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    The Internet of Things (IoT) is an emerging technology that has enabled connection and communication between both virtual and physical objects, thereby improving our quality of life. The definition of IoT has evolved because of the convergence of numerous technologies such as embedded systems, commodity sensors, machine learning, and real-time analytics. IoT contributes towards the concept of connected vehicles, connected health, wearable technology, home automation, and appliances having remote monitoring capabilities. Even though these systems provide numerous advantages, the current centralized architecture brings forth numerous issues related to privacy, security, transparency, data integrity, and single point of failure. This, in turn, inhibits the future development of these IoT-based applications. Further, the radical digitization of industry coupled with the explosion of the Internet of Things (IoT) has set up a paradigm shift for industrial and manufacturing companies. Owing to these issues, it becomes necessary to integrate IoT with a distributed ledger technology. Blockchain technology, an immutable, shared, distributed ledger, is the most suitable choice for a variety of reasons. It stores the various transaction information in a peer-to-peer (P2P) network and promotes information sharing among the network users. Owing to the fault tolerance capabilities, decentralized architecture and cryptographic security benefits such as authentication, data integrity, pseudonymous identities, security analysts and researchers consider blockchain to resolve privacy and security issues of IoT. The use of hash functions, timestamps, and sophisticated cryptographic algorithms in blockchain technology enables a secure computing environment and provides a tamper-proof ledger that can safeguard against possible attacks. Also, blockchain is used in numerous applications such as healthcare, intelligent transportation, supply chain management, identity management, voting, and maintaining government records. Due to these reasons, blockchain is considered the most disruptive and emerging future technology that will provide numerous opportunities to various industries. The emerging and promising state-of-the-art IoT and blockchain technology motivated us to propose this book, focusing on various aspects of IoT and blockchain systems like trust management, identity management, security threats, and access control and privacy. The book provides a comprehensive discussion on integrating the IoT system with blockchain technology, highlights the benefits of integration, and how blockchain technology resolves the issues of IoT systems.
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      Abstract




      Smart Grid is defined as an intelligent electrical distribution system that offers bi-directional energy, which flows from producers to consumers, intending to optimize use to reduce costs and improve the performance of the electricity network, which requires a balance between generators, operators, and system distributors, providing benefits , including reduced power losses, lower costs, and better measurement of consumption with better control, enabling a reduction in carbon emissions. With sensors installed in the electrical networks sending data related to energy consumption directly from the consumer unit, they enable more effective and efficient network planning. Besides, the network is designed to reduce the occurrence and duration of power outages as much as possible. In it, electromechanical consumption meters are replaced by digital smart meters, representing a true revolution in energy supply, meaning that the Smart Grid is a system that automates not only the monitoring but the entire management of electricity use. This chapter contributes to the discussion and overview of Smart Grids, their applications in the current era, as well as categorizing and synthesizing the technology's potential.
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      1. INTRODUCTION




      The search for sustainability-related to digital transformation has created new possibilities for the world, with actions aimed at reducing environmental damage with a greater objective than simply saving, but it is necessary to make intelligent and conscious use of what is at disposal.




      Energy management is a prerequisite for a sustainable environment, and Smart Grids are an essential pillar for its achievement. The spread of renewable energy sources has led to a profound modernization of traditional electricity distribution systems and how they are effectively distributed. Smart Grid is defined as an intelligent electrical distribution system that delivers bi-directional energy flows from producers to consumers. Unlike traditional power grids, where power is generated by only one plant and distributed to end customers through the large transformer and substation networks, in Smart Grid, end customers also act as producers [1, 2].




      Internet of Things technology is enabling cities around the world to implement a series of digital transformation projects, such as reducing car traffic in major cities and energy consumption. In addition to its use in home life, IoT promises to revolutionize industries, the security market, and even the medical field. Electricity consumption was also largely impacted by technology. Efforts are being made to design and implement energy-efficient networks that use Smart Grid parameters and apply the Internet of Things, making it possible for the network to work in less time and reduce power consumption [3].




      A company's entire infrastructure depends on electricity, which requires continuous management of its use. In parallel with the search for sustainability, digital transformation has also added to the creation of new possibilities for managing this resource. The concept of this trend refers to a new power distribution architecture that can automate all management of electricity use. For the Smart Grid to function, it is necessary to switch analog meters to digital meters. These are safer, and especially intelligent, devices that enable the integration of information between other connected users [4].




      Smart Grid is generic for applying computational intelligence and networking skills to an electricity distribution system. In recent times, this concept has gained a lot of prominences , especially in Smart Grid projects that seek to improve operations, maintenance, and planning, ensuring that each component of the power grid can “talk” and “listen.”It is, therefore, a highly automated, efficient, self-healing, a bi-directional pathway of energy, enabling i nterconnected communications for a highly reliable and efficient utopian world of energy production and distribution [5].




      Considering that in many places, a power company will only know that service is disrupted if a customer calls in a Smart Grid scenario, the company will immediately know why certain network components, such as the use of smart meters in the affected area, have stopped to send sensor data. By ensuring that all network components, from transformers and power lines to household, commercial and industrial electrical meters, have IP addresses and are capable of using bidirectional communication, the company can manage distribution more efficiently. Also, it needs to be proactive in maintenance and respond to outages faster. So, another important component of Smart Grid technology is automation [6].




      Basically, it must communicate in an integrated automated way between components of the power grid, employ detection and measurement technologies, automated controls for distribution and repairs, better dashboard management, and decision support software. It is correct to say that a Smart Grid is an example of the Internet of Things (IoT), in which almost any object can be equipped with a unique identifier and given the ability to communicate over the web [7].




      A Smart Grid is equipped with sensors that collect and transmit data since this information transmission allows to automatically adjust the electricity flows. Remotely located controllers are then informed of the situation in real-time and can act immediately if there is a problem occurring virtually without human intervention. Besides, this type of grid can communicate with any smart meter , for example, turn on consumer appliances automatically when there is too much electricity on the grid, and its prices are therefore lower [8].




      One of Smart Grid's biggest advantages is the ability to track energy performance in real-time. Unlike the traditional meter, where consumption data is collected once a month, digital allows constant tracking. In this way, irregularities are quickly identified and predictive, preventive, and corrective actions can be taken to avoid waste and set goals to improve the company's energy consumption. Also, a more sustainable business model is established, as it enables the reduction of carbon dioxide emissions and other pollutant residues [9].




      Smart Grid is a promise of a flexible, resilient, performance-safe power grid that allows network resources to be exploited in real-time to optimize productivity. Characterized by the deployment of many thousands of intelligent and interactive control devices, sensors and meters, it ensures the correct interaction between all these elements, as well as significantly improving the network's efficiency, reliability, and freedom for the end customer to control. their consumption conditions [10].




      Among leading distribution automation and distributed power resource applications, this model can provide intelligent energy storage and provide real-time response to fluctuating demand. All this plus client-side demand management from a two-way conversation between devices on the network and also intelligent consumer devices on the edge of the user. In addition to placing the customer “in control” of their own energy use, this ploy ensures highly automated flexible distribution, encouraging the release or containment of consumption according to the load's circumstances over the infrastructure [11].




      Just as the Internet of Energy (IoE) is a technological term that refers to the upgrading and automation of electricity infrastructures, allowing energy production to advance more efficiently and cleanly with the least amount of waste, being a derivation brought by the increasingly prominent market of IoT technology, which helped develop the distributed energy systems that makeup IoE [12].




      The technology surrounding IoE can be quite a complex concept, since it is the use of IoT technology, which refers to the idea of connecting devices to the Internet with a variety of different power systems, including smartphones, tablets, and mobile devices from television to major appliances, headsets, and cars [13].




      IoT is reaching a branch of applications by creating a sensor network with multiple possibilities such as power monitoring and demand-side power management, and IoT-enabled consumer appliances could help balance energy demand, who operate in a scenario since a washing machine can be connected to the internet and turned on only when there is sufficient solar power on the grid, even for consumers, the use of off-peak energy can save money [7, 12, 13].




      Therefore, this chapter aims to provide an updated overview of Smart Grids, showing and approaching its success relationship, with a concise bibliographic background, categorizing, and synthesizing the potential of technology.




      The present chapter is organized as follows: Section 2 argues Smart Cities concepts. Section 3 lectures the Smart Grid concepts. Section 4 speaks about Smart Grid and its infrastructure. Section 5 presents how a current discussion around the technologies covered. In section 6 the conclusions of the research are presented, finally, Section 7, presents future trends for Smart Grid.


    




    

      2. SMART CITIES CONCEPTS




      Cities are achieving rapid evolution along with increasing population levels, while new challenges are appearing in parallel, which leads to the need for public development aiming at continuous improvements that support more quality of life. It is in this sense that smart cities, with the concept that involves the need to build a city adapted to current needs, and, at the same time, prepared for the future, focused on improving the comfort of its inhabitants, allowing more efficient mobility, to have connectivity and to be sustainable, are planned together with digital transformation, creating more opportunities for the population and economic growth [14].




      Smart Cities are those that use information and communication technologies to provide more security, socioeconomic stability, sustainability, and reduced cost of living, that is, it is an innovative urban ecosystem characterized by the widespread use of technology in the management of its resources and infrastructure, i.e., in a smart city where everything becomes connected, it is possible to have high-speed public Wi-Fi for everyone and the interconnected functioning of lighting, traffic, public transport systems, among others. Thus, technology and innovation are merged in a coordinated and integrated way with the traditional urban infrastructure [15].




      In many cities across the globe, this evolution is still in its early stages and presents several challenges related to the provision of essential services in an intelligent way, such as energy, transport, health, education, among others. Therefore, for a city to be considered intelligent, the environment, the economy, and society must be interconnected and coexist, creating a unified ecosystem, i.e., this process involves several aspects of development, such as efficiency and management of public lighting and telecommunications networks that allow offering services in real-time to connected users, development of mobility solutions to save time and reduce pollution, buildings with positive energy coefficient, optimization of waste management, for example. Infrastructure is essential to define how the main services will be made available, offering several possibilities of support with the promotion of the effectiveness of the processes [16].




      Digital Cities are not only synonymous with Smart Cities, since the first focus only on the implementation of free internet signal distribution points throughout the territory, while the second represents all unified technologies, with a connection between the various technological initiatives, resulting in the efficiency in the use of resources, mobility, and services [17].




      The resources are used to promote public policy based on some important points in population development, improving the quality of life and the services offered, such as urban and organizational planning; improving transportation services, and developing new models that can be sustainable and affordable for the entire population; better community life; easy mobility; modern architecture and infrastructure; advanced technologies and resources; clean energy; more efficient and organized emergency services, being possible, mainly related to the optimization of response times; implementation of technologies in school environments, with easy access to equalizing the opportunities of all students; as well as the replacement of printed teaching materials with digital versions [18].




      Smart Cities is an urban model based on the use of information and communication technologies, approaching the vision of the future built on decisive, independent, and conscious attitudes of the different actors of the urban space, such as government, civil society, and academia in the dimensions of economy, governance, mobility, people, environment and quality of life. Where common aspects are environmental issues (energy production, waste management, and others), communication between different users (companies, collectives, institutions, and individuals), use of information and communication technologies to improve the operational functioning of the network, social aspects (health care, education and cultural services available) and urban efficiency [19].




      The phases of building a smart city range from public lighting networks to remote management of urban equipment, electromobility, applications for the operation and maintenance of urban assets and interface with citizens, distributed energy generation, hypervisor, and operation centers. Technological resources allow for a more balanced urban expansion, aiming at sustainability and democracy. Enabling the reduction of the barrier that exists between citizens and the administration, through technological resources that make it possible to obtain information and services [20].




      Since one of the main objectives of the smart city is to promote sustainability, that it is necessary to have planned, acting in the whole process of implantation, review, operation, and maintenance of resources, from the most common ones as urban lighting to reach, among others objectives, energy savings with luminous efficiency and high availability rates, aiming at an efficient functioning of the commercial, residential and business areas of the region, making it easier to obtain services and leisure, also counting on the distribution of green areas, encouraging integration between all built environments. In addition to lighting, traffic lights, and equipment for remote management, which help to streamline and optimize traffic control, contributing to improving the environmental quality of emblematic urban buildings and improving the management capacity of cities with intelligent technology applications [21].




      The development of transport infrastructures, with intelligent electric trams, recover the energy generated by braking, or even with the installation of charging stations for electric vehicles. Creating an intelligent ecosystem with the principle of respecting and promoting ecological actions, paying attention to sustainable eco-development. Thus, there is a concern to reduce heat islands, making the distribution of green areas more functional, generating well-being for the population, and still considering a view of nature [14, 18, 21].




      Smart City is a concept based on recent technological innovations that make municipalities optimized, enabling planned growth for the benefit of human beings, since naturally the concept is also designed to focus on the population and the essential measures for its good functioning, implementation of urban environments based on interaction and social inclusion [15, 20, 21].




      Thus, smart cities tend to improve people's lifestyles, helping the environment, management, and the community to get involved with more quality and efficiency, combining fundamental elements such as transformative social project, sustainability, and administrative autonomy, evaluating categories such as mobility, environment, technology and innovation, urbanism, economy, education, health, security, entrepreneurship, governance, and energy. Which generates a transformation of urban infrastructures, integrating the citizen, and adding management and sustainability capacity for the construction of increasingly intelligent cities [16, 21, 22].


    




    

      



      3. SMART GRID CONCEPTS




      Energy management is a requirement for a sustainable environment and smart grids represent an essential pillar for its achievement since the dissemination of renewable energy sources has led to a profound modernization of traditional electricity distribution systems and in the way of distribution over there. Together with the search for sustainability, the digital transformation has also added to the creation of new possibilities for the management of electric energy, aiming at reducing environmental damage with the objective of more than simply saving, that is, making intelligent and conscious use. Therefore, a way was developed to optimize energy production intelligently using technology such as IoT, giving rise to Smart Grid [1, 2, 20-22].




      Smart Grid is generic for the application of computational intelligence with Internet of Things (IoT) devices, in which almost any object can be equipped with a unique identifier and receive the ability to communicate through the web, and network resources to one electricity distribution system, provided that the Internet of Things (IoT) technology allows the implementation of a series of digital transformation projects [3, 21, 22].




      

        



        3.1. Smart Grid and IoT




        Considering the concept of IoT where all digital devices can interconnect, using the internet, making it possible to remotely control all connected devices since the technology has known potential for revolution and industrial innovation such as the automobile, security, medical, smart cities, and recently electricity consumption. And so, allowing users to integrate communication systems, control energy and electrical flow, measure consumption, monitor the health of their systems, and automate their energy systems, among other applications [23].




        Characterized by the implementation of many thousands of control devices, sensors that allow to automatically adjust the electricity flows, controllers that are located remotely, are informed of the situation in real-time and can act immediately if there is a problem, practically without the need for intervention human, and interactive and intelligent meters, Smart Grid not only guarantees the correct interaction between all these elements, but also provides the expressive improvement of the network in terms of efficiency, reliability, and freedom for the final customer to control their consumption conditions [24].




        Smart Grid is not a project to be implemented but an evolution, in this sense it is necessary to plan the implementation of an architecture that, continuously, includes new technologies adopted, always taking into account the importance of integration between them. The implementation of Smart Grid, in practice, means in cutting edge technologies, such as IoT, Artificial Intelligence, and cloud computing, implementing sensors and software to deal with this information, making the devices installed on the network allow the identification of fluctuations or peak consumption at certain points, causing this captured data to be sent to the software, which can generate reports or act according to pre-established measures [2, 6, 24].


      




      

        



        3.2. Smart Grid Applications




        Besides, this type of network can communicate with any smart meter and, connecting consumers' appliances automatically at specific times to reduce financial expenses with electricity, for example. Thus, the monitoring and exchange of information on energy flows are additional applications of Smart Grids, through this use of smart meters, automatic control devices, smart switches, and appliances, making the Grid able to anticipate demands in advance expected energy consumption and adapt production and consumption, consequently avoiding peak loads, eliminating possible blackouts and acting promptly in case of failures [4, 24].




        Among the main automation applications through Smart Grid, distributing and generating distributed energy resources, especially in smart grid projects that seek to improve operations, maintenance, and planning, ensuring that each component of the power grid can “speak” and "listen", are the possibility to provide intelligent energy storage and offer a real-time response to fluctuations and demand management from the client-side, based on "bidirectional conversation" between devices on the network and consumer devices as well on the user's edge [25].




        From the customer's point of view, information related to electricity consumption can also be delivered, to raise awareness about consumption habits and encourage more rational use of energy, giving “control” of your own energy use, ensuring flexible distribution highly automated, encouraging the release or containment of consumption according to the circumstances of the load on the infrastructure. Since the distributors can offer incentives to conscious consumption or even flexibility in the tariffs charged according to the consumption profile [26].




        From a structural point of view, a distributor will only know that the service is interrupted if a customer complaint, in contrast, in a Smart Grid scenario, the company will know immediately why certain components of the network, considering the smart meters in the affected area have stopped sending sensor data. Therefore, obtaining a vision of an automated, efficient, and self-recovering bidirectional way of energy and interconnected communications, suggesting a highly reliable and efficient energy production and distribution environment [5, 26].




        In the context of Smart Grid, it is ensured that all components of the network, from transformers and power lines to domestic, commercial, and industrial electrical meters, have IP addresses and can use bidirectional communication, enabling more distribution management efficiency. Still considering the proactive ability to maintain and respond to interruptions more quickly. However, one of the biggest problems with the deployment of these many thousands of smart devices and characterized by dispersion is exactly how to control them. Related to the dissemination of control points, making a control issue highly critical, that is, there is a great demand for resources to ensure communication with each of these devices and protect them from cyber threats [27].




        In this respect, encryptions with a minimum key size of 128 bits are the minimum initial criteria for protecting the data flow and devices in this configuration, since 256-bit keys are indispensable. As well as public-key infrastructure technology (PKI), consisting of a system of resources, policies, and services that support the use of public-key cryptography to authenticate the parties involved in the transaction. There is no single standard that defines the components of public-key infrastructure, but a public-key infrastructure generally includes Certification Authorities (CAs) such as Issuing digital certificates, validating digital certificates, Revoking digital certificates, and public-key distribution and Registration Authorities (RAs). The most suitable technology to ensure that each device has a unique key so that in case an invasion occurs on a device, it does not mean access to the entire system [28].


      




      

        



        3.3. Smart Grid Advantages




        One of the biggest advantages of Smart Grid is the possibility of monitoring energy performance in real-time, in contrast to the traditional meter, in which consumption data is collected once a month, digital allows constant monitoring. Another important component of Smart Grid is automation since it is present in the integrated automated communication between components of the electrical network; automated controls for distribution and repairs; detection and measurement technologies; better management of dashboards and decision support software, among other aspects. In this way, irregularities are quickly identified, and predictive, preventive, and corrective actions can be adopted avoiding waste and establishing goals that improve energy consumption, whether for the company or the end customer, establishing a more sustainable business model enabling the reduction of emissions carbon dioxide and other polluting waste [4, 28].




        Making a contrast analogy between the characteristics that differentiate a traditional electrical network from a Smart Grid are the flexibility, which facilitates the management of variations in generation and consumption; accessibility related to all the different energy sources that can be integrated into the network, and due to the interconnections present, consumers can take advantage of the renewable energy generated in large quantities in distant regions, when there is not enough in the locality; reliability due to information sent in real-time and remote network management, the risk of power outages and incidents is reduced; and from an economic point of view concerning better management results in reduced costs [29].




        In this way, Smart Grids is defined as an intelligent electrical distribution system that offers bi-directional energy flows from producers to consumers, which benefit from reduced power losses, lower costs, and better measurement of consumption with better control, enabling a reduction in carbon emissions. Still considering that with Smart Grid, end customers also act as producers, which, unlike traditional energy networks, energy is generated only by a plant and distributed to end customers through large networks of transformers and substations. In the context of energy production in Smart Grid, the energy produced by consumers in “microgrids”, which can be through wind turbines, solar panels, among other forms, is sent to the main Grid, which, in turn, performs the management and storage [30].




        Thus, a Smart Grid is an intelligent electrical network that reduces costs, optimizes management, and enables better control by electric companies, domestic consumers, and companies. They can also be integrated with Smart Cities for the development of other services, taking energy performance to a new level, ensuring quality, safety, and financial return. As long as there is an efficiently planned system, it allows adaptation, monitoring, and administration in real-time energy consumption, avoiding failures to the multiple energy sources connected to the system. It is a trend that not only solves infrastructure problems but can be considered a first step for cities and companies to take their intelligent path through the digital age [30, 31].


      


    




    

      



      4. SMART GRID INFRASTRUCTURE




      Smart meters are devices used to measure electricity consumption regularly and the integration of the electrical network as a whole is facilitated by the large flow of information through them, as long as they allow the bidirectional flow of energy, in addition to performing the collecting a lot of information about consumption. It is also possible to know the offers and demands of energy in each region and their respective variations over time, which through this information makes it possible to achieve a better distribution of energy avoiding that there is little supply for regions that have a lot of demand. In this sense, more detailed energy monitoring and charging can be done, compared to traditional meters [32].




      A Smart Grid is composed of a structure composed of basically three networks taking into account that each household has its own network, consisting of a HAN (Home Area Network) which is the smallest of the networks and is present in each residence, and is composed of microgeneration’s of each household, such as solar panels on the roof of the houses and smart energy-consuming devices, it connects these smart, energy-consuming devices, and micro-generations if any. Regarding all information and data related to the electrical consumption and energy production of each HAN, the occurrence of blackouts, and the overall quality of energy use are stored in a smart meter [33].




      In the same sense that the set of several meters in a neighborhood makes up a NAN (Neighborhood Area Network), since the energy demand of several NANs in a region is sent to a data concentrator, which processes this information and sends it to the concessionaire, considering also that each such NAN network sends the information to a data concentrator, which is connected to the measurement management center via a WAN (Wide Area Network) network. Thus, a HAN is the home network, at that same level there is the BAN (Bussiness Area Network), which is a type of commercial network; the NAN would be the neighborhood network comprising multiple HAN; and finally, the WAN encompasses multiple NANs. In the same way that a type of protocol is necessary for this communication since many of the meters and sensors, smart generators, and other IoT devices have some type of information processing done by microprocessors, it is convenient to use communication protocols similar to those of computer networks [34].




      One of these protocols that can be used is DNP3, which has functions equivalent to some layers of the OSI model, having functions for data multiplexing and also division and packaging functions, it is an open-source communication protocol, it defines two types of stations, a master and another slave/outstation, which is useful for using different devices in the same medium, data prioritization, error checking, addressing services (data link layer), transport (transport layer) and functions application (application layer), for an interface between the user and the system because it enables the communication between devices within an automation system such as smart grids [35].




      Another example is PROFINET which is an Ethernet-based protocol for connecting process devices such as sensors, actuators, and devices similar to control systems, following the IEEE 802 Ethernet standard in IEC 61784 and IEC 61158, meaning the possibility of connecting an appliance and an electric meter on the same network. Just like PROFIBUS, which is a traditional digital protocol based on serial communication [36, 37].




      Furthermore, the TCP/IP (Transmission Control Protocol/Internet Protocol) protocols are the main protocol for sending and receiving data over the internet. And UDP/IP also based on the sending of information packets to speed up the data sending process but removing all the error checking part of TCP/IP, since all the communication steps necessary to verify the integrity of a package and to resend it, if necessary, contribute to slowing it down. The use of these protocols due to the wide use of such protocols on the internet, facilitates, even more, the creation of the internet of things, in which all devices are smart and connected to the internet [38].




      However, the implementation of the smart grid is still a slow, costly process, both the installation of its infrastructure and the equipment that the user must have access to obtain the benefits of the smart grid, such as solar panels, for example and is still in progress development around the globe and it is a distant reality for developing countries [39, 40].




      Still considering the disadvantage concerning opportunities for fraud and cyber-attacks, it is necessary to invest more in this area, because the number of such devices on the network is large, causing immense growth in the data flow, which is constant. Still reflecting on another point that is the existence of protocols that are proprietary that many energy distribution companies create to make their automation systems [39, 40].


    




    

      



      5. DISCUSSION




      Many large urban centers around the world, housing millions of inhabitants, still have little planning and unrestrained growth based on car dependence, facing a series of challenges such as lack of mobility, floods, heat islands, polluted rivers, among other aspects. Resolving these bottlenecks is not a simple task, but it is possible. Requiring smaller projects, local actions, with the application of intelligence on urban roads that can be the start for a giant transformation, it is necessary to start small and then scales, that is, start to apply solutions in condominiums, neighborhoods, and finally, have a sustainable city, for example.




      Large cities have a challenge ahead of them in terms of infrastructure problems and, at the same time, integrate into the digital age, and in this scenario, Smart Grids for smart cities can enable various utilities, such as remote lighting monitoring, public security, water and gas supply, electricity distribution and traffic control.




      The transformations of cities reflect the wishes and new behaviors of society, however, in certain dimensions of the smart city, technology has a more decisive role, such as in energy networks, mobility, and management of natural resources; while, on the other hand, there are dimensions where they do not have as much protagonist, such as education, culture, social and political inclusion. In parallel, governments, companies, and institutions must adhere to the ecosystem of a Smart City and Smart Grid promoting actions for sustainable and technological development, always focusing on people.




      Technology is just one of several resources that can result in greater economic, human, and environmental sustainability in smart cities since the effectiveness of these systems concerning the objective of the concept of a smart city will depend on the results they present in a perspective centered on citizens taking into account scalable alternatives that can be adopted to improve the quality of life. For cities to become more and more intelligent, understanding the smart city not only by the use of digital technologies, but by the evaluation of categories such as mobility, urbanism, economy, education, health, environment, technology and innovation, security, entrepreneurship, governance, and energy, to remodel the infrastructure of an urban center, considering the joint efforts of the public and private sectors, in addition to civil society initiatives.




      

        



        5.1. Infrastructure generated by Smart Grid




        Creation of distributed green infrastructure to improve drainage, microclimate, biodiversity, and access to free areas, for example with the construction of bio-valets and rain gardens, which respect the natural course of the land, leading rainwater to spaces with native plants, forming natural gardens rich in biodiversity, removing the overload of the public network and restoring the natural hydrological cycle with the recharge of the water table.




        Considering the efficient water management as to the control and treatment of rainwater and sewage, control and restoration of floods, and adopt innovative measures to protect watersheds. In addition to not suffering from polluted rivers and supply crises, its inhabitants find sources of drinking water in different parts of the city. Use of energy-saving systems and generation of energy from renewable sources, encouraging the use of alternative energies such as solar and wind. Data transparency and civil society engagement with the use of Big Data as a powerful tool for the education and engagement of the population in public management, providing data and graphics without any filter, separated by social sector such as Health, Housing, Environment, Transport, among others, transparently and automatically, essential for the cooperative management of the smart, democratic and inclusive city.




        In a didactic context what turns the cell phone into a smartphone is the computer that exists within it, in this analogy, Smart Grids through all the technology inserted in it, take the electrical network to the digital age. Since these smart grids need to be composed of smart electronic meters at various stages of the transmission and distribution of electricity.




        P eople are consuming more and more electricity every day, in addition to essential equipment for any home, such as an electric shower, refrigerator, television, coffee maker, microwave, cell phones and chargers, computers and notebooks and, a multitude of gadgets, iron ironing, among several other appliances, and to save natural and financial resources, it is necessary to reduce energy consumption or consume it more intelligently. For this purpose, Smart Grid emerges as an efficient system.


      




      

        



        5.2. Smart Grid as an Instrument of Innovation




        Smart Grid is a system that automates not only the monitoring but the entire management of electricity use. This technology is based on a new, more secure, and intelligent electricity distribution architecture, which promotes integration and enables actions for users connected to it. Due to the high level of added technology, smart grids can respond to various demands of modern society, both in terms of energy needs and concerning sustainable development.




        Smart grids are intelligent networks for the transmission and distribution of energy, which control the generation of energy and avoid overloading the network since all the time only as much energy is generated as necessary, based on interactive communication between all parts of the network energy conversion chain, connecting decentralized large and small power generation units with consumers to form a broad structure.




        Smart grids have also been identified as a providential tool for countries to adjust to the demands resulting from the Kyoto Protocol, since this has the objective of reducing the emission of greenhouse gases and the consequent global warming, to mitigate the impact of environmental problems caused by the models of industrial development and consumption in force on the planet. What considers the power generation systems of developed countries are based on the consumption of fossil fuels, i.e., the main emitters of gases that cause the greenhouse effect. In these countries, smart grids are identified as the instrument that will allow the dissemination of renewable energy sources, through the concepts of distributed generation and microgeneration. Smart grids allow the connection of small wind generation systems (driven by the force of the wind) and photovoltaics (plates that take advantage of sunlight) and in low voltage consumers (residential and commercial customers), in addition to enabling the operation of these systems in tune with the entire electrical system. In this way, it will be possible to expand power generation in a decentralized way (without the need to build large and expensive generation projects), and in a pulverized way (allowing the final consumer to be a micro-generator of energy).


      




      

        



        5.3. Smart Grid Benefits




        Smart Grids use the roofs of the houses to generate solar energy since the photovoltaic roof generates a good amount of electricity. Without the smart grid, a house that manages this energy is restricted to charging batteries, like those of the electric vehicle. With it, the house can supply this energy to the grid, in addition to storing it in its batteries. This avoids waste,after all, it is the intelligent use of energy generation that will not be consumed or stored. Still considering that electric cars can help in storage and smart grid, in distribution. What is far beyond electrification of transport, is a form of energy use that does not generate pollution, i.e., electric energy.




        Another benefit of smart grids is the possibility of establishing a more accurate control of commercial fraud or operational energy losses, which can be identified through changes in consumption behavior. Smart grids connect decentralized generation units large and small with consumers to form a broad structure. They control the generation of energy and avoid overloading the network since all the time only as much energy is generated as necessary. These characteristics offer smart cities advantages, such as greater security of energy supply and reduction of investments in the expansion of the transmission and distribution system itself, as well as of the generating complex.




        Through smart grids, instead of a few power generators, there may be several generators distributed throughout the network, which will reduce losses since the path between suppliers and consumers will be much shorter.




        With the advent of smart grids, it is possible that the vehicle not only charges itself in the electrical network but also that returns energy to the electrical system if it is convenient. Since the technology allows not only the car to consume electricity from the grid when charging its batteries, but at peak consumption times, when people normally have returned home, the electric car can supply electricity to the grid. In some countries, electricity supplied at certain times, such as at dawn, is cheaper than that sold at peak times. With this, it is possible to recharge batteries at times when energy is cheaper and sell energy to the system when it is more expensive.




        Innovations as a result of research and development of projects aimed at Smart Grids can be seen in electric cars fueled in the garage of the home, online monitoring of energy consumption, energy savings through intelligent systems and devices, residential power grid integrated with alternative energy sources, automatic detection and correction of power outages and cities transformed by automation and energy efficiency, technology and process automation, intelligent sensors capable of measuring energy quality providing the sending and receiving of information in time among many other applications allowing for more efficient energy consumption, for better use of network automation equipment to maximize its potential in the event of power outages.


      




      

        



        5.4. Blockchain for Smart Grids




        Blockchain technology consists of blocks (including a link with the previous block that links the two) that contain timestamps (time stamps) of batches of valid transactions, so these linked blocks form a chain with only one successor and one predecessor, it is an extraordinary innovation to be used in Smart Grid, offering more security, automation, and efficiency of operation and maintenance, including measurements for billing, expansion of digital security, the communication of IoT devices, which allows the collection of new types of data from sensors installed remotely. This whole process uses strong cryptography requiring a huge computational effort to break it since the blocks are stored on a distributed computer network and every new transaction is authenticated.




        Currently, the traditional system used by the electric power system is complex to handle and operate, since everything is practically mechanical, yet pondering that several processes are difficult and even depend on manual operations. On the other hand, Smart Grid generates flexibility to perform several automated operations, even those remote operations. Still pondering that one of the differentials of the technology is the Smart Meters, making it possible to monitor data in real-time and still act in some actions, such as cutting off the power reconnection (acting remotely) and monitoring the load itself to be consumed by a given region. However, through this information technology environment, data traffic is naturally generated on the network, which opens loopholes for this new system to suffer cyber-attacks.




        The use of Blockchain technology in Smart Grid offers the advantage of using a single data transport technology, safely, for various applications such as monitoring, control, and measurement. In this way, energy, gas, and water utilities could use a shared computer network infrastructure to transport remote data. Due to the distributed design of blockchain technology, the risks of service paralysis due to failure in a node are minimized, increasing the availability of services.


      


    




    

      



      CONCLUSION




      Considering that the obsolescence of the current electric grid in the future will not be able to supply the growing demand from consumers, it stimulates the need for an improvement of the grid and even reflecting on modern renewable sources, such as wind, solar, and wave, depending on external factors to determine its generation, such as the presence of winds and sunny days. The context of a Smart Grid makes it possible to store this energy and future replacement while maintaining the balance of the electrical system.




      Since society lives in an era of greater awareness and concern regarding issues of sustainability and better use of natural resources, taking into account the new demands related to the energy sector, it is extremely important to use these resources more efficiently, conscious ly , and intelligent ly . So, intelligent action is to have better use guaranteed by the reduction of waste, making evident that changes are essential for the continuous growth of society.




      Besides, investments in energy storage and production solutions accelerate this energy revolution related to the Smart Grid, which is a new architecture of electricity distribution, safer and more intelligent, which integrates and enables actions for all users to be connected, to increase the performance of the electrical network through savings in production and operation, increasing its electrical stability and reducing pollution and showing a system less susceptible to failures.




      However, despite the improvements brought about by the modernization of the network, it implies the need for investments in several areas, such as research, infrastructure, and security, composing a complex and not yet fully developed theme, which is based on the automation of new networks with quality meters , which provi de s more efficient energy consumption, allows the sending and receiving of information in real-time, and requires the formulation of well-structured projects for its gradual implementation.




      In the Smart Grid concept, the flow of electricity and information takes place in a bidirectional manner, introducing a two-way dialogue, where electricity and information can be exchanged between suppliers and consumers. Thus, the energy traditionally generated, transmitted, and distributed radially from the concessionaires' facilities may be integrated into the electrical networks from consumer units, in addition to monitoring energy consumption, revolutionizing the electrical infrastructure, contributing to the movement of the use of clean energy, meeting expectations related to sustainability. Furthermore, from the digitization of processes , equipment, and protocols, intelligent sensors will be able to measure the quality of the energy.




      The logic of Smart Grid is in one word: intelligence, enabling efficient transmission of the generation, distribution, and consumption of electricity, avoiding waste, combating energy inefficiency, that is, the loss of energy along with the transmission, making more use aware and providing real-time information.




      However, security and privacy issues are still sensitive points of this concept, and for this reason, it is an area that still needs research and further development to reach a fully functioning stage.


    




    

      TRENDS




      The microgrid is an intelligent, independent, and reliable network that allows the integration, management, and optimization of the use of energy resources, which is defined by the integration of several distributed generation resources, energy storage, and loads in a small system capable of operating connected to the main network and, in cases of emergency or scheduled events, to operate in isolation, controlling the frequency and voltage and providing conditions for recovery actions. This system is completely modular and adaptable to your needs [40, 41].




      A microgrid can work either connected to the local distributor's electrical network or in an isolated way, that is, totally independent of the electrical network, integrating and managing all sources of generation, storage, and energy consumption points. Acting autonomously, the system analyzes in detail the way energy is consumed offering the best solution for each moment, i.e., the system can be optimized so that if there is a higher cost-benefit, between a solar generation and a storage system of energy, solar energy will be stored and dispatched at peak times [41].




      Smart Grid offers interoperability laying the foundations for expanding the level of applications by providing a platform for advanced metering infrastructure or used for charging electric vehicles, to support functions such as charging, charging, load limitation, storage, and more. Pointing to an increasingly extensive list of technological possibilities for the energy sector, which should evolve within its characteristics, allowing the establishment of an evolutionary vision and to add value with innovative technologies and applications to the electric power network [42].
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