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Introduction

The Appalachian Region of the state of Virginia is a piece of a larger socio-economic

region consisting of 206,000 square miles covering the central and southern sections of the

Appalachian Mountains on the East Coast of the United States. This region has historically

experienced economic prosperity due to the booming coal industry, but that growth has been

curbed in recent years. From 2005 to 2020, employment in the coal industry fell by 54% and it is

estimated that the industry will continue to see steady layoffs of 5% every year (Pollin, 2021).

While this decline has impacted every aspect of life in the region, there are two primary reasons

this is happening. First, there are changes in the coal industry that have rendered some of the

previously necessary jobs useless. For example, automation of the coal mining process has

allowed for more efficient coal mining and has increased layoffs. Additionally, the cost of coal

has become comparably higher than other alternatives mined in the Western United States

(Plumer). Due to these factors, and the sheer fact that the coal resources in the Appalachian

mountains are simply running out, the coal industry has experienced a large hit.

The second reason that the coal industry has seen such a steep decline in the past decade

is due to the overwhelming push to implement renewable energy sources into the country’s

energy grid. According to the International Energy Authority, the primary goal to mitigate the

effects of climate change is to reach Net Zero Emissions by 2050. For this to happen the world

must triple the current investment in renewable energy by 2030 to 4 trillion dollars. While this is

what Net Zero Emissions would look like on a global scale, this goal would require most of the

Western world to implement this strategy in all areas, including the Appalachian region of

Virginia. The Biden Administration has set the target of 80% renewable energy generation by

2030, and 100% carbon-free energy by 2035 (Mai, 2023). This goal, set in 2023, was announced
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following an Act that allocated $370 billion in funding subsidies for renewable energy

technologies. With goals and monetary incentives like these, the developers in the region are sure

to push for more renewable energy development, and because of this, the communities are

beginning to divest from coal.

The declining coal industry in the Appalachian region of Virginia has brought

socioeconomic hardship upon the communities that depended on coal, but the transition away

from coal is not all bad. Renewable energy development can create many positives for

surrounding communities from job growth to more dependable energy infrastructure. A report

done by the Political Economy Research Institute claims that in West Virginia alone, more than

25,000 jobs could be created annually due to investment in renewable energy (Pollin, 2021).

With projected job growth like this, communities that have suffered at the hands of the declining

coal industry could prosper from the implementation of renewable energy technologies. Solar

Energy specifically offers many plausible solutions to these communities due to its ease of

implementation and its low cost of energy generation. Solar Power offers one of the lower costs

per Kilowatt Hour (kWh) of energy produced at ~ $0.10 while fossil fuels tend to cost ~ $0.15 -

$0.20 / kWh (Inspire Clean Energy, 2024). This low cost of energy is just one way that Solar

Energy can help stimulate surrounding communities. With lower energy costs, local governments

can use the excess funds to invest in the people, rather than having to worry about supporting the

energy demands.

The implementation of renewable energy, and solar energy specifically, should appeal to

almost everyone, but some people still have issues with it. Whether those issues are rooted in

political beliefs or genuine safety concerns, there is a legitimate movement in the region

opposing the development of renewable energy. Said movements have created barriers that limit
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the possibilities of Solar Energy and the benefits that could be seen by the communities that

continue to reject the technology.

Methods

When attempting to understand the landscape of the Appalachian Solar Energy sphere, it

was deemed best to investigate this issue under the lens of the Actor-Network Theory

Framework. The Actor-Network Theory (ANT) was created to establish how a group of actors,

human or nonhuman, “form alliances or associations to produce and stabilize a particular state of

affairs” (Crawford, 2020). As I look into the relationship between the many actors I have deemed

to be in this network, this framework will allow me to answer the question: What are the main

challenges facing the implementation of Solar Energy in Appalachia, and what steps, if any, can

be taken to help overcome these challenges?

Solar Energy System

The technology of the solar energy system comprises everything from the panel itself to

the battery, to the method at which the energy goes from point A to point B. The technology

itself is essential to analyze because many of the issues surrounding the development of solar

energy systems is the lack of effectiveness. Currently, solar panels range from 2% - 20%

effective in capturing the energy from the sun (Hudedmani, 2017). This alone has the general

public skeptical and believing that the investment required for these systems is not enough for

the return seen. This issue is just one of the many riddled within the landscape of solar energy

systems, and if things aren’t done by actors in this network to fix these issues, then the future of

solar energy development is in trouble.
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The General Public

One Actor that will be considered will be “The General Public”. This group will

represent the people within the Appalachian communities who will deal with all consequences,

good or bad, of Solar Energy projects in their neighborhood. The General Public plays an

essential role in the network because their approval drastically influences the future of Solar

Energy development. Historically, most of the policy, an element of another actor in this

network, has used strategies to increase public acceptance as a means to incorporate new

technologies (Lucas, 2021). If this strategy were to continue to be implemented, this means that

The General Public could be an ultimate decider in the future of Solar Energy technologies and

how they would be implemented at a mass scale.

Government / Policy Makers

Another Actor that will be a large player in this issue will be the Local, State, and Federal

Governments that govern the land on which these projects would be built. Currently, the Federal

Government’s goal is to accelerate the development of solar energy systems to decarbonize the

electricity grid by 2035 (Department of Energy, 2024). With goals like these, the government

will push to develop solar energy in every corner of the country, and it will incentivize local and

state governments to do so through federal grants and tax incentives. While the government will

do everything monetarily to encourage growth in the solar sector, it still must provide the

appropriate information to the public. The lack of information about renewable technologies

such as solar is a driving force in the hesitancy surrounding solar energy (Carbajo, 2017). If the

government can diversify its engagement effort by supplementing fiscal incentives with accurate
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and reassuring information, policymakers could be a driving force for solar technologies in this

network.

Developers

Developers play an interesting role in this network because they primarily interact with

only the government and the technology itself. The Developer typically does not care how the

public feels about the project because they are there to complete a job they were hired to do.

Developers are the primary point of contact with the technology itself as they are the ones

responsible for building the systems and helping the system become more efficient when it is

used.

Through all of these actors in the network, there will be a discussion that examines the

relationships between each actor and how those relationships can be molded to encourage the

growth of solar energy in Appalachia.

Literature Review

Existing Issues

Through extensive research, two classifications of issues were identified surrounding

Solar Energy: Social issues and Technological Issues. Social issues can be defined as issues

within the public such as Education or Politics that have defined the public sediment surrounding

Solar Energy. Technological issues are issues that must be addressed to increase the efficiency of
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integrating Solar Energy into the power grid. Both of these issues play an equal part in creating

barriers to the development of Solar Energy, but their root causes are drastically different.

Education Issues

A primary issue delaying the development of Solar Energy in the Appalachian Region is

the lack of widespread knowledge concerning renewable energy sources. In a survey conducted

for a worldwide Solar Energy Conference in Abu Dhabi, citizens cited environmental health and

safety concerns as the top two reasons they opposed the development of Solar Energy (Lucas,

2021). While, yes, these issues are cause for some concern, any negative consequences that arise

from the development of Solar Energy, like increased runoff and erosion, can easily be mitigated

through engineering methods designed specifically for these issues. It is small instances like this

that add up to create public opposition to renewable energy sources like Solar Energy, but as the

world continues to evolve, this issue only gets worse with the lack of good information regarding

Solar.

Within the scope of the Appalachian region of Virginia, the lack of public knowledge is

the driving factor that has continued to push away Solar Energy. As the writing previously

mentioned, this region in particular has suffered from the declining coal industry, and this

suffering has impacted the education in this region. According to an article written about

education levels in Virginia, the southwestern counties (Appalachian Region) have the “lowest

educational attainment rates in the state” (Yancey, 2023). The article continues to state that these

drops can be attributed to the declining population, which can be tied to the increased layoffs in

the region. The continuously declining levels of education in southwestern Virginia are a reason

to be concerned, but when it comes to education and the link to Solar energy, the news about the
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lack of education becomes worse. An Article from The Journal of Business & Economic Policy

states, “It is predicted that income per capita, which is largely dependent on education level, has

implications on demand of renewable energy” (Ozcicek, 2017). The Appalachian Region of

Virginia acts as a clear representation of what is being described in this quote, and therefore,

conclusions can be drawn between the lack of public support for Solar Energy and the lack of

quality education in the region.

Policy / Political Issues

Additional influencing factors for the citizens of southwestern Virginia are the political

affiliations of people in the region and the policies passed by local governments concerning Solar

Energy. Specifically, one conservative group called “Citizens for Responsible Solar” is doing its

best to influence the role of Solar Energy in the Appalachian Region of Virginia. A recent NPR

article highlighted a story of a struggling landowner trying to lease out some of his land to Solar

Energy Developers to make extra money in a struggling economy. The story continued to explain

that Citizens for Responsible Solar immediately became involved in the situation and blocked

the landowner from leasing his land to the Solar Developer (Copley, 2023). The traditionally

conservative base uses a grassroots approach to appeal to local communities that have proposed

Solar Energy projects in their area. The group claims to oppose these projects in the name of

protecting timberland, but in many cases, they block projects that would not destroy any

timberland. While it is unfair to claim that all conservatives in the country oppose the expansion

of renewable energy, a study conducted by the Pew Research Center found that Republicans are

far more likely than moderates or their counterparts across the aisle to support the expansion of
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fossil fuels (Kennedy, 2023). This research suggests that while Citizens for Responsible Solar

may be trying to “protect timberlands”, they also could have ulterior political motives.

Separate from individual, citizen-led groups, some local governments in southwest

Virginia have implemented policies that have made it harder for developers to build Solar Energy

Systems in certain counties. For example, in 2023, Henry County voted to put a cap on the

amount of land that can be used for Solar Energy Development in the county. The cap allocated

1% of the county’s land for Solar Development, and when the motion was passed, existing

projects already accounted for 1,807 acres of available 2,445 acres. The meeting notes claimed

that this was done to minimize the impact on the county’s view shed and rural character (Henry

County Planning Commission, 2023). This ordinance by Henry County’s government is a blatant

deterrent for any future Solar Energy Development and also signals to the citizens that it does not

support the expansion of Solar Energy in the region.

Technological Issues

Many of the issues surrounding the adaptation of widespread renewable energy sources

have to do with the parties involved in interacting with them, but other issues are purely

technological. Like all technologies, Solar Panels and Solar Panel Systems do have their

limitations and these constraints have slowed the growth of the technology. One of these issues is

the fact that even the best solar panels are not that efficient. According to a study conducted by

the KLE Institute of Technology, the best solar panels can only capture 20% of the sun’s energy

while the lower-tiered solar panels can only capture 2% (Hudedmani, 2017). These efficiency

issues make it difficult for developers or landowners to justify the installation of solar panels due

to their high price point, but if the efficiency of solar panels could continue to increase, then
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there would be a massive potential for the market of solar energy to expand. Another

technological issue that limits the growth of solar is an energy storage issue. Energy storage has

always been an issue for solar energy systems because even with their lack of efficiency, during

peak hours, solar panels can produce more than enough energy. But producing more than enough

energy is the problem. Solar panels produce most energy between the hours of 11 a.m. and 4

p.m., but because there is not much energy demand from the grid, this energy must be stored.

When this energy is stored, there is either not enough storage to supply all the demand that will

happen in the evenings, or energy is lost because the grid is not efficient enough. Problems like

these result in a positive feedback loop where the overgeneration of solar energy leads to

damaging the infrastructure, and then the process continues to get less efficient. This issue must

be addressed if solar panels are to supply energy on a mass scale, but clearly, the process must be

fixed so that energy can be stored and transferred efficiently.

Lastly, another thing that limits the growth of solar energy in the region is the lack of

sunlight in the region relative to other parts of the United States. While the region has acceptable

amounts of sunlight to support the growth of solar energy, its maximum power output can only

reach 73% of the highest energy output in the country (Global Solar Atlas, 2024). This data

could push developers to stay away from the region because the return on investment would be

lower for projects in this region. This drawback for developers could justify public backlash to

the technology and slow the growth of solar in the region altogether. The region’s lack of

sunlight primarily comes in the winter months when it is cloudy and stormy, so there is not much

that the community or the government can do to fix this issue. To mitigate this downfall,

governments could look to encourage developers to build diverse renewable energy generation

sites that would allow other forms of energy to make up for the lack of solar energy during these
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months. With government encouragement, community members would not be able to attack only

solar, and they could see how beneficial all types of renewables could be for the region.

Potential Solutions

Finding concrete solutions to all of these problems is a challenging task, but finding

solutions that allow for progress in western Virginia surrounding solar energy is a more

manageable task. Addressing social issues first, the key to making a change would be to improve

the education systems in the Appalachian region, yet this is an obvious answer. To start doing

this, communities would need to be more engaged with their energy sources and that begins with

more accessible information regarding renewable energy. The paper previously discussed that

many of the issues that residents had surrounding renewable energy sources were issues that

could easily be confronted with the correct information. While this information could have been

rolled out with the technology, it is now in the hands of local and state governments to educate

communities that push back on integrating solar energy into the surrounding energy grid. Access

to correct and informative information is so vital to begin solving this issue because many

believe that integrating people into energy policy must be done through a social acceptance

approach (Lucas, 2021). If the community could understand the environmental and fiscal

benefits of adopting solar energy, then the transition would be seamless, but the disconnect is the

crux of the issue.

In addition to focusing on educating communities, an effort should be made to urge local

governments to create policies that encourage the development of renewable energy sources.

Cases like Henry County are not uncommon when it comes to passing legislation limiting the

growth of solar power; in fact, Henry County was following the footsteps of six other counties in
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Virginia that decided to limit the available land for solar power. Because local governments are

making rules like these, the State of Virginia is attempting to make a change. The state

government has explored its options regarding overriding local ordinances to help bring more

solar power to the state of Virginia. These efforts would allow for the State of Virginia and

developers to coordinate where future solar projects would be built regardless of local ordinances

(Paullin, 2024). Moves like these by elected officials are promising because they show that

cleaner and more efficient energy is being prioritized, and this will help mitigate the impact that

less educated individuals and politicians will have when developing solar energy systems.

Regarding the technology issues that are holding back the expansion of the solar energy

market in the Appalachian region of Virginia, many things are being done in the science

community to find possible solutions. The efficiency of solar panels, which was previously

discussed as an issue, fluctuates based on the material used within the panel itself. Recently, the

Massachusetts Institute of Technology has been researching to find ways to increase the

efficiency of solar panels. Their research has led them to discover that solar panels made out of a

material called perovskite could increase the efficiency to 25.2% (Chandler, 2021). Perovskite is

not only an exciting alternative because of its increased efficiency, but its lower cost is another

factor that will excite developers. Developments like these will be necessary for the growth of

solar energy in the future, and if solar panels can continue to advance technologically, then the

barriers to a growing solar market will dwindle.

Discussion

When analyzing the issues and potential solutions surrounding solar energy in the

Appalachian region of Virginia, the Actor-Network theory provides an excellent framework for
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understanding how the actors interact with each other. From the research provided above, it is

clear that the driving factor of this entire issue is the general public. The people who reside in

this region have done nothing to help the growth of solar energy as they have actively opposed

its development. Even though the research suggests that if the general public encouraged solar

development then there would be fewer issues, the institutional powers that are pushing solar

have not done a good job of deploying information about the technology. Yes, there is an

argument to be made regarding the abundance of tax incentives and green initiatives passed, but

many Americans do not pay attention to or are aware of these policies. If solar energy is to

succeed in rural, traditional areas like western Virginia, then the government must encourage

citizens through monetary policy and education.

Another layer of the solution could come from the developer community. Western

Virginia, a traditionally blue-collar region, would respect the input of developers who were

responsible for building these types of projects. It would most likely be a change of pace from

hearing about this technology from the Washington elites, and if they heard that members of their

community thought it was a good idea, then solar energy may become more appealing.

Additionally, the role of the developer in this scenario does not have to be purely influential. The

development of Solar energy systems means that industries like construction would be in high

demand in this region. When this demand trickles down to the supply chain and surrounding

communities, the entire region could stand to be revitalized. This revitalization would not only

occur fiscally, but it would also aid the culture of education in these communities. New

frameworks of construction techniques would be required to build these systems, and community

members who traditionally helped supply the energy generated by coal would need to learn a

new skill set to understand how to distribute renewable energy. There are many ways in which
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the local developer can help stimulate the conversation around solar or renewable energy in rural

communities like western Virginia, but they have to be given the right tools to do so.

Conclusion

There are so many promising aspects of solar energy systems that could help the

struggling Appalachian communities in Virginia, but social and technological barriers continue

to stand in the way of progress. The lack of accurate and available information to these

communities can be seen as the crux of the issue, and a driving factor that is making renewable

energy sources seem so unappealing to this region. The government’s mistake of focusing solely

on the policy issues and not the human appeal aspect of renewable energy in rural communities

has created a disconnect between working-class Americans and the Washington elites that

control this country. Moving forward, this issue will be perpetuated if social acceptance is not

prioritized by the people pioneering this industry. While many issues still need to be addressed

regarding the technology itself, none of these solutions will matter if Solar energy is not widely

accepted by all. Renewable energy sources, like solar energy, have the potential to reinvigorate

struggling communities that have relied on coal in the past. This technology not only has the

opportunity to restore economic prosperity to these citizens, but it also has the potential to

improve the quality of life, surrounding environments, and education in this region. While the

direct benefits of solar energy seem to only be a lower cost of energy and a smaller carbon

footprint, the indirect benefits will expand beyond just the infrastructure of these small towns

and will help rebuild the working class of America.
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