, economic growth. One of the many benefits of improving energy efficiency is a lower output of greenhouse gases. How to best use solar panels and batteries depends on factors such as the specific setup, the specific power needs, the specifics of the electrical market, and the controller itself [95].



Furthermore, different techniques are used in smart city electricity to address the future power. Innovative technologies, great living standards, and environmental friendliness are all part of the package. The energy sector’s stability and readiness to enter a new stage of electrification, in which electricity penetrates practically all domestic, industrial, and transportation systems and processes, thus drastically increasing their controllability and making them “greener,” are important factors in its development. Even though this study found that one of the primary goals of smart city efforts is to enhance the quality of life for citizens, no description was provided for exactly what this entails or how much it will cost the environment and society as a whole. This means that future attempts to define a “smart city” should address the cause-and-effect link between bettering one’s quality of life and implementing cutting-edge technology.







Author Contributions


Conceptualisation, M.G.M.A. and M.T.E.K.; methodology, M.G.M.A.; validation, M.G.M.A. and M.T.E.K.; formal analysis, M.G.M.A.; investigation, M.G.M.A.; data curation, M.G.M.A.; writing—original draft preparation, M.G.M.A.; writing—review and editing, M.G.M.A., M.T.E.K. and K.A.; supervision, M.T.E.K. and K.A.; project administration, M.T.E.K. and A.M.A. All authors have read and agreed to the published version of the manuscript.




Funding


This study was funded by the, Department of Electrical, Electronics and Computer Engineering, Centre for Distributed Power and Electronic Systems, Faculty of Engineering, Cape Peninsula University of Technology, PO Box 1906, Bellville, 7535, Cape Town, South Africa.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


We would like to thank the constructive feedback provided by the editors and reviewers.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Oberascher, M.; Rauch, W.; Sitzenfrei, R. Towards a smart water city: A comprehensive review of applications, data requirements, and communication technologies for integrated management. Sustain. Cities Soc. 2022, 76, 103442. [Google Scholar] [CrossRef]

	



Trindade, E.P.; Hinnig, M.P.F.; Da Costa, E.M.; Marques, J.S.; Bastos, R.C.; Yigitcanlar, T. Sustainable development of smart cities: A systematic review of the literature. J. Open Innov. Technol. Mark. Complex. 2017, 3, 11. [Google Scholar] [CrossRef]

	



Bagoury, S.M.E.; Yousef, P.H.A. Sustainable Development Goals and Smart Settlements. In Proceedings of the 1st International Conference on Towards a Better Quality of Life, El Gouna, Egypt, 24–26 November 2017; pp. 1–11. [Google Scholar]

	



Allahar, H. What are the Challenges of Building a Smart City? Technol. Innov. Manag. Rev. 2020, 10, 38–48. [Google Scholar] [CrossRef]

	



Tariq, M.A.U.R.; Faumatu, A.; Hussein, M.; Shahid, M.L.U.R.; Muttil, N. Smart City-Ranking of Major Australian Cities to Achieve a Smarter Future. Sustainability 2020, 12, 2797. [Google Scholar] [CrossRef]

	



Cariño, G. Smart Cities in Latin America: Reaches and Realities of a New Urban Model; Facultad de Filosofía y Letras UNAM: Ciudad de México, Mexico, 2017. [Google Scholar]

	



Moubarak, L.; Bakeer, L.; Rashed, A. Smart Urban Design in Egypt: Potentials And Challenges. In Proceedings of the 2nd International Conference on Sustainable Construction and Project Management- Sustainable Infrastructure and Transportation for Future Cities (ICSCPM18), Aswan, Egypt, 6 December 2018. [Google Scholar]

	



Batty, M.; Axhausen, K.W.; Giannotti, F.; Pozdnoukhov, A.; Bazzani, A.; Wachowicz, M.; Ouzounis, G.; Portugali, Y. Smart cities of the future. Eur. Phys. J. Spéc. Top. 2012, 214, 481–518. [Google Scholar] [CrossRef]

	



Li, B. Effective energy utilization through economic development for sustainable management in smart cities. Energy Rep. 2022, 8, 4975–4987. [Google Scholar] [CrossRef]

	



Xin, Q.; Alazab, M.; Díaz, V.G.; Montenegro-Marin, C.E.; Crespo, R.G. A deep learning architecture for power management in smart cities. Energy Rep. 2022, 8, 1568–1577. [Google Scholar] [CrossRef]

	



Achieng, M.; Ogundaini, O.; Makola, D.; Iyamu, T. The African Perspective of a Smart City: Conceptualisation of Context and Relevance. In Proceedings of the 2021 IST-Africa Conference (IST-Africa), Virtual,South Africa, 10–14 May 2021. [Google Scholar]

	



Telang, S.; Chel, A.; Nafdey, R.; Kaushik, G. Solar Energy for Sustainable Development of a Smart City; Springer: Cham, Switzerland, 2020; pp. 155–169. ISBN 978-3-030-53148-5. [Google Scholar] [CrossRef]

	



Band, S.S.; Ardabili, S.; Sookhak, M.; Chronopoulos, A.T.; Elnaffar, S.; Moslehpour, M.; Csaba, M.; Torok, B.; Pai, H.-T.; Mosavi, A. When Smart Cities Get Smarter via Machine Learning: An In-Depth Literature Review. IEEE Access 2022, 10, 60985–61015. [Google Scholar] [CrossRef]

	



Sutanto, D.; Cheng, K. Superconducting magnetic energy storage systems for power system applications. In Proceedings of the 2009 International Conference on Applied Superconductivity and Electromagnetic Devices, Chengdu, China, 25–27 September 2009; pp. 377–380. [Google Scholar] [CrossRef]

	



Padimiti, D.S.; Chowdhury, B.H. Superconducting Magnetic Energy Storage System (SMES) for Improved Dynamic System Performance. In Proceedings of the 2007 IEEE Power Engineering Society General Meeting, Tampa, FL, USA, 24–28 June 2007; pp. 1–6. [Google Scholar] [CrossRef]

	



Mboup, G.; Oyelaran-Oyeyinka, B. Relevance of Smart Economy in Smart Cities in Africa: Sustainable, Inclusive, Resilient and Prosperous. In Advances in 21st Century Human Settlements; Springer: Berlin/Heidelberg, Germany, 2019; pp. 1–49. ISBN 9789811334702. [Google Scholar]

	



Colmenar-Santos, A.; Molina-Ibáñez, E.-L.; Rosales-Asensio, E.; López-Rey, Á. Technical approach for the inclusion of superconducting magnetic energy storage in a smart city. Energy 2018, 158, 1080–1091. [Google Scholar] [CrossRef]

	



Brahim, G.B. Weather Conditions Impact on Electricity Consumption in Smart Homes: Machine Learning Based Prediction Model. In Proceedings of the 2021 8th International Conference on Electrical and Electronics Engineering (ICEEE), Antalya, Turkey, 9–11 April 2021; pp. 93–98. [Google Scholar]

	



Shen, M.; Tang, X.; Zhu, L.; Du, X.; Guizani, M. Privacy-Preserving Support Vector Machine Training over Blockchain-Based Encrypted IoT Data in Smart Cities. IEEE Internet Things J. 2019, 6, 7702–7712. [Google Scholar] [CrossRef]

	



Sikora-Fernandez, D.; Stawasz, D. The Concept of Smart City in the Theory and Practice of Urban Development Management. Rom. J. Reg. Sci. 2016, 10, 86–99. [Google Scholar]

	



Hassankhani, M.; Alidadi, M.; Sharifi, A.; Azhdari, A. Smart City and Crisis Management: Lessons for the COVID-19 Pandemic. Int. J. Environ. Res. Public Health 2021, 18, 7736. [Google Scholar] [CrossRef]

	



Mekhum, W. Smart Cities: Impact of renewable energy consumption, information and communication technologies and e-governance on CO2 emission. J. Secur. Sustain. Issues 2020, 9, 785–795. [Google Scholar] [CrossRef]

	



Elnur, M.; Prokhorova, V.; Makar, S.; Salikhov, G.; Bondarenko, A. Smart Cities in Future Energy System Architecture. Int. J. Energy Econ. Policy 2018, 8, 259–266. [Google Scholar]

	



Tiwari, A. “Smart City Technologies”: ‘An Ultimate Solution’ or Just Another Attempt to Solve Wicked Urban Problems; Springer: Berlin/Heidelberg, Germany, 2016. [Google Scholar]

	



Abdalla, W.; Renukappa, S.; Suresh, S. Managing COVID-19-related knowledge: A smart cities perspective. Knowl. Process Manag. 2022, 1–22. [Google Scholar] [CrossRef]

	



Javed, A.R.; Shahzad, F.; Rehman, S.U.; Bin Zikria, Y.; Razzak, I.; Jalil, Z.; Xu, G. Future smart cities: Requirements, emerging technologies, applications, challenges, and future aspects. Cities 2022, 129, 103794. [Google Scholar] [CrossRef]

	



Chen, L.; Zheng, T.; Mei, S.; Xue, X.; Liu, B.; Lu, Q. Review and prospect of compressed air energy storage system. J. Mod. Power Syst. Clean Energy 2016, 4, 529–541. [Google Scholar] [CrossRef]

	



Xu, Y.; Yan, C.; Liu, H.; Wang, J.; Yang, Z.; Jiang, Y. Smart energy systems: A critical review on design and operation optimization. Sustain. Cities Soc. 2020, 62, 102369. [Google Scholar] [CrossRef]

	



Rizwan, M.; Jamil, M. Smart Energy Management Systems and Renewable Energy Resources; AIP: College Park, MD, USA, 2021. [Google Scholar] [CrossRef]

	



El-Azab, R. Smart homes: Potentials and challenges. Clean Energy 2021, 5, 302–315. [Google Scholar] [CrossRef]

	



Saleem, M.U.; Usman, M.R.; Shakir, M. Design, Implementation, and Deployment of an IoT Based Smart Energy Management System. IEEE Access 2021, 9, 59649–59664. [Google Scholar] [CrossRef]

	



Brzezicki, M. A Systematic Review of the Most Recent Concepts in Smart Windows Technologies with a Focus on Electrochromics. Sustainability 2021, 13, 9604. [Google Scholar] [CrossRef]

	



Ma, Z.; Clausen, A.; Lin, Y.; Jørgensen, B.N. An overview of digitalization for the building-to-grid ecosystem. Energy Informatics 2021, 4, 36. [Google Scholar] [CrossRef]

	



Salimi, S.; Hammad, A. Critical review and research roadmap of office building energy management based on occupancy monitoring. Energy Build. 2019, 182, 214–241. [Google Scholar] [CrossRef]

	



Guo, M.; Xia, M.; Chen, Q. A review of regional energy internet in smart city from the perspective of energy community. Energy Rep. 2022, 8, 161–182. [Google Scholar] [CrossRef]

	



Ullah, F.; Thaheem, M.J.; Sepasgozar, S. Sustainable Smart Cities: Evaluation of Australian Practice. In Proceedings of the CONVR 2016 Proceedings of the 16th International Conference on Construction Applications of Virtual Reality, Hong Kong, China, 11–13 December 2016. [Google Scholar]

	



O’Dwyer, E.; Pan, I.; Acha, S.; Shah, N. Smart energy systems for sustainable smart cities: Current developments, trends and future directions. Appl. Energy 2019, 237, 581–597. [Google Scholar] [CrossRef]

	



Angelidou, M. The Role of Smart City Characteristics in the Plans of Fifteen Cities. J. Urban Technol. 2017, 24, 3–28. [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]

	



Oke, A.; Stephen, S.; Aigbavboa, C. Challenges in Smart Cities Development. In Smart Cities: A Panacea for Sustainable Development; VERLAG C.H.BECK: Munich, Germany, 2022; pp. 145–153. ISBN 978-1-80382-456-7. [Google Scholar]

	



Perboli, G.; Rosano, M. A Taxonomic Analysis of Smart City Projects in North America and Europe. Sustainability 2020, 12, 7813. [Google Scholar] [CrossRef]

	



Kumar, N. Superconducting Magnetic Energy Storage (SMES) System. In Optimization in Power System; Woodhead Publishing Series in Energy: Sawston Cambridge, UK, 2015; pp. 1–4. [Google Scholar]

	



Kong, D.; Miyatake, M. Energy Management of Superconducting Magnetic Energy Storage Applied to Urban Rail Transit for Regenerative Energy Recovery. In Proceedings of the 2020 23rd International Conference on Electrical Machines and Systems (ICEMS), Hamamatsu, Japan, 24–27 November 2020; pp. 2073–2077. [Google Scholar] [CrossRef]

	



Amaro, N.; Pina, J.M.; Martins, J.; Ceballos, J.M. Superconduting Magnetic Eenergy Storage—A Technological Contribute to Smart Grid Concept Implementation. In Proceedings of the 1st International Conference on Smart Grids and Green IT Systems (SMARTGREENS), Porto, Portugal, 19–20 April 2012; pp. 113–120. [Google Scholar] [CrossRef]

	



Monzon, A. Smart Cities Concept and Challenges: Bases for the Assessment of Smart City Projects. In Proceedings of the 2015 International Conference on Smart Cities and Green ICT Systems (SMARTGREENS), Lisbon, Portugal, 20–25 May 2015; pp. 1–11. [Google Scholar]

	



Miah, S.; Amin, R. Role of Technology in the Development of Smart Cities. Eng. Int. 2020, 8, 31–42. [Google Scholar] [CrossRef]

	



Petrov, M.P.; Arghandeh, R.; Broadwater, R. Concept and Application of Distributed Compressed Air Energy Storage Systems Integrated in Utility Networks; ASME: New York, NY, USA, 2013. [Google Scholar] [CrossRef]

	



Ramadan, O.; Omer, S.; Jradi, M.; Sabir, H.; Riffat, S. Analysis of compressed air energy storage for large-scale wind energy in Suez, Egypt. Int. J. Low-Carbon Technol. 2015, 11, 476–488. [Google Scholar] [CrossRef]

	



Sami, M.S.; Abrar, M.; Akram, R.; Hussain, M.M.; Nazir, M.H.; Khan, M.S.; Raza, S. Energy Management of Microgrids for Smart Cities: A Review. Energies 2021, 14, 5976. [Google Scholar] [CrossRef]

	



Chen, H.; Zhang, X.; Liu, J.; Chunqing, T. Compressed Air Energy Storage; InTechOpen: London, UK, 2013; ISBN 978-953-51-0951-8. [Google Scholar]

	



Warsi, N.A.; Siddiqui, A.S.; Kirmani, S.; Sarwar, M. Impact Assessment of Microgrid in Smart Cities: Indian Perspective. Technol. Econ. Smart Grids Sustain. Energy 2019, 4, 14. [Google Scholar] [CrossRef]

	



Sivadanam, N.; Bhookya, N.; Maheswarapu, S. Stochastic and Iterative Based Optimization for Enhancing Dynamic Performance of Interconnected Power System With Hybrid Energy Storage. Front. Energy Res. 2022, 10, 845686. [Google Scholar] [CrossRef]

	



Andrade, S.H.M.S.; Contente, G.O.; Rodrigues, L.B.; Lima, L.X.; Vijaykumar, N.L.; Frances, C.R.L. A Smart Home Architecture for Smart Energy Consumption in a Residence With Multiple Users. IEEE Access 2021, 9, 16807–16824. [Google Scholar] [CrossRef]

	



Pilipczuk, O. Sustainable Smart Cities and Energy Management: The Labor Market Perspective. Energies 2020, 13, 6084. [Google Scholar] [CrossRef]

	



Akcin, M.; Kaygusuz, A.; Karabiber, A.; Alagoz, S.; Alagoz, B.B.; Keles, C. Opportunities for energy efficiency in smart cities. In Proceedings of the 2016 4th International Istanbul Smart Grid Congress and Fair (ICSG), Istanbul, Turkey, 20–21 April 2016; pp. 1–5. [Google Scholar] [CrossRef]

	



Le, T.; Vo, M.T.; Vo, B.; Hwang, E.; Rho, S.; Baik, S.W. Improving Electric Energy Consumption Prediction Using CNN and Bi-LSTM. Appl. Sci. 2019, 9, 4237. [Google Scholar] [CrossRef]

	



Gellert, A.; Fiore, U.; Florea, A.; Chis, R.; Palmieri, F. Forecasting Electricity Consumption and Production in Smart Homes through Statistical Methods. Sustain. Cities Soc. 2022, 76, 103426. [Google Scholar] [CrossRef]

	



Fujimoto, Y.; Ishii, H.; Hayashi, Y. Designing Sustainable Smart Cities: Cooperative Energy Management Systems and Applications. IEEJ Trans. Electr. Electron. Eng. 2020, 15, 1256–1270. [Google Scholar] [CrossRef]

	



Kim, H.; Choi, H.; Kang, H.; An, J.; Yeom, S.; Hong, T. A systematic review of the smart energy conservation system: From smart homes to sustainable smart cities. Renew. Sustain. Energy Rev. 2021, 140, 110755. [Google Scholar] [CrossRef]

	



Strielkowski, W.; Veinbender, T.; Tvaronavičienė, M.; Lace, N. Economic efficiency and energy security of smart cities. Econ. Res. Ekon. Istraživanja 2020, 33, 788–803. [Google Scholar] [CrossRef]

	



Gellert, A.; Florea, A.; Fiore, U.; Palmieri, F.; Zanetti, P. A study on forecasting electricity production and consumption in smart cities and factories. Int. J. Inf. Manag. 2019, 49, 546–556. [Google Scholar] [CrossRef]

	



Manogaran, G.; Rodrigues, J.J.P.C.; Kozlov, S.A.; Manokaran, K. Conditional Support-Vector-Machine-Based Shared Adaptive Computing Model for Smart City Traffic Management. IEEE Trans. Comput. Soc. Syst. 2021, 9, 174–183. [Google Scholar] [CrossRef]

	



Ali, M.H.; Abd, A.M. Extreme Learning Machines (ELM) as Smart and Successful Tools in Prediction Cost and Delay in Construction Projects Management. IOP Conf. Series: Earth Environ. Sci. 2021, 856, 012041. [Google Scholar] [CrossRef]

	



Pirbazari, A.M.; Farmanbar, M.; Chakravorty, A.; Rong, C. Short-Term Load Forecasting Using Smart Meter Data: A Generalization Analysis. Processes 2020, 8, 484. [Google Scholar] [CrossRef]

	



Veeramsetty, V.; Chandra, D.R.; Salkuti, S.R. Short-term electric power load forecasting using factor analysis and long short-term memory for smart cities. Int. J. Circuit Theory Appl. 2021, 49, 1678–1703. [Google Scholar] [CrossRef]

	



Song, H.; Qin, A.K.; Salim, F.D. Multivariate electricity consumption prediction with Extreme Learning Machine. In Proceedings of the 2016 International Joint Conference on Neural Networks (IJCNN), Vancouver, BC, Canada, 24–29 July 2016; pp. 2313–2320. [Google Scholar] [CrossRef]

	



Minaye, E.; Matewose, M. Long Term Load Forecasting of Jimma Town for Sustainable Energy Supply. Int. J. Sci. Res. 2016, 5, 1500–1504. [Google Scholar]

	



Jung, S.-M.; Park, S.; Jung, S.-W.; Hwang, E. Monthly Electric Load Forecasting Using Transfer Learning for Smart Cities. Sustainability 2020, 12, 6364. [Google Scholar] [CrossRef]

	



Wei, Z.; Li, X.; Li, X.; Hu, Q.; Zhang, H.; Cui, P. Medium- and long-term electric power demand forecasting based on the big data of smart city. J. Physics: Conf. Ser. 2017, 887, 012025. [Google Scholar] [CrossRef]

	



Sathishkumar, V.E.; Shin, C.; Cho, Y. Efficient energy consumption prediction model for a data analytic-enabled industry building in a smart city. Build. Res. Inf. 2021, 49, 127–143. [Google Scholar] [CrossRef]

	



Rahman, A.; Al Masud, T.M.M.; Biswas, P. Prediction of Electric Energy Consumption using Recurrent Neural Networks. Int. J. Smartcare Home 2021, 15, 23–34. [Google Scholar] [CrossRef]

	



Shao, X.; Pu, C.; Zhang, Y.; Kim, C.S. Domain Fusion CNN-LSTM for Short-Term Power Consumption Forecasting. IEEE Access 2020, 8, 188352–188362. [Google Scholar] [CrossRef]

	



Nugaliyadde, A.; Somaratne, U.; Wong, K. Predicting Electricity Consumption Using Deep Recurrent Neural Networks. arXiv 2019, arXiv:1909.08182. [Google Scholar]

	



Pinto, F.C. Machine Learning Techniques for Energy Consumption Forecasting in Smart Cities Scenarios. In Proceedings of the Conferência da Associação Portuguesa de Sistemas de Informação (CAPSI) 2020 Proceedings, Porto, Portugal, 14–17 October 2020; pp. 1–14. [Google Scholar]

	



Masera, M.; Bompard, E.F.; Profumo, F.; Hadjsaid, N. Smart (Electricity) Grids for Smart Cities: Assessing Roles and Societal Impacts. Proc. IEEE 2018, 106, 613–625. [Google Scholar] [CrossRef]

	



Oke, A.E.; Stephen, S.S.; Aigbavboa, C.O.; Ogunsemi, D.R.; Aje, I.O.; Oke, A.E.; Stephen, S.S.; Aigbavboa, C.O.; Ogunsemi, D.R.; Aje, I.O. Introduction to Smart Cities. In Smart Cities: A Panacea for Sustainable Development; Emerald Publishing Limited: Bingley, UK, 2022; pp. 13–22. ISBN 978-1-80382-455-0. [Google Scholar]

	



Pla-Castells, M.; Martinez-Dura, J.J.; Samper-Zapater, J.J.; Cirilo-Gimeno, R.V. Use of ICT in Smart Cities. A practical case applied to traffic management in the city of Valencia. In Proceedings of the 2015 Smart Cities Symposium Prague (SCSP), Prague, Czech Republic, 24–25 June 2015; pp. 1–4. [Google Scholar] [CrossRef]

	



Czupich, M. The Role of ICT in the Smart City Concept. Olszt. Econ. J. 2019, 14, 63–74. [Google Scholar] [CrossRef]

	



Guo, Q.; Wang, Y.; Dong, X. Effects of smart city construction on energy saving and CO2 emission reduction: Evidence from China. Appl. Energy 2022, 313, 118879. [Google Scholar] [CrossRef]

	



Hajiabadi, M.; Farhadi, M.; Babaiyan, V.; Estebsari, A. Deep Learning with Loss Ensembles for Solar Power Prediction in Smart Cities. Smart Cities 2021, 3, 842–852. [Google Scholar] [CrossRef]

	



Alduailij, M.A.; Petri, I.; Rana, O.; Aldawood, A.S. Forecasting peak energy demand for smart buildings. J. Supercomput. 2020, 77, 6356–6380. [Google Scholar] [CrossRef]

	



Behzadfar, M.; Mahmoud, G.; Dadkhah, M.; Mohsen Haghighi, N. International Challenges of Smart Cities. Arman. Archit. Urban Dev. 2017, 10, 79–90. [Google Scholar]

	



Žofčinová, V.; Čajková, A.; Král, R. Local Leader and the Labour Law Position in the Context of the Smart City Concept through the Optics of the EU. TalTech J. Eur. Stud. 2022, 12, 3–26. [Google Scholar] [CrossRef]

	



Peráček, T.; Srebalová, M.; Filip, S. Slovak Self-governments’ Legislative Aspects of the Possibilities in Dealing with Nuclear and Other Extraordinary Events. Lex localis—J. Local Self-Government 2022, 20, 545–563. [Google Scholar] [CrossRef]

	



Troitino, D.R.; Kerikmäe, T. Europe facing the digital challenge: Obstacles and solutions. IDP 2021, 34, 1–3. [Google Scholar] [CrossRef]

	



Almalki, F.A.; Alsamhi, S.H.; Sahal, R.; Hassan, J.; Hawbani, A.; Rajput, N.S.; Saif, A.; Morgan, J.; Breslin, J. Green IoT for Eco-Friendly and Sustainable Smart Cities: Future Directions and Opportunities. Mob. Netw. Appl. 2021, 2021, 1–25. [Google Scholar] [CrossRef]

	



Sararu, C.-S. Considerations on the Public Services in the XXI Century. Jurid. Trib. —Trib. Jurid. 2016, 6, 160–166. [Google Scholar]

	



Goudarzi, S.; Anisi, M.H.; Soleymani, S.A.; Ayob, M.; Zeadally, S. An IoT-Based Prediction Technique for Efficient Energy Consumption in Buildings. IEEE Trans. Green Commun. Netw. 2021, 5, 2076–2088. [Google Scholar] [CrossRef]

	



Christantonis, K.; Tjortjis, C. Data Mining for Smart Cities: Predicting Electricity Consumption by Classification. In Proceedings of the 2019 10th International Conference on Information, Intelligence, Systems and Applications (IISA), Patras, Greece, 15–17 July 2019; pp. 1–7. [Google Scholar] [CrossRef]

	



Lea, R. Smart Cities: An Overview of the Technology Trends Driving Smart Cities; Lancaster University Library: Bailrigg, UK, 2017. [Google Scholar]

	



Ahammed, T.; Khan, I. Ensuring power quality and demand-side management through IoT-based smart meters in a developing country. Energy 2022, 250, 123747. [Google Scholar] [CrossRef]

	



Tiwari, S.; Jain, A.; Ahmed, N.M.O.S.; Charu; Alkwai, L.M.; Dafhalla, A.K.Y.; Hamad, S.A.S. Machine learning-based model for prediction of power consumption in smart grid- smart way towards smart city. Expert Syst. 2022, 39, e12832. [Google Scholar] [CrossRef]

	



Ajah, S.; Ibe-Ewo, O. Smart Energy System: The Panacea to Nigeria Epileptic Power Supply. In Proceedings of the 2nd International Conference of the IEEE Nigeria 2019, Zaria, Nigeria, 14–17 October 2019. [Google Scholar]

	



Smagowicz, J.; Szwed, C.; Dąbal, D.; Scholz, P. A Simulation Model of Power Demand Management by Manufacturing Enterprises under the Conditions of Energy Sector Transformation. Energies 2022, 15, 3013. [Google Scholar] [CrossRef]

	



Razmjoo, A.; Mirjalili, S.; Aliehyaei, M.; Østergaard, P.A.; Ahmadi, A.; Nezhad, M.M. Development of smart energy systems for communities: Technologies, policies and applications. Energy 2022, 248, 123540. [Google Scholar] [CrossRef]








[image: Smartcities 05 00071 g001 550] 





Figure 1. Features and technologies used in the smart cities. 
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Figure 2. Selected articles based on publication year (from 2007 to 2022). 
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Figure 3. Energy-management-system-based renewable energy in smart cities. 
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Figure 4. Energy consumption. 
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Table 1. Overview of smart cities energy.
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	Aspect
	Summary
	References





	Energy

management
	Since a smart city is a centre that efficiently manages its resources to provide its citizens with a high standard of life while remaining ecologically conscious, due to the complexity and significance of the energy networks in big urban centres, energy management is one of the most difficult challenges these areas face. Consequently, smart city efficiency relies greatly on intelligent residential energy management. Energy management encompasses demand-side management, peak load reduction, and carbon emission reduction. Risk management, efficiency, and sustainability are integral components of any energy management strategy in smart cities.
	[10,12,44,45,50,55,56,57,58,59,60]



	Energy Storage
	Since smart cities’ energy consumption uses cutting-edge technologies, global cities cannot run without a smart grid and some energy storage device. The Americas and Europe are anticipated to experience the largest impact from energy storage in smart cities, followed by Asia and the Pacific. Several energy storage methods are discussed, and the one with the greatest potential for widespread adoption is described here, with an in-depth examination of energy storage’s technological, economic, and consumer implications. Future European cities are highlighted, although the concept is applicable globally. Now widely available are direct-to-consumer energy storage solutions, such as electric vehicle (EV) charging stations, single-family houses, and neighbourhoods with energy storage systems (ESS). As a result, the community gains autonomy and improved energy management. Digital technology in the form of advanced metering infrastructure (AMI), distribution grid management, high-voltage transmission systems, and demand response is used to produce intelligent and integrated power transmission and distribution. The term “smart energy” refers to the production of electricity, heat, and transportation fuels from renewable sources and the consumption of energy more efficiently through improved design, high-efficiency technology, and conservation.
	[14,15,17,39,43,44,45,48,49,51,61,62]
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Table 2. Techniques used in smart cities’ energy forecast.
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	S/N
	Forecast Methods
	Reference





	1.
	Short-term load forecasting (STLF)
	[65,66,68]



	2.
	Medium-term load forecasting (MTLF)
	[57,70]



	3.
	Long-term load forecasting (LTLF)
	[53,68,70]



	4.
	Long short-term memory (LSTM)
	[41,57,66,68,70,73]



	5.
	Convolutional neural network (CNN)
	[41,57,66,68,70,73]



	6.
	Discrete wavelet transform (DWT)
	[73]



	7.
	Recurrent neural network (RNN)
	[72,74]
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