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1 INTRODUCTION
The United States is making plans to meet a significant portion of its energy needs from renewable sources and aims to achieve this goal by 2030 (US. Department of Energy, 2021). In the process of achieving this goal, many agricultural and public areas will need to be converted into energy production sites. Starting from November 2021, the Bureau of Land Management (BLM) approved the use of some public areas for renewable energy production, signaling the start of this process (Bureau of Land Management, 2021). The Solar Projects shown in Figure 1, provided by SEIA, can give an idea in this regard.
[image: Figure 1]FIGURE 1 | Major solar project started at the United States (SEIA, 2023).
Different perspectives can be considered regarding additional land requirements to achieve renewable energy production targets. For instance, while some studies state that renewable energy production areas may have negative effects on natural life (Gasparatos et al., 2017; Dhar et al., 2020; Rahman et al., 2022), another study argues that the land demand envisaged for renewable energy production will constitute approximately 1% of the country’s land and that this should not be exaggerated (Union of Concerned Scientists, 2023). On the other hand, some studies provide data showing that there is already plenty of room for renewable energy production within the residential and industrial areas we currently use. For instance, a technical report by OSTI.gov states that roofs in the United States of America have the potential to meet 39% of the required electrical energy (Gagnon et al., 2016), similarly, another study mentions that the existing roofs of the United States can potentially meet all of the country’s solar energy needs (Joshi et al., 2021).
While it's unrealistic to completely avoid using agricultural and public areas in renewable energy production, minimizing the impact on these areas and untouched nature is crucial. Although environmental impacts have been considered in the planning process so far, the primary goal seems to be achieving the required energy production capacity by 2030 (US. Department of Energy, 2021). To avoid criticisms about harming nature in the coming years, it needs to be more careful in renewable energy production planning. This, of course, requires addressing the technical and economic dimensions of the issue, determining priority methods to minimize the need for agricultural and public areas in renewable energy production, making legal regulations, and establishing necessary incentives.
This article presents an opinion on methods that can be used to minimize the need for agricultural and public areas in renewable energy production. It emphasizes the importance of prioritizing methods, discusses potential obstacles in implementation, and offers solutions to overcome these obstacles. The most important method proposed is to focus on renewable energy production as much as possible within existing residential, and industrial areas. The article introduces two new concepts in its solution proposals: the leasing of roofs in residential areas for solar energy production and the installation of energy storage systems in residential areas, with their organization and commercial operation handed over to energy providers.
2 RENEWABLE ENERGY PRODUCTION IN RESIDENTIAL AREAS
A significant majority of electricity consumption in the United States of America takes place in residential areas (U.S. Energy Information Administration, 2022). Given that natural habitats are already fully or partially disrupted in residential and industrial areas, focusing on renewable energy production in these areas seems to be a viable solution to reduce the need for extra land. Additionally, producing electricity where it's predominantly consumed has long been known as an effective way to minimize losses. In this context, the first idea that comes to mind is to prioritize residential areas and ensure that Solar PV technology is extensively used in these areas for renewable energy production. However, in practice, there are barriers to using Solar PV technology in almost half of the residential areas (Sigrin and Mooney, 2018; Reames, 2020). Some of these barriers are listed below along with proposed solutions.
2.1 Barriers rising from physical conditions
Factors like roof orientation and inclination not being suitable for efficient solar harvest, roofs not being structurally strong enough to support solar panels, and shading from trees and neighboring buildings pose significant physical barriers (Li et al., 2020; Kiray, 2021). To overcome the obstacles arising from physical conditions, alternative solutions should be offered that allow Solar PV panels to be placed in suitable sun-exposed places other than the roofs of houses or garages. Projects and products that contribute to these solutions should be supported. For example, the RRSTS project combined a gazebo with a Sun tracking system to create an aesthetically pleasing solution (Kiray, 2021). Gazebos in such applications can be placed in various spots within gardens. Similarly, Smart Flower Sun tracking products, with their aesthetic design, are suitable for use in gardens and green spaces (Mulyana et al., 2018).
Another solution could be the dissemination of community applications that allow cooperation between neighbors in energy production and sharing and supporting them with incentives. Various models have been developed for such systems and are already in use (Michaud, 2020; Tabassum et al., 2021). The use of these systems can make significant contributions to overcoming barriers arising from physical conditions. Barriers Rising from Socio-economic Conditions.
2.2 Barriers rising from socio-economic conditions
It is stated in the supplementary report presented within the scope of Solar Future Studies that; There are different barriers according to whether people living in residential areas are homeowners and tenants, are middle and low-income individuals, and even have low credit scores (Heeter et al., 2021). Specific strategies must be developed to overcome such barriers, and this opinion article introduces a new concept to contribute to the solution. This concept: The roofs of houses in city centers can be rented in the same way as lands outside the city are rented for solar energy production. When a roof is rented for solar PV installation, the rental fee can be a reasonable amount that will offset the increase in insurance costs and contribute to the home’s electricity bill. Data from solar calculator websites show that such applications are realistic and reasonable (Aurora Solar, 2023; NREL, 2023; SunPower, 2023). With such an application, the low income of the landlord or the low credit score can turn into an advantage. Similar practices can be extended to rental properties as well. By using Micro-inverter in Solar PV systems to be installed in such houses, it can be ensured that the entire electronic system is gathered on the roof and thus the tenants are less disturbed (Sivaraman and Sharmeela, 2020; Lagarde et al., 2021).
3 RENEWABLE ENERGY STORAGE IN RESIDENTIAL AREAS
Another method to minimize the need for agricultural and public areas in renewable energy production can be to store surplus energy generated at night from renewable sources and use it during daylight hours. Thus, the need for new energy production systems can be reduced. However, it's important to clarify that if energy storage isn't pursued within residential and industrial areas, the same way extra land is needed for renewable energy production, extra land would be required for energy storage systems as well. An average of 1,000 square meters of space per MWh is needed for battery-based energy storage systems (Convergent, 2023; Convergent, 2023).
Due to concerns and barriers surrounding the concept of residential energy storage, these applications are not widely used today. Some of these concerns and barriers are discussed below and expanded upon with proposed solutions.
3.1 Concerns
As of today, the most suitable technology for storing electrical energy in residential areas seems to be battery technology. However, battery-based energy storage systems are both relatively expensive, short-lived, and mostly harmful to the environment. Therefore, residential energy storage systems, which aim to reduce the need for new energy production areas by transferring the surplus energy produced at night to daytime hours and thus protect agricultural and public areas, should prefer battery systems that cause the least harm to the environment. When battery technologies are compared, it is seen that suitable alternatives can be found (Wang et al., 2018; Hannan et al., 2021; Mrozik et al., 2021).
3.2 Barriers
The existence of many energy storage systems currently in use may lead to the belief that energy storage in residential areas is unnecessary. We can list two of these alternatives as follows. First, to identify special areas for energy storage and to store very high volumes of energy in these areas using technologies such as pumped hydro energy storage systems (Rehman et al., 2015; Blakers et al., 2021) or compressed air energy storage systems (Olabi et al., 2021; Bazdar et al., 2022). The second is that energy storage is also carried out in places where renewable energy is produced. The importance of such energy storage systems cannot be denied, but just like energy production, consuming and storing energy in the same place has a significant advantage in preventing energy losses. The fact that energy is consumed mostly in residential areas in the United States shows the necessity of energy storage in residential areas.
The other and most significant barrier to the adoption of residential energy storage is that profitability can’t be generalized. Many factors influence the profitability of a residential energy storage system. NREC mentions these factors in a blog post (NREL blog, 2018). Factors like the presence of numerous energy providers in the United States of America, each with their pricing policies, make relying on end consumers for residential energy storage applications impractical.
This opinion article also introduces a new concept in this regard. This concept: The organization and commercial operation of energy storage systems in residential areas should be carried out by energy companies. Because the capabilities and flexibility required to make energy storage attractive in residential areas are characteristics of energy companies, not end consumers (RAP, 2016).
For instance, a model like this can be used. Energy companies place energy storage systems in residential areas, such a system can be called “Residential Area Energy Storage System,” or RAESS. Thanks to the energy company RAESS, it sells very cheap night electricity at the highest electricity price during the day at convenient times. A part of the profit obtained is reflected as a suitable discount on the electricity bill of the house where the RAESS is placed, and a part is allocated to cover the investment cost of the RAESS system. Therefore, both producers, energy companies and end users can benefit from such applications.
If the residential energy storage concept is developed, further advantages can be achieved. For instance, roofs or gardens of all houses and apartments in residential areas may not be suitable for renewable energy generation, on the contrary, a suitable place can be reserved for energy storage systems in many houses and apartments. Therefore, a much higher potential for stored energy use than anticipated can be achieved and it can contribute to reducing the need for extra areas for energy production and storage. In addition, the expansion of energy storage in residential areas can be a factor that encourages renewable energy production. Because a person who installs an energy storage system in his house already has installed 70% of the system required for solar energy production.
Energy storage in industrial areas can be considered more advantageous than residential areas. Since larger areas can be found in these areas, it is possible to use less damaging, cheaper and longer-lasting energy storage systems (Dehghani-Sanij et al., 2019; Hossain et al., 2020). If these places can store more energy than they need, this can be considered an extra benefit.
4 DISCUSSION
The opinion presented in this article argues that we need to develop some methods to minimize the need for agricultural and public areas by increasing the renewable energy production and storage capacity in Residential and Industrial areas and discusses the priority methods it has determined. These methods are summarized in the following items. At the same time, these articles are both a conclusion, a recommendation for the institutions organizing the legal regulations and incentives, and an invitation to some scientific studies that need to be done.
To minimize the need for agricultural and public areas while expanding renewable energy production:
It should support the production of energy where it is consumed. In other words, residential areas where energy is consumed the most should be considered as the priority areas for renewable energy production.
Incentives should be provided to support products and projects that hinder renewable energy production in residential areas and aim to overcome obstacles arising from physical conditions.
Energy storage in industrial and residential areas should be supported and this issue should be considered as a priority issue.
For energy storage in residential areas, battery systems that are less harmful to nature should be given priority and incentives should be arranged accordingly.
Energy storage applications in residential areas should be left to energy companies and legal regulations should be made for them to place energy storage systems and operate these systems commercially.
It should make legal regulations and give incentives that allow roofs or other suitable places in residential areas to be rented for renewable energy generation. Feasibility studies on this subject should also be supported.
This opinion article will be supported by some new articles containing simulation studies. In these simulations, the last two issues presented above, namely, two new concepts, will be addressed.
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