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This paper focuses on the strategies that employ the fifth generation (5G) wireless networks in the optimal management of demand-side response in the future energy systems with the high penetration of renewable energy sources (RES). It also provides a comparison between advantages and challenges of 5G networks in demand-response renewable energy grids. Large-scale renewable energy integration always leads to a mismatch between generation and load demand in the short run due to the intermittency. It is often envisioned that 5G wireless networks that were recently launched and would most likely be fully deployed worldwide by 2035 would bring many technological and economic benefits for a plethora of the future high-renewables grids featuring electric transport and heating as well as prosumers generating renewable energy and trading it back to the grid (for example, in the vehicle-to-grid (V2G) framework) and among themselves using peer-to-peer (P2P) networks. Our paper offers a comprehensive analysis of 5G architecture with the perspectives of optimal management of demand-side response in the smart grids of the future. We show that the effective deployment of faster and more reliable wireless networks would allow faster data transfers and processing, including peer-to-peer (P2P) energy trade market, Internet of Vehicles (IoV) market, or faster smart metering, and thence open the path for the full-fledged Internet of Energy (IoE). Moreover, we show that 5G wireless networks might become in the future sustainable energy systems paving the road to even more advanced technologies and the new generations of networks. In addition, we demonstrate that for the effective management of energy demand-side response with a high share of renewables, certain forms of governments funding and incentives might be needed. These are required to strengthen the support of RES and helping to shift to the green economy.
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INTRODUCTION
Any intelligent energy management system is intended to keep the power grid in a stable state by balancing the power generated from all sources with the power consumed (Avancini et al., 2019; Jannati et al., 2020). This is a very complex task in today’s globalized world with a huge demand for energy both at the industrial and at the household level. Smart grids that exist today and those that will appear in the future have to work with lots of data points in very short time spans and quickly and promptly react to any changes. Here is where the Internet of Energy (IoE), a novel concept that became popular recently and originates from and related to the Internet of Things (IoT) comes into the picture. Ioe makes it possible to send information signals back and forth through the grid with an unprecedented speed and accuracy. However, unlike IoT, the IoE focuses on the links and connection between the energy appliances and various devices represented by the sensors and smart meters (Hossein Motlagh et al., 2020; Liao et al., 2020; Mahmud et al., 2020; Pawar et al., 2020).
One would probably agree with the fact that IoE enables consumers and prosumers to independently coordinate supply and demand. Moreover, it is equipped with intelligent forecasting systems that use weather forecasts, expected traffic flows and other information to predict future energy needs (Strielkowski et al., 2019; Chu et al., 2020; Majumdar et al., 2020). Some examples of these advanced apps include measurement data management, network analysis, substation management, distributed energy resource management systems and the low voltage outage management system (Choi, 2019; Kumar et al., 2019; Horowitz et al., 2020; Momen et al., 2020).
The technological limitations in the measurement of energy consumption no longer lead to the averaged peak prices being passed on equally to all consumer. This becomes especially relevant when the renewable energy sources (RES) step in (see a study from Australia (Simshauser, 2016) or a study from the United Kingdom (Strielkowski et al., 2017). The rapidly declining costs indicate a major shift from the central network topology to a highly distributed one, where power is generated and consumed directly at the grid boundaries (Aberilla et al., 2020; Van Summeren et al., 2020). Another problem is that telecom costs may be prohibitive for the full support of smart grids (Rehmani et al., 2018). The network frequency could be used to transmit load information without the need for an additional telecommunications network but would not support economic negotiations or quantification of contributions. The smart grid requires not only the technology, but also the cooperation of the electricity suppliers, their tariff payers and, above all, the regulatory authorities in order to become very efficient and effective (Chawla et al., 2020; Yanine et al., 2020). In addition, it also requires a full-fledged cooperation of all consumers of energy. The whole situation becomes even more complex with the introduction of the renewable energy sources and the renewable energy generation as a part of the great leap towards the green economy and low-carbon economy (Peng and Poudineh, 2019; Elavarasan et al., 2020). In order to make the picture complete, one has to bring in the factor of self-generation of renewable energy by the consumers who become the prosumers of energy (both consumers and producers of energy from the renewable sources who can trade the energy back to the grid or among themselves using peer-to-peer (P2P) networks and technological solutions) (Sousa et al., 2019; Wang et al., 2020).
This paper focuses on the optimal management of the demand-side response that can be achieved through the introduction of the fifth generation (5G) wireless networks in the future renewable energy systems. Effective demand response allows energy to be directed to the areas and businesses where it most needed in order to avoid peak hours which is crucial in the case of RES that are distinguished by intermittency (dependency on the nature’s conditions and day times) (Rayati et al., 2019; Ju et al., 2020).
The main contribution of our paper is in demonstrating that 5G wireless networks might help to efficiently manage and enhance the demand-side response in the high-renewables energy systems and smart grids using a comprehensive evidence from the research literature and other sources which is meaningful and worth research efforts (see e.g., Xu et al., 2019; Sakib et al., 2020). Furthermore, the paper provides a comparison between advantages and challenges of 5G networks in demand-response renewable energy grids. In addition, the paper devotes a great deal of effort on discussing the role and the place of 5G networks in the future of the demand response and use the existing knowledge and evidence in order to outline its main advantages and disadvantages.
The layout of this paper can be presented as such: Introduction open the discussion, provides main points, lists the main contributions of this paper and offers the paper’s layout. Literature Review provides a comprehensive literature review of using data in energy technologies and managing these technologies in the most effective ways with the help of the Internet and communications solutions. Demand Side Management Strategies outlines the theoretical framework for the demand-side management strategies. Renewable Energy Sources and Demand-Side Response explains the implications for the high-renewables penetration in the smart grids and demand-side response management. Fifth Generation Wireless Networks in the Internet of Energy provides an overview of the fifth-generation wireless networks in the IoE. Advantages and Challenges of 5G Networks in Managing Demand Response comes up with the advantages and disadvantages of the fifth generation (5G) wireless networks and the Internet of Energy (IoE) in managing smart energy grids based on RES using demand-side response. Finally, Conclusion concludes with general outcomes, implications, and pathways for further research.
LITERATURE REVIEW
In general, one would probably agree with the fact that the optimal management of demand-side response appears to be crucial for smart grids that encompass the electrical equipment in combination with such novel elements as electric vehicles (EV) and the use of smart grid technology (Eseye et al., 2019; Wu et al., 2019; Venegas et al., 2021). New technologies will enable customers to move from event-based demand response, where the supplier demands load relief, to the 24/7-based demand response, where customers request peak load and see an incentive to control the load at all times. Customers who traditionally pay fixed tariffs for energy consumption (kWh) or peak load can adjust their consumption and request to take advantage of fluctuating prices.
Artificial intelligence (AI), in conjunction with advanced energy generation and energy storage technologies, has proven its potential in managing energy production and consumption, as well as energy supply and demand (Alreshidi, 2019; Pinto et al., 2019; Ji et al., 2020; Shi et al., 2020). This will improve the ability to understand the real conditions of the energy market, such as demand and supply, and to make very accurate predictions and simulations (Ma and Zhai, 2019; Márquez et al., 2020; Ngarambe et al., 2020). Such circumstances which can obviously have cascading effects on the entire regional network and pose a difficult task for utilities, could be avoided. With the recent commitments to decarbonization many governments declare all around the world, as well as decentralization and the use of novel energy saving technologies, artificial intelligence is being used to address the imbalance between demand and supply caused by the growing share of renewable energy sources (Gomes et al., 2019; Bañales, 2020; Miglani et al., 2020). Another challenge is decentralized electricity generation, where private users generate and consume their own electricity (therefore becoming the “prosumers” – both producers and consumers in one), but this is also a challenge due to the lack of control over the supply and demand of energy (Gissey et al., 2019; Riveros et al., 2019; Roldán-Blay et al., 2019; Croce et al., 2020). Since 2010, the use of solar energy increased by several times (with China being the current leader in both the production of solar panels and generating solar energy), and this trend is expected to continue as appliances generate electricity from sunlight, reduce costs, and increase efficiency (Bastida et al., 2019; Raina and Sinha, 2019; Rabaia et al., 2020). Utilities buy surplus energy from private consumers, who produce more electricity than they consume, and send it back to the grid (Cui et al., 2017; Burgess et al., 2020). However, the current systems are generally not designed to take this into account, but there is a fundamental problem represented by the human error caused by the incomplete information and rational inattention paradigm (Matejka and McKay, 2015; Sinclair and Barense, 2019). Humans make mistakes and bad decisions, and although some of the more avoidable, artificial intelligence and machine learning can be used to consider how this will adversely affect the energy savings achieved by investing in new energy efficiency programs (Konstantakopoulos et al., 2019; Mehmood et al., 2019). This is an important step towards overcoming one of the fundamental problems of human error. This has the potential to make major events affecting the power grid, such as a major earthquake or explosion in a nuclear power plant, more predictable and efficient (Eskandarpour and Khodaei, 2016; Lu et al., 2019; Lee et al., 2020). The smart grid could be used to divert energy from plants and installations, manage multiple incoming energy sources, and adjust energy production to increase efficiency (Munshi and Yasser, 2017; Tronchin et al., 2018). Electricity grid operators also collect data that require continuous monitoring, analysis and interpretation to ensure that electricity supply meets demand and that different contributions from different sources, such as wind and solar, are met (Yen et al., 2019; Chamandoust et al., 2020). In their turn, wind farm operators also collect information about the quantity and energy content of wind turbines exported to the grid (Pei et al., 2018; Long et al., 2020). Dedicated AI can eliminate this data analysis through the use of machine learning, artificial intelligence (AI), and deep learning. The use of AI technology has had a decisive impact on the development of smart grids and their use in energy production and contribute to the complex optimization (Bhowmik et al., 2017; Soares et al., 2018). Network operators use AI software to assess the thousands of variables involved in energy distribution and consumption. Examples of this are the wind and solar industries which were developed to support the development of smart grids to maximize energy production on cloudy and windless days (Sarker et al., 2020; Wu et al., 2020). However, characterizing this technological innovation which is, after all, the core competence of the energy sector, may not be as damaging as it seems at first sight. Germany, for example, uses a machine learning and early warning system that uses a complex algorithm to predict the amount of energy generated over the next 2 days (Ghoddusi et al., 2019; Wood, 2019). It analyses fluctuating demand and changing weather conditions in order not only to predict energy demand, but also to anticipate potential problems in the grid and to propose ways to improve weaknesses in distribution lines. In addition, similar to the German example, AI can be used to analyze data from various sources such as wind, solar, wind turbines and wind farms to make informed real-time decisions to maximize demand flexibility (Adedipe et al., 2020; Sweeney et al., 2020). Other ways in which artificial intelligence can facilitate demand-side response and demand flexibility include using game-theory algorithms to create incentives to improve aggregate participation and using blockchain and other distributed ledger technologies to protect data (Ahl et al., 2019; Tsao et al., 2020). It is possible to create incentives for consumers to participate in demand-side response management initiatives in their local markets. As energy storage and artificial intelligence improve the accessibility of energy sources, they will play an important role in energy production and consumption in the future. Furthermore, advances in machine-learning systems, such as artificial intelligence, will revolutionize the demand and supply of energy in our economy (Li et al., 2019; Jose et al., 2020). This is due to the capability of the smart grids and energy storage systems to effectively collect, analyze, and synthesize various data from a wide range of sources such as wind and solar, natural gas and coal to make decisions about the best allocation of energy resources. Given the various challenges we face, one of the keys to sustainable and reliable solutions seems to be smart energy storage, where artificial intelligence will have been the brain.
With regard to the above, the demand response can and might be altered and steered using the AI and smart grids which bring many comparative advantages. Among the most obvious features are: 1) practicality; 2) advantages; 3) security and data protection; and 4) reliability of DR power systems (Di Santo et al., 2018; Shareef et al., 2018; Tsaousoglou et al., 2020). Another issue of the demand-side response and the smart grids is the economies of scale that might require the use of smart meters and smart plugs to control electric devices and appliances (De Wildt et al., 2019; Langendahl et al., 2019). A smart meter can control electrical appliances by evaluating the performance of appliances to optimize power consumption in case of certain limitations. The plug can also control the total power consumption of the device by adjusting the electricity price in a place where it is calculated in advance by the utility and sent to the smart meter days in advance in real time. Algorithm architecture can be designed to bridge the benefits DR can bring to the electricity grid by using the underlying information infrastructure of the smart grid. Therefore, implementing this algorithm has the potential to minimize electricity prices by optimizing electricity consumption during the hours of distribution in the grid to detect parts of the grid (Brinkel et al., 2020; Das et al., 2020).
It goes without saying that energy costs can be saved by using the smart grid as a platform for managing energy consumption and energy efficiency while taking into account uncertainty in electricity prices and weather information (Worighi et al., 2019; Rathor and Saxena, 2020). Customers are encouraged to switch from higher peak hours to lower (and therefore cheaper) peak hours, or simply reduce peak hours. Time-prices can vary intelligently, and appliances that are used in this system can cause significant energy costs-saves customers. It is a smart business for utilities to reduce customers electricity consumption when demand for electricity has peaked or when there is a balancing problem in the grid (Oprea et al., 2018). Utilities buy electricity from other utilities and heat it - and generate equipment and supply customers when they need it. Thence, utilities send signals to a central control unit that uses the flexibility of the application to reduce their customer’s energy consumption (Eid et al., 2016; Morstyn et al., 2018). As an essential element of an intelligent grid, users participating in the electricity market-oriented DR enables heterogeneous end users can acquire tailor-made utilities by coordinating interactions with utilities (Sharifi et al., 2019). Thence, demand-response programs play an important role in influencing the energy consumption of end users (Alasseri et al., 2020). Utilities offer demand-side response services to improve customer satisfaction, and the amount of electricity customers demand influences demand response policies. The demand response aims to adjust demand for electricity rather than adapt supply. Customers can adjust electricity demand to shift tasks that require large amounts of electricity, shift some of their consumption to alternative sources, or choose to pay a higher price for their electricity. Utilities can signal demand needs to their customers in a number of ways, including “electricity is cheap” or “smart metering,” where customers can be notified of an explicit price change. In this way, utilities should constantly balance the supply and demand of electricity across the network, from generation to consumption, balancing both demand and supply in a smart grid (Kakran and Chanana, 2018). One of the ways to do this is precisely through demand response, where price mechanisms, including incentives, are used to encourage consumers, particularly in industry, to change consumption patterns in times of high demand. Another approach is virtual power plants, which bring decentralized generation facilities such as industrial generation clusters (including photovoltaic generators) to the grid in case of higher demand, or “virtual power plant systems” (Guerrero et al., 2019). This brings greater flexibility to delivery, but also requires more complex communication, increases the complexity of management and control, and further complicates supply chain management. The last approach integrates command and control infrastructure with transmission, distribution and control of the infrastructure (Galbusera et al., 2020; Shrestha et al., 2020). Here, the demand response management solution approach is emerging as a critical infrastructure component linked to the transmission and distribution infrastructure and the supply chain.
Moreover, an additional discussion is needed here concerning the field where the bigger opportunity for 5G emerges, which is in the Internet of Vehicles (IoV) market (Zhou et al., 2020; Tufail et al., 2021). It goes without saying that communication improvement in charging stations or among charging stations, as well as in vehicles and between vehicles and other objects might have a favorable impact on the development of the renewable energy (Li et al., 2020; Rajper and Albrecht, 2020; Savari et al., 2020).
With regard to the above, 5G mobile networks (5G) are considered to be on the way to widespread ubiquity at the IoV market and the essential part of the “vehicles-to-everything” concept. Vehicle-to-everything (V2X) means vehicles communicating with more vehicles than vehicle to vehicle (V2V) or the vehicle to infrastructure (V2I) (Storck and Duarte-Figueiredo, 2020; Yang et al., 2021). The concept includes V2X technologies include communication between the vehicle, the infrastructure and other road users thus allowing the moving vehicles to communicate with moving parts of the traffic system around them in real time (Fallgren et al., 2018; Hakeem et al., 2020). In the connected automotive industry, solutions are based on a variety of communication technologies, including DRCS (dedicated short-distance communication), Wi-Fi, GPS and mobile communications. This type of connection is abbreviated as V2N (Vehicle to network communication)and it effectively enables a form of direct wireless communication when needed Căilean and Dimian, 2017; Luo et al., 2020). This means that communication takes place using the same cellular network technology that mobile phones use. Thus, using 5G networks is going to make automakers, governments and the aftermarket to be capable of putting connected vehicles with cellular and V2X communication on the road (Han et al., 2020). As assisted driving progresses towards autonomous vehicles, 5G communication will therefore play a key role. Autonomous vehicles will not need external connectivity with other vehicle infrastructures, such as the cloud or the Internet. Cars produce a vast amount of data, and a connected autonomous vehicle can generate up to 5 TB of data per hour (Miller, 2020). 5G mobile connectivity is becoming the key technology for the construction of autonomous vehicles since it will enable fully automated driving. Together with 5G, the V2X ecosystem will be able to improve the driving experience and open up new horizons for automotive companies. V2X technology will enable the millions of connected cars sold worldwide to communicate with the infrastructure in the cloud and among themselves. High-speed communication, continuous network connectivity and rapid response will pave the way for smart cars (Zhao et al., 2018).
One of the main advantages of 5G/V2X technology is that it does not depend on traditional mobile coverage. For the first time, we are attempting to use coherent beamforming technology to establish a communication network between the Internet of Vehicle (IOV) and the 5G network. The answer is that 5G/V2X technology allows communication between the car and the infrastructure around them, regardless of the range. Instead of connecting to the cloud, 5G V2X can communicate between nearby vehicles and nearby infrastructure (Husain et al., 2019; Abbasi et al., 2021).
The vehicles are equipped with mobile router-on-board units to connect them to the LTE network by detecting their position and dynamic parameters. Each vehicle employs a graphical user interface which makes it possible to visualize the information from the mobile router and thus test jointly developed use cases (Ndikumana et al., 2020). Its spectrum can be used independent of mobile networks for direct communication 5G and V2X side links using traditional licensed frequencies, while the second transmission mode provides in-vehicle communication (V2N), mobile broadband and voice telephony. Direct communication modes include vehicle-to-truck (V2V), vehicle-to-infrastructure (V2I) and vehicle-to-pedestrian (V2P), increasing the range and reliability of communication (Chen et al., 2017; Khan and Lee, 2020). V2X could complement the car sensors with more data from traffic signals, road construction and emergency vehicles to send clear signals to cars that can overtake them if a fire truck or ambulance wants to pass. Based on the discussion above, one can predict that with the help of 5G networks and IoV, cities could do away with traditional traffic lights altogether in the nearest future, which could accommodate millions of cars, and help the regulators and policymakers to start introducing them in all new cars much faster.
All in all, one can see how the demand response is becoming increasingly important in the smart grid and in many other areas of the network in the recent years. This is critical to the operation of many electricity suppliers, as it is a key element of the decision that the customers can make to potentially reduce their energy consumption. Recent innovations, such as 5G wireless networks and peer-to-peer prosumer energy exchange are likely to boost its development further. This is discussed in the next section that follow.
DEMAND SIDE MANAGEMENT STRATEGIES
Energy efficiency differs from the response to demand because it produces a measurable reduction in consumption over the course of a year and not just a reduction in consumption for selected hours in a given year (Cooremans and Schönenberger, 2019; Hou et al., 2019). A large commercial or industrial enterprise could probably invest in improving energy efficiency and offer the savings from the project as a resource on the capacity market.
Demand-side response leads to the adjustment of power consumption for keeping the power system in a balanced state. This can be expressed using the following equations (see Eqs. 1–3). First, let us express the functions of the balanced state that can be written as follows Eq. 1:
[image: image]
where:
PG(f) - generation power related to the system frequency, PC(f) - consumption power related to the system frequency.
The more advanced state of the power system can then be defined using the following equation (see Eq. 2):
[image: image]
where:
∆PG – an increase in power generation output, ∆PC – an increase in consumption power output.
Finally, one should increase the load flexibility to system power that includes the demand-side response backed up by power generators, photovoltaic solar panels, energy storages (e.g., Tesla PowerWall household energy storage device), electric vehicles, or wind turbines (see Eq. 3):
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where:
∆PDRG - generation power from onsite standby energies.
∆PDRC - adjustment power by flexible loads.
Demand side response is a characterization of certain programs that specifically reduce peak load in order to shift the use of electricity from peak hours (Azarova et al., 2020). The technology gives consumers the opportunity to be paid by the responsible system operators in the same way as a generator is remunerated. Typically, demand respondents use distributed power generation strategies or power management controls to reduce their demand for operator-provided price signals (Dominković et al., 2020). This is where IoE is required to react promptly to price signals and to mitigate the demand for electricity.
There are three layers of IoE in smart grids covering management services, namely the perceptual, network and application levels (Mrabet et al., 2020). The perceptual layer is the physical layer that has sensors for collecting and collecting information about the environment. It detects some physical parameters or identifies other intelligent objects in the environment. Then there is a network layer is responsible for connecting to other intelligent things, network devices, and servers. Its functions are also used to transmit and process sensor data. Finally, there is the application layer is responsible for providing application-specific services to the users.
In general, the cost of compliance with renewable portfolio standards averaged less than one percent of retail electricity prices (Zhou and Solomon 2020). Although these costs are relatively low in themselves it should be noted that these estimates often fail to take into account the more general social benefits of using renewable energy. Quantifying these benefits can be even more difficult than quantifying the costs. However, most experts agree that reducing pollution, conserving water, diversifying fuel sources, stabilizing electricity prices and promoting wider economic development are of considerable value (Aryanpur et al., 2019; Malav et al., 2020). Of course, there is plenty of room for discussion, and further studies and approaches would be useful. However, the relatively wide range of estimates also provides an excellent opportunity: there is a good ground for good policy and regulation to promote better implementation of renewable standards. In addition, the sharp fall in the price of renewable energy generation should help to further reduce its costs, provided that the integration cost of variable energy generation can be maintained at a relatively low level (Schmid et al., 2019; O'Ryan et al., 2020). Demand side management strategies need to address some investment costs at various implementation levels. However, the connection between investment costs and implementation time follows. Obviously, the inclusion of technology (e.g., efficient provision of household appliances, smart grid) in achieving demand-side management costs is more important than any other strategy (Iris and Lam, 2019; Khan, 2019).
With regard to the above, it seems important to note that an effective demand-side response is based on the properly calibrated and interconnected smart meters and similar devices that function in a well-balanced network. Efficient protocols are required to effectively manage the failure, configuration, billing, performance, and security aspects of these devices. Similar efforts are being made for the smart city systems to provide standard mechanisms and services for the efficient management and control of device communication at the various levels of architecture (Khattak et al., 2019; Sengan et al., 2020; Strielkowski et al., 2020).
Therefore, it is apparent that the future energy balance would be based on the optimalization of power usage during the day in order to avoid the peaks that occur in the mornings and evenings. Moreover, it would also be centered around the energy efficiency that would allow to save vast amounts of energy using smart meters and devices. These devices would be equipped with the AI-based algorithms that would help to achieve the perfect balance of energy saving and consumption. In addition, solution such as smartphone apps tailored for energy users might become a breakthrough in helping them to monitor and control their energy intake. Some apps would also help the users who would produce their own electricity to find potential buyers or to sell it back to the grid.
When it comes to industry, it is easy to see how the effective and digitalized demand-side response might be of a great help there. Smart meters and sensors attached to various industrial machines might become an effective way how to collect and analyze vast amounts of data (Big Data actually when large industrial enterprise come to mind) for improving the efficiency and minimizing energy losses, while AI solutions would become a powerful tool for processing these data in real time (Rausser et al., 2018). All of that would lead to the creation of the balanced and intelligent smart grid of the future that would change the ways the energy is produced, distributed, and consumed today.
RENEWABLE ENERGY SOURCES AND DEMAND-SIDE RESPONSE
As it was shown above, the demand response includes all intentional changes in the power usage patterns of the consumers of electricity that envisages altering the patters the power is consumer including the timing throughout the day or the total demand. This can be achieved using novel approaches to handling the energy meters in households and industries in response to certain conditions within the power grid (e.g., peak power congestion or high prices), including the above-mentioned demand-side response. Dynamic demand also means advancing or delaying the operating cycles of the device in order to alter the consumption of energy. This is achieved through controlling the power in the grid and balancing the power discrepancies by subsequently turning on and off intermittent loads in appropriate time intervals. All of this depends on the consumption patterns of energy users that have its own regularities tied to the daily routine.
Let us show this using the data obtained by the Customer-Led Network Revolution project (CLNR) in the selected households Northern England (CLNR, 2013). The data were obtained during a time span of 4 years from 2012 until 2015 using the smart meter readings from 155 households with and without solar PV (see Figures 1, 2).
[image: Figure 1]FIGURE 1 | Load profile of a typical household (half-hourly net consumption averaged across all customers in the group averaged across all days in each month, kW). Source: Own results based on CLNR (2013).
[image: Figure 2]FIGURE 2 | Peak solar power generation and import on a typical day (half-hourly measures for a PV household, kW). Source: Own results based on CLNR (2013).
From the Figures 1, 2 it becomes quite clear that the peaks in electricity consumption happen in the morning and in the evening and there is a drop in the electricity consumption during the day. This is, however, is an issue because (as Figure 2 demonstrates), this is the time when most of the solar energy is produced through the photovoltaic solar batteries. This is where the demand-side response is required in order to meet the requirements of the renewable energy generation, transmission and consumption.
In general, there is a variety of theoretical models that play with the demand response impacts on various infrastructures that include renewable energy sources such as solar, wind, and hydro. Typically, the demand response strategy with the load modelling is applied for improving operational flexibility (Huang et al., 2019). This can be achieved by using deterministic stochastic target functions that should include factors such as price, demand, as well as the amounts of generated power. Another important factor that needs to be considered is a storage-based demand response that can manipulate with the energy storage devices in order to supply the required power during the peaks so that the consumers have a constant supply of electricity without having to cut their demand or compromise their comfort. Another bonus of all that is that the total energy bill is reduced while the penetration of renewable energy sources is increased. Within this framework, network operators have the ability to choose their location and production management for renewable energy in their regions so they can decide regionally when a cutback or storage will occur to minimize supply and demand gaps. A mindset to maximize renewable energy production and avoid downsizing made sense when variable renewable energy was extremely expensive and fixing solutions even more expensive. However, as the recent and projected savings in the renewable energy cost, grid management and storage systems are changing the optimal solution package, starting with the superstructure of, for example, solar panels and wind turbines. Due to their low cost of ownership, new renewable capacity often displaces more expensive generators on the grid and lowers wholesale clearing prices. The combination of inconsistent supply of renewable energy sources and hourly electricity demand, coupled with inflexible heat generation, can significantly reduce RES revenues and undermine their potential to increase market share. All around the world, renewable energy revenues are falling due to increased adoption of renewables, grid congestion, and the inflexibility of other generators. In addition, one has to take into account the factor of the geographical distribution and climate zones where, for example, wind and solar power generation is more optimal than in the other locations. Information technology would enable us to exchange precise information signals and conduct precise coordination and flows of energy from its production to its consumption.
FIFTH GENERATION WIRELESS NETWORKS IN THE INTERNET OF ENERGY
With all the discussion above, it becomes apparent that fifth generation (5G) wireless networks might become a solution to the issues such as the intermittency of the renewable energy generation and the effective control over energy efficiency and saving (Dragičević et al., 2019; Nižetić et al., 2019; Zahed et al., 2020). Even now, at their infancy, it is expected that 5G networks are going to contribute trillions to the global economy by creating the conditions for new advances in productivity and innovation (Khan et al., 2019; Forge and Vu, 2020). 5G networks will be able to exploit the full potential of Internet of Energy (IoE) by introducing the technology that employs such ubiquitous devices as smartphones, tablets, or smart electric vehicles. This means that large amounts of sensor data from devices such as drones and tractors could be transferred to cloud computing resources.
In addition to reducing costs, coupling 5G networks with renewable energy will also reduce the telecommunications industry’s carbon footprint by eliminating its dependence on fossil fuels. The energy market is developing a warmer and more productive relationship with the Internet of Things, and the addition of 5G will improve usability and utility of the Internet of Things by making our homes and. networks smarter and more energy efficient. Tying renewable energy to the telecommunications sector is something that industry experts exploit and grow. All energy consuming appliances have a unique power demand and as our technology becomes smarter and easier to connect, it is becoming increasingly difficult to. locate areas of industrial waste. Business-level insights into energy use are a good thing, as they help to distribute demand peaks and identify opportunities for investment in more efficient infrastructure. The combination of digitised power grid, 5G and IoT at the same time will help customers monitor their own energy consumption and save energy. Utilities and. consumers will have real-time access to critical energy information from mobile devices. For this reason, 5G will bring significant changes to society, as it relies on an interconnected wireless network.
Here, also one interesting question emerges: how can 5G improve renewable energy trade market? In addition to the peer-to-peer (P2P) energy trading markets that would involve not only energy companies but also prosumers, 5G networks would also help to reduce the costs, coupling 5G networks with renewable energy that would also reduce the telecommunications industry’s carbon footprint by eliminating its dependence on fossil fuels (Hsu et al., 2020; Israr et al., 2020). As the energy market is developing a more productive relationship with the IoT, the addition of 5G will improve usability and utility of the IoT by making households and networks smarter and more energy efficient. Tying renewable energy to the telecommunications sector is something that industry experts would welcome. All energy consuming appliances have a unique power demand and as our technology becomes smarter and easier to connect, it is becoming increasingly difficult to locate areas of industrial waste. Business-level insights into energy use are a good thing, as they help to distribute demand peaks and identify opportunities for investment in more efficient infrastructure. The combination of digitised power grid, 5G and IoT at the same time will help customers monitor their own energy consumption and save energy (Wu et al., 2021). Utilities and consumers will have real-time access to critical energy information from mobile devices. For this reason, 5G will bring significant changes to society, as it relies on an interconnected wireless network. This transformation will enable utilities to establish themselves as leaders in efficient and clean energy production. By improving energy distribution through smart grids, utilities can manage voltage fluctuations, which will help reduce power losses. Homeowners would be able to use their smartphones to access smart meters to monitor their daily energy use. And the electricity grids would enable data communication at higher voltage levels between customer buildings and smart meters using faster 5G networks.
Supporters of super-fast networks promise that faster data speeds will transform the way people interact with the Internet, foster self-driving car initiatives, and improve everything from health care to tourism. Such speed and connectivity increases will facilitate data fusion and improve situational awareness, improve command and control capabilities, while providing a significant operational advantage in future battlefields. 5G networks will not be able to meet the enormous demands of the growth of machine-to-machine communication. With population growth and increasing mobile penetration, capacity is one of the most prominent benefits touted. The number of devices connected to the Internet is increasing exponentially, leading to an increase in bandwidth and energy consumption. As more and more data are generated online and consumed, existing spectrum bands will struggle to cope, and congested areas will often be of poor quality. Figure 3 that follows, provides a timeline of wireless networks from 1G to 5G that took 40 years in total.
[image: Figure 3]FIGURE 3 | Timeline of data rates from 1G to 5G. Source: Own results.
From the Figure 1 above, one can see that 5G technology was developed to deal with limitations that previous generations of networks could not sustain. While 4G and LTE support peak speeds of up to 100 gigabits per second (G/LTE), but are not immune to signal interference, 5G is the fifth generation of mobile networks that promises higher speeds and lower latency (Mannweiler et al., 2020). In order for it to meet bandwidth needs and network-connected industrial equipment such as mobile phones, tablets, computers and other devices. Currently, 5G is still quite difficult to define and there is still a long way to go before it is fully implemented, but one thing is certain: it will have an impact on energy market of the future (Kim et al., 2019). And when it comes to the 5G in the global race, there will be a lot of pressure on countries to adopt the new connectivity technology. Over the next few years, 5G will have a much greater impact and disrupt the current mobile ecosystem. Wireless technology stands for improving the consumer experience of mobile technology by offering faster speeds and more reliable connectivity. It is the key to accelerating machine-machine interaction, faster response time and data exchange, and improving automation capacities. Its cloud-based technology enables connected devices to stream anywhere in the world, from the cloud to mobile phones, tablets, computers and other devices. This technology is crucial to realise its potential, as it is the platform that will serve as the basis for tomorrow’s economy, and governments play an important role. The new 5G standard promises a transformational technology that is crucial to enabling the next industrial revolution. In addition, it will contribute trillions to the global economy and create the conditions for new advances in productivity and innovation. All in all, it seems that 5G will form the basis for future economic development and national competitiveness, including certain military applications. It is interesting to note that the United States has failed to seize this opportunity to meet the challenges of 5G technology and has lost a crucial competitive advantage. Today, China seems poised to become the first country in the 5G to spur innovation, but the United States has not yet done so. The next generation of mobile communications will inspire the emergence of new industries, and existing companies will need to develop products and services around the next generation of mobile communications. Technological inventions inspired by 5G will lead to smarter, more efficient, and cheaper products, services and technologies for existing companies and will revolutionize the energy market and smart grids. The evolution from a pure network to a robust ecosystem will be the result of the convergence of new 5G technologies that build on current cloud technologies - processed analytics and analytics technologies such as those used in cloud computing, cloud storage, mobile data storage, and data analysis, while developing some unique data insights. Because technology affects almost every aspect of life, all countries around the world have to keep pace with technological developments to improve the lives of their citizens as they evolve in the global economy. This next-generation technology offers the opportunity to share the spectrum with a larger number of wireless users and support energy applications that require greater capacity. 5G technology could prove fundamental to smart cities, and the high throughput of 5G could handle data loads transmitted at speeds of up to 100 gigabits per second (Gbps) or more which could have a significant benefit for the future energy market with a high share of renewables and IoE-like solutions. All of this is not about the current non-5G communication system in smart grid resulting in the waste of electricity. It is about 5G networks making the communication faster and more efficient. According to industry experts, 5G networks will be 90% more energy efficient (and twice as fast as 4G LTE today) than previous network technologies of the current generation (Flynn, 2021).
Figure 4 that follows demonstrates the design of the demand-side response and 5G wireless networks in the future renewable energy systems. It demonstrates how the 5G wireless networks will become the centre of the coordination between the generation of renewable energy and its transmission and consumption. Moreover, it also reflects upon the effective management of demand-side response through the signals sent across the network from the energy generators to the energy consumers (as well as prosumers).
[image: Figure 4]FIGURE 4 | The design of the demand-side response and 5G wireless networks in the future renewable energy systems. Source: Own results.
The successful introduction of smart meters that would constitute the backbone of the IoE and intelligent demand response will depend on the choice of communication technologies, however likely the use of 5G wireless networks and other communication technologies may be. Unfortunately, there is currently no consensus on which communication technology meets the needs. There are many different types of communication technologies available for smart grids, and sometimes more than one technology is used for the same use. The choice of the most suitable technology is strongly influenced by the availability of network capacity, network bandwidth and other factors such as the size of a network and the number of users. In the energy and utilities sectors, 5G is a technology particularly suited to the deployment of smart meters, smart grid systems and smart grids due to its advanced capabilities. Green Power investigates the development of IoT technologies in the electricity and energy market, with a particular focus on the introduction of wireless 5G networks. Wireless communication technology can be fully satisfied by wired communication technologies such as mobile phones, tablets, computers and mobile phones. However, most utilities typically have power and grid monitoring systems based on wired communication technologies (e.g., smart meters, smart thermostats, etc.), while wireless communication is limited to less mission-critical applications. The use of a previously static top-down network has become an increasingly important part of a smart grid’s lifecycle, and a comprehensive communication solution is needed to support it. Specific fixed-line communications solutions are typically based on a single-channel high-speed and latency network with limited bandwidth. Wireless solutions are necessary due to the distribution of the network and its size and are therefore imperative for use in smart grid applications such as smart meters, smart thermostats and smart lighting. Today, communication environments can be built wirelessly, but integrating protection and communication within them may not be feasible. 5G wireless communication networks could be used to cover a small geographical area, such as a substation or building surrounded by infrastructure, and for example cover a large area of the network, such as the substations and buildings surrounding the infrastructure. Its low latency and high reliability could also provide the opportunity to create redundancy in fixed communications. Smart grids combine traditional networks with communication and information technologies that are characterised by efficiency, cleanliness, security and privacy. Smart grid solutions are evolving to cope with distributed energy resources with interactive load management, which requires advanced communication technologies for real-time control and protection applications. As the demand for energy continues to increase due to the increasing use of renewable energy sources by customers, the electricity system of the future will face new challenges when it comes to balancing the electricity flows in the grid. Part of this intermittent generation is intermittent, and networks require integrated monitoring and control to manage different energy flows and plan complementary standby capacities. Here, 5G is becoming a key element to enable networks to better adapt to dynamic renewable energies and decentralised generation. The main challenge is to balance the dynamic conditions between supply and demand and to enable the grid to redirect electricity in the event of local outages. The basic problem, particularly in decentralised generation systems, is that communication and network infrastructure are a key factor in monitoring a network. The management and control of the future network requires the ability to collect information from a wide range of sensor devices and actuators. This allows wirelessly connected devices to remotely detect, monitor and adjust power consumption and power consumption. 5G will be a catalyst enabling the network to deliver the throughput and ultra-low latency required for high-speed communication between smart devices and smart grid systems.
ADVANTAGES AND CHALLENGES OF 5G NETWORKS IN MANAGING DEMAND RESPONSE
Overall, 5G networks will likely play an important role in managing demand response in the future energy networks. Because device information is consumed by a cloud-based platform, the integration and sharing of information can be simplified using software applications running on the cloud platform. The cloud platform is becoming a data lake that various applications can use. An intelligent energy management system keeps the grid stable by balancing the power generated from all sources with the power consumed. An IoE enables consumers and prosumers to independently coordinate supply and demand and is equipped with intelligent forecasting systems that use weather forecasts, expected traffic flows and other information to predict future energy needs.
Let us attempt to summarize the advantages and disadvantages of the implementation of 5G networks to the smart grids with a high share of renewables using the demand-side response. This summary is based on a vast body of literature analyzed earlier in this paper (Literature Review) and the line of reasoning presented in the sections that followed. Table 1 that follows outlines the advantages and challenges of 5G networks used for enhancing the demand-response renewable energy grids.
TABLE 1 | Advantages and challenges of 5G networks in demand-response renewable energy grids. Source: Own results.
[image: Table 1]From Table 1, one can see that the advantages of the 5G networks in demand-response renewable energy grids feature such aspects as the massive links among flows for more accurate and fair demand-response control, fast transfer speed and low latency, robust security and data privacy, high system stability and reliability, as well as the energy saving and low power consumption. The disadvantages are not numerous and mostly concentrate on financial and logistical problems, as well as limited experience with using 5G networks and associated techniques.
Moreover, with regard to the 5G wireless networks in the energy sector, it is apparent that a highly collaborative infrastructure featuring several layers of access and security might be the safest and the most optimal for all involved players. In addition, various vulnerabilities of digital and technical systems that include all types of devices, smart meters and sensors, as well as a wide range of control systems should also be tackled and taken care of. This is due to the fact that IoE is not immune to attacks and a good system should be developed with security in mind. Security architecture and policies, the potentially beneficial security strategy, the ubiquity of security, the security devices, wireless security, the risk of personal data with the IoE and system redundancy, and ensuring security are all important for the proper functioning of IoE.
The increased number of connected devices and the amount of data they generate increase the security requirement for that data. Ioe networks and mobile cellular networks in terms of requirements such as the need for a long battery life, the support of a large number of devices, the scalability of the network, low equipment and deployment costs and extended coverage. Future opportunities and challenges for IoT and IoE have been addressed in particular by the security and privacy risks associated with using the smartphone on these networks and possible countermeasures.
Smart energy grids offer sustainable solutions that cover the entire energy value chain from energy generation through to its transformation to the final consumers. In addition, they employ the advances in the modern information and communications technologies (ICT) and the Internet of Energy (IoE) which offer artificial intelligence (AI)-based solutions for matching energy production and energy consumption in the future sustainable energy systems. However, the transition to these smart grids might require certain forms of governments funding and incentives that would support the willingness to shift to the renewable energy sources and to participate in their generation and trading (i.e., by becoming effective prosumers on the market of power and energy). In addition, policymakers and stakeholders should promote the effective management of demand-side response through energy saving and energy efficiency. This can be achieved through some monetary and non-monetary incentives, effective monitoring and control of energy consumption using smart meters and trackers, as well as through the public relations campaigns aimed at raising environmental awareness and enhancing sustainable education.
When it comes to the issue how 5G can work on legacy communication system of smart grid, the result of the integrated use of digital technologies in the electricity grid is less redundancy in the transmission and distribution lines and higher utilization of the generators, resulting in lower electricity prices. 5G technology has the capability to increase the value-added flow of intelligent networks, including value-added innovative services and market mechanisms for a value-added flow of information. The most important applications of 5G smart grid operation can be the predictive maintenance of various components of the power grid such as electrical insulation, transmission lines, power grids, LNG gas storage, proactive recovery in emergency situations, natural disaster monitoring and real-time video surveillance. In the conclusions section that follows, we also provide an overview of the major challenges of 5G networks in demand-response renewable energy grids.
CONCLUSION
Overall, it becomes apparent that the introduction of the fully operational and functional 5G wireless networks is very likely to increase the economic wellbeing and to help the transition to the carbon-free energy systems helping the deployment of the renewable energy worldwide. It also becomes clear that 5G wireless standard would provide a solution for the growing data requirements including some novel important technologies such as the augmented reality, connected electric vehicles (the IoVc concept), distributed energy resources, peer-to-peer (P2P) energy networks, as well as the Internet of Energy (IoE). By offering all of the above, 5G wireless networks would also become an important element of the demand-side response mitigation and management.
Our results provide new insights about the implementation of IoE practices. In particular, we look into the novel and exciting features of the smart grids represented by the automatic electricity network capable of sending data and information from and to energy generating companies to users. In order for the future smart grids to function properly, they should be capable of assessing and analyzing large quantities of data in short time which is crucial for optimizing energy solutions including energy efficiency and optimization.
Speaking about the suggestions on how to deal with challenges of 5G networks in demand-response renewable energy grids, such major challenges as infrastructure issues, security issues, reliability, and economic challenges should be considered by the relevant stakeholders and policy-makers. When it comes to the infrastructure issues, the deployment of 5G networks still remains slow 2 years after its introduction, Moreover, many infrastructure components tend to age quickly and need to be replaced promptly. As far as the security issues are concerned, due to speed of 5G networks, they are particularly vulnerable for the attack surface of the core networks. Consumer literacy, strict regulation and privacy should be therefore reinforced. Furthermore, power outages, system malfunctions and cyber-attacks can become major threats for the reliability of the 5G networks in demand-response renewable energy grids. Finally, the economic challenges are represented by the lagging investment into the 5G infrastructure which was worsened by the COVID-19 pandemic and the overall financial downturn in the world. Optimal tariff plans need to be introduced to lure the new customers and users and to provide them with optimal and reliable connection enabling quick and efficient two-way data exchange that would suit the demands of the modern smart grids, including smart metering, vehicle charging, and the overall communication improvement in V2G/V2V/EV to charging station and among charging stations with a considerable impact on the development of the renewable energy.
In addition, one should also keep in mind the current limitations of different microgrid configurations in relation to certain metrics of communication performance for the successful functioning of microgrids with wireless and wired technologies. Some communities and ethnic groups all around the world might be more dependent on mobile services and online access that the others. When 5G technology is not deployed, gaps in the availability of clean energy for these communities could have devastating consequences for the IoE. Available and affordable 5G networks will be better able to support this emerging technology and address public interest concerns. One area that could be optimized for 5G usage is the IoE which offers huge benefits to the communities on the wrong side of the digital divide.
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