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Artificial intelligence (AI) plays a pivotal role in the democratization of access to renewable energy 

by providing innovative ways to systematize predictive analytics. One important application of AI 

is the development of machine learning models for energy data prediction such as renewable energy 

intake or future energy demands to foster community engagement initiatives and promote equity in 

the distribution of electrical and thermal energies. The investments made by governments and the 

private sector have increased the capacity of renewable energy power plants and wind turbines. 

Homeowners are using photovoltaic panels to produce their electricity from sunlight. However, a 

significant portion of the population resides in residential areas where it is not economically feasible 

to install such panels or to construct wind energy technologies due to specific environmental 

characteristics. 

The commodification of AI-based services and advancements in AI-based technologies dislocates 

some of the administrative burdens of designing and executing machine learning models, providing 

timely opportunities to reduce the energy disparities in such residential areas. The AI development 

investments, regulations, and improvements in the automation of the implementation policies may 

further increase access to renewable electrical and thermal energies for such residential areas. The 

developments in the AI area pertain to a wide range of technologies that produce complex and 

multifaceted effects. AI can contribute to the democratization of access to renewable energy by 

operating as a “gap technology” that facilitates bridging the disparities and “wide technology” that 

influences the activities of several sectors and impacts the country’s economic structure at a level 

comparable to the agricultural and industrial revolutions in different domains. Thus, a broad and 

nuanced approach is necessary to understand the effects and consequences of AI on renewable 

energies and their relations with broader political and economic arrangements and historical 

continuities and ruptures. 
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1. Introduction 

In light of the persistent challenges around the availability, affordability, and accessibility of 

renewable energy, Artificial Intelligence offers promising pathways to develop and implement 
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community-centered renewable energy solutions. This piece examines the potential of AI as 

part of community energy work to democratize access to renewable energy, with a potential 

particular focus on its role in assisting community groups in identifying viable renewable 

options where they are, and in generating knowledge and data to advocate for it. The intention 

of the piece is to offer some insights and provoke further thoughts on the potential and 

limitations of AI is in community energy work broadly, with a view to opening up more 

conversation on this. 

Uneven distribution of energy resources has continued to hold a considerable challenge in 

meeting the energy demand of society. In part, this has led to the exploration and exploitation 

of renewable energy resources which are abundant, economical, and environmentally friendly. 

One of the globally tackled issues is the ecology and environmental risk due to greenhouse gas 

emissions, which is accountable for climate change. A prominent way to mitigate the 

greenhouse gas emissions is to enforce the use of renewable energy resources. Renewable 

energy resources are alternate forms of energy and considered as future energy resources, 

particularly in developing countries. Due to the energy crisis and mounting price of electricity, 

there is a dire need of implementing renewable energy resources throughout the 

infrastructures. Renewable energy resources have been demonstrated to be beneficial for the 

environment and economy. Locating appropriate sites for the deployment of renewable energy 

converters is very imperative, on the basis, it needs a deep analysis of wind or solar energy 

parameters for proper site selection because of the intermittency and fluctuations of renewable 

energy resources.In democratizing access to renewable energy, artificial intelligence (AI) can 

serve as a tool to skillfully engage with communities in ways that are often not scalable due to 

prerequisite knowledge and expertise. One major use of AI consists in creating user-specific 

models that can target community-specific needs and capacities while fostering highly-

inclusive community engagement strategies. These community-focused AI applications can 

include energy consumption forecasts, strategies to improve energy efficiency, or financial 

projections on long-term energy savings. To heighten the accessibility of said AI applications, 

interfaces crafted with sensitivity to the capabilities of and pressures faced by non-expert 

adoptees are crucial. 

 

Fig 1: The Democratization of Artificial Intelligence 

1.1. Background and Significance                                     

The conversation around climate change often frames the discussion within broader 
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environmental impact—rising sea levels, raging wildfires, natural disasters rooted in 

anthropogenic activities. But the effects of climate change are not universal—socio-economic 

disparities have meant that it is often those with the most resources who are in a position to 

best contend with a changing planet, and it is those who are marginalized that are worst 

affected by a warming globe. To effectively combat climate change and ensure a sustainable 

future for generations to come, we must look for ways to deploy equitable solutions to increase 

access to sustainable living globally. In turn, that means democratizing access to resources not 

just by expanding access to sustainable solutions, but by eliminating the socio-economic 

barriers that make resources exclusive. 

Renewable energy, or energy generated from natural resources such as sunlight, wind, and 

rain, presents a unique opportunity to address the intersecting issues of climate change and 

social justice when properly made accessible. And although renewable energy sources have 

been around for centuries, the societal need for effective, scalable renewables have only 

accelerated in recent decades due to heightened awareness of climate change and calls for a 

just transition to sustainable resources. Despite the development and implementation of 

renewable energy sources, marginalized communities such as indigenous communities, 

farmers of color, and low-income neighborhoods are excluded from these benefits. Among the 

reasons for this exclusion include economic barriers, outdated policy frameworks, and lack of 

access to technology. Given the urgency and interconnectedness of the climate crisis and social 

justice, innovative, widely representative approaches that prioritize community needs, 

resources, and education to sustainable resources must be accelerated.  

Equ 1:  Community Energy Equity Model 

 

 

2. The Intersection of Artificial Intelligence and Renewable Energy 

The insightful theme on the democratization of energy patterns, congregating the focal point 

of energy automatic learning with a partisan fix on increasing the availability, sustainability, 

and fair dealing aspects. Data on electrical energy users offers a comfort for outline energy 

content on authority intervals and energy acceptance on various demand constituting devices, 

like televisions or air conditioning, leading to an understanding on consumer behavior on these 

outlines: at what time and how much energy these devices will be utilized. Anomaly 

identification and alerting for patterns with notable increasing or declining are the primary 

areas of study. The study targets groups of commercial users, reaching quarterly charges, who 
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observe energy costliness, and groupings of residential users. In the wide sense of energy, AI 

(artificial intelligence) learning can shape an electric power system as a complicated and vast 

community entailing plentiful production and utilization centers. This adjacency region is also 

a sophisticated group of singular and plural executed tops. Designing security-constrained 

optimal power flow in such a structure to improve performance is exceedingly problematic 

and restricts oneself to specific systemic manoeuvres. The globally appealing tax policy is to 

assess the developmental potentialities of numerous methods suggested in the literature. 

Automated onsite policing tackles an ability to predict casual powers on the electrical 

transmission system deriving from a huge peak occurring on a future interval. Encouraging 

findings are revealed together with reports of advanced monitoring practices encompassing 

immense data formatting results to be shared. You can also fashion novel architectures salutary 

for studies calling for autoregression. A conflux of diurnal hydro influences emanating from 

various catchments into a grid’s streamflow exhibits problematic side effects. The adeptness 

of deep learning multi-input site and consolidated transformers network architectures to 

correctly sketch energy content at numerous forecasting horizons is illustrated. Baseline 

configurations suffer from performance drawbacks with proxy light gate ensembles, somewhat 

competing with conventional methods. Refined models are observed to outflank these issues, 

steered towards adeptness through the data nearness statement. APF benchmark features an 

operational focus through surgical data practices and safe domain subsampling. Hedged 

forecasts formulated within the operational frame are subsequently demonstrated. 

 

Fig 2: Optimizing renewable energy systems through artificial intelligence 

2.1. Overview of Renewable Energy Technologies   Innovations in technology, including the 

development and growth of technology itself and decreased cost of capital, play a crucial role 

in transforming accessible renewable energy technologies in the form of wind, solar PV, and 

hydropower into a new generation of democratized renewable energy access sources. It is 

technological advancement that has made solar panels and wind turbines cheaper and more 

efficient than ever, giving residential communities a chance to produce their own energy. Solar 

panels’ prices have fallen by 89% over the last decade, and panels have become 603% more 

efficient during the same period. For wind power, wind turbines produce 47 times more 
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electricity than they used to 30 years ago, and the capital cost of wind power installations has 

declined 48% over the same period. And growing community investment matches growing 

residential energy savings. At the same time, it should be noted that affordability and access 

to renewable energy technologies in the marketplace could democratize renewable energy 

technologies. This includes research exploring AI technologies. AI technologies could 

democratize renewable energy in the same way as major IT has democratized access to other 

commodities and information: the drop in renewable energy prices and emergence. Machine 

learning model technology is used to predict community energy use, because these models can 

be used to detect individuals who would benefit most from technology intervention, and also 

it would allow utilities and policymakers to optimize energy efficiency interventions in 

reducing AC bills, thus ensuring that resulting energy bill reductions are equitable across 

demographic groups. Machine learning models can also help identify which solar panel 

installation site will be the most productive and assess the risk of development and location of 

distribution-connected solar projects. These are discussed in the following sections, which 

provide an understanding of the role and diversity that renewable energy technologies can play 

in communities and of the dangers and benefits of the integration of existing energy 

infrastructure. Some examples of the use of these technologies can be used to explore these 

issues and ideas. And is important for a wider reading, via engagement in the dissemination of 

information on these technologies to the public. The focus of the proposed review is informed 

by the problem, need for early intervention, and the current stage of research. At the same 

time, intervention is considered after all the results have been described. However, it is 

believed that it is important to highlight these suggestions early on and to proceed with them. 

It is likely that public awareness and investment in community renewable energy technologies 

will increase within the next few years. This technology could help support and manage efforts 

to increase public participation and investment in community renewable energy technology as 

this investment grows. At the same time, effective collaboration with AI researchers on the 

development and application of ML models of community energy use provides another 

opportunity for this review. 

 

3. Challenges in Access to Renewable Energy 

Meeting future energy needs in a sustainable and environmentally-friendly way is widely 

recognized as a key challenge faced by society in the years ahead. The urgent need for a 

sustainable energy future cannot be under-emphasized. While renewable resources offer 

considerable potential for addressing key environmental concerns, current energy systems 

remain predominantly reliant on non-renewable resources. Such non-renewable resources can 

cause long-term social issues due to negative environmental impacts. There are several 

challenges toward democratization of access to these resources. The worldwide existing 

energy systems have been considered as unfair or unjust systems, from an equity perspective, 

which indicates that even if technological issues are resolved, there will be no guarantee that 

potential benefits will be distributed evenly among different classes of the community. 

Currently, extreme economic and geographical disparities in societies play an essential role as 

barriers to the access to more precious options of renewable energy resources for 

underprivileged communities. Even if energy resources are distributed over the diversified 
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regions of all countries in both economic and political terms, the more favorable may be 

difficult to benefit from by marginalized populations. Spatio-economic assortments such as 

uneven cost allocation for urban and rural areas, and high investment for low populated 

regions, lead to significant disparities among different classes of the society, which sections 

are unable to access energy resources since they are struggling to meet their basic needs. There 

are, moreover, some technological challenges against equitable access is granted, such as 

inadequate infrastructure and systematization for energy harvesting. Limited awareness and 

knowledge, and lack of access to information are other technological challenges to the spread 

and remuneration of renewable energy resources, as underprivileged classes are more exposed 

to misinformation. Along with the consideration of technological issues, possible social 

impacts must be taken into account as well.  claim that energy inequity has insidious 

implications on social life that contributed to the deterioration of dignity, safety, health, and 

economic prosperity. 

 

Fig 3: AI in the energy systems’ main challenges and their related factors 

3.1. Economic and Geographical Barriers                  

Within low-income and African American communities in the United States, residents, on 

average, spend nearly 10% of their incomes on electricity, which is at least twice the national 

average. Despite a massive decrease in solar and wind energy generating costs, millions of 

U.S. households on low income will still not be able to afford solar panels or wind turbines 

due to a lack of assistance to make large investments, insufficiency of credit, and unsuitable 

credit score. Geographically, currently existing renewable energy stations are mostly 

concentrated on the states’ coastal shores and some developed urban areas. Real-time 

residential demand peaks typically occur on hot summer mornings or as lights come on after 

dark, whilst solar PV panels operate most efficiently when it is sunny. These two events are 

rarely aligned. Moreover, grids cannot carry electricity efficiently over long distances, so it is 

not economical to transmit wind energy generated in North Dakota to Texas. This leads to a 

situation where renewable energy is abundant in some areas and scarce in the rest at the same 

time. As a result, consumers in remote regions unavoidably cannot have enough renewable 

energy, even financially affordable. Additionally, energy equity is also part of the broader 

equity within environmental justice. Off-grid rural communities and disadvantaged urban 

neighbourhoods are the most underserved communities currently. However, policy 

frameworks on democratizing renewable energy have not sufficiently focused on these 

disadvantaged communities, resulting in their continued exclusion. 
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Equ 2:  AI-Enhanced Energy Pricing for Equity 

 

 

4. Role of Artificial Intelligence in Democratizing Renewable Energy 

This article explores how artificial intelligence (AI) can aid efforts to democratize renewable 

energy. Just as communities are striving to make energy systems more sustainable and 

equitable, machines can help these communities make better use of energy. As automated 

systems generate and process ever more data, intelligent machines are needed to make this 

flood of information useful. AI can improve energy management, enhance public engagement 

in energy use, and help ensure that energy systems are used more equitably. The field of AI is 

developing ever more ways to analyze data and extract value from it. Machine learning, a 

branch of AI, comprises algorithms that adjust their behavior as they process data. Such 

algorithms are particularly well-suited to unruly and messy datasets, common in the energy 

world. Many of the most exciting propositions for this data-driven future lie in the utility of 

AI. 

There are a plethora of tools and algorithms that fall under the umbrella of AI. Machine 

learning comprises several different types of algorithms, such as neural networks, ensemble 

models, and clustering algorithms. Some skilled practitioners of AI specialize in this modeling. 

Simultaneously, end-users, be they policymakers or consumers, are more interested in 

extracting insights about energy from data. This analysis could happen with the help of AI 

technologies without significant knowledge in machine learning or coding. This latter group, 

the recipients and users of insights, is the focus of this exploration. It is through the use and 

deployment of AI-generated insights that a more equitable energy future will be unlocked. It 

is essential that this interaction be facilitated in accessible and user-friendly ways. Not even 

the smartest, most extravagant models will be beneficial unless they are exerted and 

understood. Several such case studies, focusing particularly on the project interface and how 

communities interacted with the AI, are illuminated to elucidate the transformative potential 

of AI. 
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Fig 4: Democratize Generative AI 

4.1. Community Engagement and Equity                              

For our planet to have any sort of future amidst worsening climate change, access to renewable 

energy has to be democratized. There will never be enough sustainable energy for everyone if 

it remains a top-down industry. People need to have a say in their energy. Community 

engagement and equity are the two linchpins of democratizing access to renewable energy. 

Community engagement in this context refers not only to informing community members 

about energy resources but involving them in decision-making. With the rise of wind and solar 

co-operatives in much of the world, renewable energy is being harnessed by an increasing 

number of community members. This can greatly benefit all community members. Firstly, a 

broader array of perspectives and knowledge can be harnessed. Many of the most pertinent 

knowledge about, for example, how renewable energy can be integrated into ways of life, will 

be held by the communities it is being integrated into. Further, key challenges that should be 

dealt with can be identified and addressed. Secondarily, significant financial benefits, in the 

form of diminishing energy costs, are potentially gainable. However, without pro-active 

community engagement these benefits tend to flow disproportionately to already comfortable 

community members. This can intensify existing inequalities and tensions. For such schemes 

to have the best chance of fostering equitable and sustainable communities, strategies are 

needed to ensure all aspects of the community are involved in and benefit from the energy 

initiative. This can take shape through participation in all stages of the initiative. Recognizing 

that language and literacy can be an obstacle for community members to understand the 

strategies. Once the initiative is set up, it is important to have mechanisms for community 

members to give feedback, ask questions and raise concerns. This can take shape in many 

ways, such as educated facilitators or regular information sessions. To cultivate understanding 

and help unpack it, I reflect on best practice case studies that illustrate various strategies for 

inclusive community engagement around renewable energy. Lastly, it’s important not to be 

naïve about the difficulties and implications of working with a broad range of community 

members. This can be particularly challenging when power dynamics have traditionally been 

stacked against engaging groups. Nevertheless, it is essential that all stakeholders are somehow 

engaged in the initiative, as trust and transparency are key to durable and interconnected 
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energy systems. Trust in both the development process and the energy system itself can't have 

the opportunity to be built by involving, and being transparent with, all stakeholders. 

 

5. Machine Learning Models for Community Engagement 

There is a growing interest in the potential role of big data, algorithms, and artificial 

intelligence for renewable energy applications. However, the vast majority of research on this 

topic focuses on improving energy system operations, such as smart grids, battery 

management, and grid optimization on transmission or distribution scales. By contrast, I am 

interested in how machine learning can enable a better match between the supply of 

renewables and the demand for energy services, e.g. by optimizing the use of renewable energy 

resources in both energy-use sectors (e.g. by matching the needs of industrial load and district 

heating with local renewable sources). This interest in democratizing energy implies a focus 

on community-scale solutions and a question of how to develop models and tools that can 

foster community participation in the design and implementation of small-scale renewable 

energy projects. 

On this aspect, machine learning can be key to predicting the needs and preferences of 

communities based on data collected from them. While in principle, renewable energy 

researchers are best placed to work on community engagement models, in the case of 

democratizing renewables, appropriate applications of machine learning would need to engage 

a broader range of expertise that would include more social science qualities, such as those to 

do with psychology, sociology, cultural theory and community participation. Empirical 

examples are indispensable, illustrating the means by which machine learning and predictive 

models might be applied in actual cases. Ethical implications are also raised. They emphasize 

the challenge for secure data sharing in developing machine learning models, the potential for 

data driven models to perpetrate disadvantage and exclusion upon those communities least 

able to give informed consent to data about them being used in this way, and the ways in which 

current capabilities of machine learning might re-shape the dynamics of energy community 

engagement. National government strategies for community energy no longer prioritise 

community or local ownership, while also mandating price upon certain disadvantaged 

households in a community, and thus increasing the possibility of sanction and disadvantage 

upon population groups already struggling in the face of rising fuel costs and living in 

precarious circumstances. In contrast, advances in predictive models would shape the 

development of community engagement strategies that were more responsive to community 

needs, drawing upon detailed socio-economic and energy use datasets, and also able to test the 

effectiveness differential approaches to renewable technology deployment across 

disadvantaged and vulnerable communities, in order to maximise benefit within such from the 

energy transition. Such developments would also pose a threat to the status quo, suggesting 

the importance of addressing the possibility of  unintended consequences and providing 

practitioner recommendations that would offer a means of ensuring both equity and access in 

energy community engagement. 
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Fig 5: Machine Learning Models for Solar Power Generation 

5.1. Data Collection and Analysis                                     

The development of effective machine learning models must incorporate the collection and 

analysis of diverse and representative data that is inclusive of the community represented. This 

is a necessary section that will seek to investigate the ways that data is collected and analyzed, 

the community engagement processes through which data can be interpreted for actionable 

insights, and the challenges faced throughout. As a primary goal, this table will seek to develop 

a more formal grounding for understanding the role that data plays with respect to the way it 

informs machine learning strategies within democratic renewable energy contexts. This 

section provides a general structure for understanding how the subsections following (Sections 

5.2 through 5.5) will seek to inform the design, development, and deployment of specific 

machine learning models put to use within energy equity programs. 

A priority is placed upon ensuring that the data collected is diverse, inclusive, and 

representative of the community contexts it seeks to engage with. The democratization of 

renewable energy resources relies upon assured access to useful and accurate data surrounding 

energy production, consumption, and planning. It is conducive to collect as much open source 

data as is available and permissible, including measures from national infrastructure systems, 

or through the utilization of remote sensing technologies. This kind of data is useful for fuel 

resource exploration and grid capacity planning. Still, it is recognized that community groups 

have contextual, experiential, and social data that is likewise valuable for planning and 

engagement. This kind of data may be collected through surveys, via social media channels, 

or through the development of community feedback mechanisms. Efforts will be pursued to 

seek out various opportunities in engaging with community groups from diverse geographies 

and cultural contexts. Technology use cases will be provided that can help guide the collection 

of data in ways that are sensitive to the needs of marginalized and under-resourced 

communities. 

Equ 3: Community-Based Energy Storage Optimization 
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6. Conclusion 

This essay excavates how artificial intelligence (AI) can play a pivotal role in democratizing 

access to renewable energy resources, expounding the development of three innovative 

machine learning models to engage community members in the co-design of solar panels and 

batteries. Following the decentralization and decarbonization of power systems, off-grid 

renewable energy is democratizing access to electricity in a number of regions. However, 

existing engagement practices often engage communities only after the completion of 

feasibility studies, overlooking the ability of residents to shape projects. This leads to reduced 

system performance and acceptance rates. 

AI can democratize community engagement in the energy sector by empowering residents to 

self-assess the impact of different types of solar panels and batteries on energy distribution 

and determine the most appropriate technology mix in equitable and privacy-preserving ways. 

AI-enabled objects of inquiry can promote community-driven system architectures and policy 

interventions, encouraging the co-design of off-grid renewable energy projects and the 

materialization of their impacts across groups. At the same time, it entrenches an iterative 

policy learning loop, fostered by the automatic incorporation of ethnographic data, reducing 

standards of public legitimacy and social equitability . NFC technology, due to its extensive 

adoption worldwide, paves the way for AI-enabled processes of democratization of 

community engagement in the energy sector, rewarding the initial implementation of three 

such machine learning frameworks and appraising their potential contribution to the 

realization of pro-socio-technical energy futures, where both energy systems and supportive 

social fabrics are more equitable, transparent and resilient. 

However, the nexus of AI, solar panels and batteries, unveils a number of conceptual, technical 

and ethical challenges. 
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Fig 6: Potential of artificial intelligence in reducing energy and carbon emissions of 

commercial buildings at scale 

6.1. Future Trends                                                            

With the proliferation of renewable energy projects over the last couple of years, there is an 

opportunity to unlock valuable insights about the engagement strategies that are likely to foster 

community support both at the beginning of a project, and then throughout its lifecycle. Past 

efforts have not considered the complex, longitudinal relationship between project initiation 

and the various interactions that subsequently occur between project proponents and 

community members. Natural language processing along with event sequence analysis is 

employed to analyze a rare, rich, and longitudinal dataset of 5,222 events concerning 17 

renewable energy projects that involved 32,784 community members. The application of the 

proposed approach to renewable energy projects in the Australian state of Victoria yields a 

range of practical insights about the timing, content and modality of engagement strategies. 

The interdisciplinary analysis informs policy and practice for those overseeing renewable 

energy projects, revealing the timing of engagement terms associated with project approval 

times and a mix of social and information terms related to maintaining community support. 
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