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Abstract
As the world increases its reliance on energy, the practice of adopting innovative,

renewable energy sources has grown in significance. This study focuses on the effects of
regulations and incentives on renewable energy financing in the U.S. The goal is to examine the
connection between factors such as GDP and renewable energy financing. Using data from
2016 to 2019, a regression model is used to analyze how factors like GDP affect renewable
energy consumption. Findings suggest that adopting certain renewable energy sources are
more correlated with GDP, including solar, geothermal, biomass, and total renewable energy. In
addition, economic factors were examined to determine which affected renewable energy
consumption the most. The analysis suggested that the most effective energy source in the
U.S. was solar, due to the high GDP in the U.S. as well as the rate of technological
advancement in solar energy.

Introduction
The modeling of renewable energy finance is essential as the world begins to follow the

guidelines of numerous climate agreements. The Paris Agreement focuses on reducing
emissions in high-emission sectors by implementing zero-carbon solutions and considering the
impact of policies on renewable energy construction [1].

Following the onset of the Russian invasion of Ukraine, global nations have been made
aware of their energy supplies. Energy prices have surged at least 63% and up to 113% in some
areas [2]. In addition, government spending worldwide has increased by $500 billion since the
invasion [3]. The global energy economy’s heavy reliance on Russian oil and gas has resulted in
the consequence of this heavy reliance affecting certain regions significantly. A few years before
the war started, two-thirds of European imports from Russia comprised energy-related products
[4].

Even without the onset of the ‘special military operation’ over the past few years,
renewable energy investment has also increased in many countries worldwide including China
and India. In these two countries, the lack of a consistent energy supply in rural villages has
become increasingly apparent. China still harbours 30 million people who do not have access to
electricity [5]. In addition, India accounts for a third of the world’s population who still do not
have access to electricity [6]. Thus the need for energy becomes ever apparent, yet the method
by which that electricity is generated has still leaned towards fossil fuels for centuries.
Investment in fossil fuel energies remains as high as ever as over 1 trillion USD continues to go
towards gas, coal, and oil. However, evidence points to the surge of renewable energy finance,
in 2023, 1.7 trillion is set to be invested into clean technologies. Furthermore, for the first time,
solar power is expected to exceed oil production [7]. This indicates the growing investment in
renewable energy financing.

The importance of the way we finance clean technologies remains essential to effectively
shifting the world away from fossil fuels. Specifically, financers tend to focus on obtaining
finance instead of managing the financial assets effectively, this leads to skewed distribution of
funds and leads to certain sectors of renewable energy research needing to be more balanced.
(Mazzucato, Semieniuk, 2018, p.8) On the other hand, many factors come into consideration
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when building renewable energy infrastructure such as location, demand, capacity, and
resource availability. Wind and Solar for instance require careful planning when erecting power
plants. Wind in particular requires at least 9 mph for smaller winder turbines and 13 mph for
utility-scale turbines, and not all locations are optimal [8].

Consequently, in the U.S. alone, five states comprised 57% of wind energy generation in
2022 [8]. In addition, Solar requires areas with high concentrations of solar radiation further
highlighting the importance of location as California and Texas alone comprised 42% of
utility-scale solar electricity [9]. Therefore, the financial planning of investment into renewable
energies needs to be controlled and managed for further efficacy.

Our results find that GDP affects different types of renewable energy, however, the
benefits of financing each renewable energy source differ, with some sources being better for
public investors than others. In our data, we found that solar is currently the most prominent
renewable energy source that is being developed and that it is a renewable energy source worth
financing. This project will aim to explain why that is the case through regression analysis of
energy consumption data from the IEA and research from outside sources.

Data
This research aims to find the most effective way to finance renewable energy. Using the

data below, we analyze the relationships between different variables. In this project, data from
42 U.S. states is used and the data taken for the tables is from 2016-2019. The data is compiled
from different sources and relisted as graphs and tables to help better understand the
relationship between different variables. We were not able to acquire data for all U.S. states and
variables; however, the data is still taken from a majority of U.S. states meaning that the results
are still significant. The data is in a panel structure because we have time series and
cross-sectional components. Some of the data samples are taken from the IEA, which lists
detailed information on energy consumption and price. This data was directly implemented into
our compiled data, which was then run through code and Excel to find the listed values in the
tables below.

Results

We noticed many signs of collinearity throughout the results using the correlation matrix
below. The closer to the red, which means 1, the more correlated they were. However, we
excluded certain variables that displayed signs of multicollinearity to avoid biased estimates. We
used a cutoff point of 0.8 to exclude certain variables such as energy consumption.
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Table 1

Full data set on correlation between all variables used in the research paper.
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Table 2

Total Renewable Energy Consumption Compared with other Independent Variables and finding
the variation the data can account for.

Source: Data from Electric Power Monthly - U.S. Energy Information Administration (EIA), EIA,
22 Nov. 2023, www.eia.gov/electricity/monthly/.

Note: Table 2 shows the fixed effects model results using total renewable energy consumption
as the dependent variable. Time-fixed effects and state-fixed effects are used to account for
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time-invariant characteristics and deal with the limitations of omitted variable bias. The R
squared is 0.7851, indicating that 78.51% of the variation in the dependent variable–total
renewable energy consumption–is explained by our fixed effects model. Using the significance
level of 5%, we can see that only the following variables are not significant: average monthly
consumption, average price, behind the meter, cooperative, investor-owner, and bachelor's
degree. This is a surprising result since I thought that education would affect the given
dependent variable due to the increased knowledge that people would have on environmental
topics. Yet this is not the case as shown with the P value. The coefficient with the Real GDP
shows that an increase of one thousand dollars in Real GDP is partially correlated with an
increase of 0.38 million BTU in total renewable energy consumption.

Table 3

Total Solar Energy Consumption Compared with other Independent Variables, and finding the
variation the data can account for.
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Source: Data from Electric Power Monthly - U.S. Energy Information Administration (EIA), EIA,
22 Nov. 2023, www.eia.gov/electricity/monthly/.

Note: Table 3 shows the fixed effects model results using total solar energy consumption as the
dependent variable. The data uses time- and state-fixed effects to reduce omitted variable bias
and account for variables that change due to time factors. The R squared is 0.8536, indicating
that 85.36% of the variation in the dependent variable can be explained through the model.
Keeping in mind the significance level of 5%, we can see that the variables average monthly
consumption, behind the meter, investor-owned, average price, municipal, political subdivision,
cooperative, federal, average earnings, and bachelor's degree are not significant. This is
surprising because I thought that education would affect renewable energy consumption as a
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more educated populace would be able to identify the effects of climate change and attempt to
reduce their carbon footprint. The coefficient with the Real GDP, shows that an increase of one
thousand dollars in Real GDP leads to an increase of 0.42 million BTU in solar energy
consumption.

Table 4

Total Solar Energy Consumption Compared with other Independent Variables and finding the
variation the data can account for.

Source: Data from Electric Power Monthly - U.S. Energy Information Administration (EIA), EIA,
22 Nov. 2023, www.eia.gov/electricity/monthly/.

Note: With total wind energy consumption as the dependent variable, the findings of the fixed
effects model are displayed in Table 4. Temporal- and state-fixed effects are used in the data to
account for variables that vary as a result of temporal factors and minimize the bias caused by
omitted variables. With an R squared of 0.7816, the model can account for 78.16% of the
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variation observed in the dependent variable. The average monthly consumption,
investor-owned, number of customers, average price, political subdivision, cooperative, Real
GDP, federal, bachelor’s degree, and average earnings variables are not significant, according
to the 5% significance level. This is unexpected since, as Table 1 explains, we expected
education to have an impact on the dependent variable; however, this is not the case because
the effect is not statistically significant. Federal is also not significant, which is also surprising
considering the government often invests in wind energy.

Table 5

Total Hydropower Energy Consumption Compared with other Independent Variables and
finding the variation the data can account for.
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Source: Data from Electric Power Monthly - U.S. Energy Information Administration (EIA), EIA,
22 Nov. 2023, www.eia.gov/electricity/monthly/.

Note: With total hydroenergy consumption as the dependent variable, the fixed effects model's
findings are shown in Table 5. Temporal- and state-fixed effects are added to the data to reduce
the bias arising from omitted variables and account for variables that fluctuate owing to temporal
conditions. With an R squared of 0.5822, the model accounts for 58.22% of the variance
observed in the dependent variable. At the 5% significance level, the energy consumption, the
number of customers, megawatt-hour sales, average price, political subdivision, federal, and
average earnings variables are all significant. This is expected, as the government is the main
financier of hydropower due to the scale of the construction projects for hydro dams. Real GDP
is not a significant factor, which is important to consider.

Table 6

Total Geothermal Energy Consumption Compared with other Independent Variables and finding
the variation the data can account for.
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Source: Data from Electric Power Monthly - U.S. Energy Information Administration (EIA), EIA,
22 Nov. 2023, www.eia.gov/electricity/monthly/.

Note: Table 6 displays the results of the fixed effects model using total geothermal consumption
as the dependent variable. To account for variables that change due to temporal circumstances
and to lessen the bias resulting from omitted variables, temporal- and state-fixed effects are
added to the data. The model explains 61.55% of the variation seen in the dependent variable,
with an R squared of 0.6155. The only significant variables are Real GDP, political subdivision,
and federal. This is expected, as geothermal is less commonly invested in and financed by the
public sector; wind and solar are often more popular choices. The correlation between
geothermal energy consumption and Real GDP indicates that an increase in Real GDP of
$1,000 is associated with a corresponding decrease in geothermal energy consumption of
0.0101 million BTU.

10



Table 7

Total Biomass Energy Consumption Compared with other Independent Variables and finding the
variation the data can account for.

Source: Data from Electric Power Monthly - U.S. Energy Information Administration (EIA), EIA,
22 Nov. 2023, www.eia.gov/electricity/monthly/.

Note: With total biomass use as the dependent variable, the fixed effects model's findings are
shown in Table 7. State- and temporal-fixed effects are added to the data to reduce the bias
caused by missing variables and account for factors that vary with temporal conditions. With an
R squared of 0.3989, the model accounts for 39.89% of the variance observed in the dependent
variable. Only two variables—Real GDP and Federal—are statistically significant at the 5%
significance level. These results are somewhat expected, as the government mainly funds
biomass operations and biomass investment opportunities are not as easily accessible to public
investors. Thus, it is not as easily financeable as other renewable energy sources like solar and
wind. In addition, biomass energy consumption increases by 0.0741 million BTU for every
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$1,000 rise in Real GDP, according to the link between biomass energy consumption and Real
GDP.

Fig. 1. A map showing the percentage of total renewable energy production in each state from
Kirk, Karin. “Which State Is Winning at Renewable Energy Production? " Yale Climate
Connections.” Yale Climate Connections, 1 May 2023,
yaleclimateconnections.org/2023/02/us-state-with-most-renewable-energy-production/.

Note: This map shows the raw percentage of energy demand fulfilled by renewable energy in
each U.S. state with the range being between 1% and 83%. In this case, brighter colors mean
more renewable energy production and darker colors mean less renewable energy production.
As shown in the map, Eastern states have a significantly lower level of renewable energy in their
energy portfolios when compared with Western states like California, Oregon, and Washington.
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Fig. 2. The energy consumption portfolio of the U.S. in 2022 from “U.S. Energy Information
Administration - EIA - Independent Statistics and Analysis.” U.S. Energy Facts Explained -
Consumption and Production - U.S. Energy Information Administration (EIA), EIA, Apr. 2023,
www.eia.gov/energyexplained/us-energy-facts/.

Note: The table shows that there is a heavy reliance on biomass currently which makes up most
of the renewable energy. However, solar, hydro, and wind are all getting close to the amount of
biomass energy consumed, meaning that biomass is slowly losing relevance. In addition, U.S.
energy needs are mostly covered by petroleum and natural gas meaning that a shift away from
these fuel sources will take a long period.
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Fig. 3. A map of the U.S. displaying the per capita Real GDP by state from Per Capita Real
GDP, by State All Industry Total, 2022, The University of Kansas, 2022,
ipsr.ku.edu/ksdata/ksah/business/percapGDP.pdf.

Note: The map shows that Western states tend to have higher per capita real GDP compared to
the Eastern States, except states like New York, and Massachusetts. In general, the North also
tends to have a higher per capita GDP, as shown by the lighter colors at the bottom of the map
compared to the top.

14



Fig. 4. Global investment into clean energy compared with fossil fuel investment over 8 years,
with light blue being clean energy, and dark blue being fossil fuel energy from “Overview and
Key Findings – World Energy Investment 2023 – Analysis.” IEA, IEA, 2023,
www.iea.org/reports/world-energy-investment-2023/overview-and-key-findings.

Note: This table shows the growing trend of renewable energy investment around the globe,
which also applies to the U.S. It also helps explain the development of cheaper solar, wind and
other renewables. It also signals the growing obscurity of fossil fuels.
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Fig. 5. Global investment into renewable energy by sector in billions of USD from “A Record
$495 Billion Invested in Renewable Energy in 2022.” BloombergNEF, Bloomberg, 2 Feb. 2023,
about.bnef.com/blog/a-record-495-billion-invested-in-renewable-energy-in-2022/.

Note: In most of the table, wind energy has seen heavy investments while solar investments
have increased over time, passing wind in total investments in 2016-2022. By contrast, other
renewable energy sources like biofuels have not been as heavily invested in. This is significant
as it shows that wind and solar are the most popular choices in terms of financing for many
countries around the world.

Financing Solar
Throughout the U.S., there is existing renewable energy infrastructure in many places;

however, the existing infrastructure cannot support full electrification. This also indicates that it
does not provide enough power to support a switch to a fully renewable portfolio. In some
states, less than 10% of their required energy is renewable (see Fig. 1). Other states with more
existing renewable energy production can reach a 100% renewable portfolio more quickly, as
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shown by the Western states where renewable energy makes up near 50% of their energy
portfolio (see Fig. 1).

When taking this into account, it is important to note that some states are more
well-suited to adopt renewable energy. For example, there is a strong positive correlation
between total renewable infrastructure and GDP, meaning that states with a stronger GDP have
a stronger financial base to invest in and better finance renewable energy (see Table. 1). Solar
prices have also dropped significantly since the start of the 21st century: the average solar
system cost $10 per watt in the early 2000s, and has since decreased to $0.1 per kWh [10].
This trend is likely to continue as solar technology improves.

Though solar has a significant influence on renewable energy now, other existing
renewable energy sources are also making a difference in the shift toward more renewable
energy sourcing. The majority of U.S. renewable energy comes from biomass, hydro, wind, and
solar (see Fig. 2). Despite better solar technology, wind, biomass, and hydro still make up more
renewable energy production than solar (see Fig. 2). However, solar has only recently become
more efficient as mass production of solar panels has become more effective and existing
technology has been improved. In the U.S., 46% of all new generating capacity in 2021 came
from solar [11]. Solar is being developed at a rapid rate and investors have been quick to notice
the changes that new solar technology has brought.

According to Table 1, 85.36% of the variation in the variable, Solar energy consumption,
can be explained through the fixed effects model. This means that the Real GDP is heavily
correlated with more solar energy consumption, meaning that the stronger a state’s economy is,
the more consumption of solar energy there will be. Thus, there will be a larger market for
financers of this area. This is also supported by the data shown in Figures 1 and 3, as the states
with a higher GDP tend to invest more in renewables which end up making up more of their
energy portfolio. This isn’t without its exceptions, however, as North Dakota and New York have
a high GDP yet a lower amount of their energy portfolio is made up of renewables (see Figs. 1
and 3).

Another factor that warrants consideration is that a highly educated populace does not
have a significant effect on the amount of solar energy consumption in a given state (see Table
2). This doesn’t fully discount education’s impact on solar energy consumption; however,
educated individuals tend to perceive climate change and other social and environmental issues
as more significant [12]. This means that education may have an impact, but further research is
needed to determine whether there is a true correlation between the two variables.

Solar also has many other factors that need to be considered while investing in solar, as
temperature, sunlight, and weather can affect energy production from a solar panel [13]. From
outside data and this research, it is concludable that financing solar is more effective in higher
GDP states with good weather conditions, and is a technology that is still developing to be more
cost-effective.

Financing Wind
Wind infrastructure is lacking when it comes to meeting all energy demands. However, it

still makes up 29% of U.S. renewable energy production (see Fig. 2). The U.S. government has
also invested $12 billion in capital investment in wind [14], making it the second most invested
renewable energy by the government, with federal solar investment ranking first. With wind
being one of the top substitutes for solar, it is one of the most important renewable energy
sources to consider when financing.
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Wind is currently one of the most cost-effective renewable energy sources with advances
in scientific technology [14]. It is also able to be utilized in urban settings by building wind farms
on the periphery of a city or by integrating a wind energy design into a building [15]. This is
similar to solar and makes it optimal for investment because it is usable in residential and urban
settings.

Due to these factors, wind still carries a majority of the load in the renewable energy
portfolio with 29% of energy consumption coming from wind energy (see Fig. 2). Global energy
investment into wind has also skyrocketed in recent years because of new developing
technology (see fig. 5). This includes the U.S. as they have invested the second most amount,
falling behind China in investment [16].

When financing wind, the previous factors are important, but one important factor
analyzed in this research was Real GDP and its correlation with wind energy consumption. The
data showed, however, that Real GDP is not a significant variable, according to the 5%
significance factor, when tied to wind energy consumption (see Table. 3). This is quite
unexpected because, with a stronger economy, it would seem that there would be heavier
consumption of wind energy due to heavier investment into wind energy. Yet, this is not the case
according to the data shown. This could be explained by how the model accounts for 78.16% of
the variation observed in the dependent variable; however, a stronger explanation would be that
more investment is put into solar, thus meaning that solar is the renewable energy most affected
by Real GDP (see fig. 2).

Fossil fuels also continue to make up a majority of the energy portfolio in the U.S.
meaning that investment is also often put into other energy production sources. An estimated
$20 billion of taxpayer money continues to go into the fossil fuel industry [17]. This means that,
although wind energy is one of the more heavily invested in renewable energies, due to other
sources of existing energy, other renewable energy sources, and new emerging technologies in
other sectors, an increase in GDP is not significant to the increase in consumption of wind
energy in the U.S.

Financing Hydropower
Hydropower has long been used by nations and is still currently one of the main

renewable energy sources for the U.S. It makes up 18% of all renewable energy consumption,
which is less than wind, but still significant (see Fig. 2). Even today, the Biden administration has
continued to finance hydropower projects, with $13 million financed towards development of
hydropower [18].

Hydro is often a more consistent energy source than others because it relies on running
water [19]. It is also longer lasting than other renewables because of the integrity of dams and it
is also much more concentrated, making it easier to distribute [20]. Yet, large-scale projects are
often mainly funded by the government, for instance, the total construction cost for hydro was
around $2.5 billion in 2016 [21]. This means that the amount of finance required to construct
hydro is out of reach for many public investors due to the lack of financial assets required.

Our model accounts for 58.22% of the variation observed in the dependent variable,
which in this case is hydroenergy consumption (see Table. 4). It is also significant that Real
GDP is not a significant factor when it comes to hydroenergy consumption (see Table. 4).
Instead, federal, and political subdivision come out to be significant, which is important because
it shows how government finance in the U.S. is the main driving factor behind the industry. It is
important to note that small-scale hydro can also be invested in by public investors, but the main
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production of hydro energy comes from larger-scale projects. This is represented in the data by
the significance of the variables of federal and political subdivision on the dependent variable.

While hydro continues to be a part of the transition to a fully renewable energy portfolio,
the fact remains that it is also restricted by location and size. Hydropower needs a consistent
water supply and a large amount of land [22]. The investment into hydro is also often long-term,
meaning that public investors have less reason to finance these projects due to the high risk for
returns that may take many years to activate. Thus, hydro may be an important renewable
energy source, but from a financial perspective, it is not one of the most effective renewable
energies to finance.

Financing Biomass and Geothermal
Biomass and Geothermal are often less financed by investors as they are often only used

in niche situations. Geothermal is heavily constricted by location and it is quite expensive to
invest in [23]. On the other hand, biomass is also quite inefficient and can cause emissions if
fuel is not burned effectively [24]. Yet, despite these inefficiencies, they still need to be
considered as they are still actively invested in and still make up a portion of the renewable
energy portfolio in the U.S.

In the U.S. geothermal, has up to $165 million in federal investments [25]. The U.S. is
also the leading global producer of geothermal energy [26] and has invested $1.029 billion in
biomass [27]. This shows that, although these energies are somewhat inefficient, they are still
invested in.

With financing biomass, our model can account for 39.89% of the variation observed in
the dependent variable. There are only two significant variables in the model, Real GDP and
Federal (see table. 6). This means that, currently, biomass is most influenced by the
government and is not as heavily financed by public investors. Biomass energy consumption
also increases by 0.0741 million BTU for every $1,000 rise in Real GDP, according to the link
between biomass energy consumption and Real GDP (see table 6). However, the model only
accounts for around 40% of the variation in the dependent variable, which in this case is
biomass energy consumption meaning that the dependent variable is less correlated with the
independent variables.

Biomass as energy overall has been in use for many years and still makes up 37% of
renewable energy (see fig. 2). Yet, it is not entirely clean and is not financed through public
means. It is often financed by government streams according to our data, as there are only two
significant independent variables. However, biomass is also cheap and easy to use, and it has
been used in the past as the main source of energy [28]. Biomass cannot be discounted as an
important renewable energy to shift into, however, looking at it from a financial perspective, it is
not the most efficient renewable energy source to invest in, in the modern world.

Financing geothermal energy is an entirely different matter. Our model explains 61.55%
of the variation seen in the dependent variable, and there are only three significant variables
within our data:
Real GDP, political subdivision, and federal. This shows that a rise of $1,000 in Real GDP is
associated with a corresponding decrease in geothermal energy consumption of -0.0101 million
BTU (see Table. 5). It also means that the government is more involved in the financing of
geothermal energy as well as indicated by the significance of the variables federal, and political
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subdivision (see table. 5). The fact that the more GDP increases, the less geothermal energy is
consumed implies that financing geothermal in the U.S. is not extremely cost-effective.

This can be explained by the geographical limitations of geothermal as well as the limiting
factor of construction. Geothermal is heavily limited by location as it relies on places with
volcanoes, hot springs, and geysers [29]. This means that this technology cannot be readily
integrated into urban settings and is not as easily accessible to public financing. Despite the
difficulty of financing geothermal, the government still invests money into the technology, albeit
significantly less than solar and wind. It also still makes up 1.6% of renewable energy
consumption in the U.S. Overall, geothermal has also been used around the world for 80 years
and will still be part of the process of transitioning to all renewable energies [30].

Conclusion

After doing research and data gathering, we have drawn multiple conclusions from the
research. One main finding would be that extensive education does not affect energy
consumption, meaning that a populace with a bachelor's degree does not necessarily account
for more renewable energy investment. Another major finding would be that wind and solar are
the top contenders for public finance as they are the most easily accessible technologies. In
addition, they are also able to be used in urban environments, making them more accessible to
the general public. Furthermore, solar energy consumption is heavily correlated with Real GDP
meaning that richer states often have more solar energy consumption, meaning that there
should be more emphasis put on financing solar energy. Wind energy does not do the same, yet
it is still the second most invested in renewable energy today in the modern world. Other
renewable energies such as hydro, biomass, and geothermal on the other hand are more
influenced by federal financing and are not as easily publicly financible. Although the U.S.
government continues to invest in these technologies, it is still significantly less financed than
other renewable energies such as wind and solar. With solar and wind technology developing at
such a rapid rate, prices for wind and solar will inevitably decrease with time. Overall, the
research done has brought forth some surprising and some expected outcomes, and it has
shown that financing solar and wind is the most effective way to transition into renewable
energies in the future in the U.S., and many countries around the world have already started in
this shift.
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