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Abstract

As concerns of environmental distress and energy security continue to be key components of the
political discourse, renewable energy becomes a more attractive solution for the replacement of
fossil fuels and it will become increasingly important to understand the ways that federal funding
and policy can effect change in this area. This paper examines the partisan aspects of federal
research and development funding for energy as well as the impacts of this funding on utilization of
renewable energy during the period from 1961 through 2007. It achieves this by using a statistical
approach to answer the questions of 1) whether the party of the President is significantly correlated
with the amount or research and development funding provided and 2) whether public funding for
energy research and development drives utilization of renewable energy in public and private
energy markets. Two primary conclusions are reached: 1) A partisan component exists for energy
R&D funding where Democratic Presidents have budgeted significantly more money for research
than Republican Presidents and 2) There is a correlation between energy R&D spending and
utilization of renewable energy, but the strength of the correlation and the true causal mechanism
requires more granular data to understand.




Introduction

As a complete system, factors related to energy usage in the industrialized world, and the
United States in particular, construct an extremely complex system due to the turbulent history of
energy and pervasiveness into all levels of society. Energy is the resource by which we obtain all
other resources, so to say it is important and entrenched is an understatement. The complexity of
the situation is further exacerbated by the power dynamic of energy generation and distribution. It
is a public necessity run almost entirely by for-profit corporations affected by their own set of
financial and resource-related motivations apart from the myriad public concerns and disciplines
that must be considered in any energy decision. Public health, environmental justice, international
relations, domestic planning, and more all have multiple, massive stakes in how these decisions are
made both by the energy utilities themselves and by the government programs that oversee and
regulate them.

Ignoring for a moment the environmental repercussions of poor energy policy, the
international security implications are staggeringdue t o ener gy’ s pl ace
economy and society and the fiscal and governmental impacts of sending money to specific, often
hostile, foreign states. As energy conflict is a subset of the more general international resource
conflicts, wars at least partly based on security of energy supplies are not uncommon. The United
States has already depleted a large portion of its fossil fuel reserves, so few options are available to
prevent security issues and conflicts related to energy supply and security. One of these is to
convert supplies of more abundant fossil fuels, such as coal, to other forms of energy in order to
utilize them where needed. Primary examples of this are coal-to-liquids programs and oil shales
which the United States has in abundance and which become financially viable with research and

rising costs of oil.
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Simpler solutions exist though, particularly when environmental implications are taken into
account. Recent reports are showing that the United States has domestic capacity from renewable
energy to power the country many times over, even when taking into account future growth
(Global Insight 2008). However, installation of renewable energy systems is stalled by the high cost
of many renewable energy systems relative to fossil fuels and inefficiencies of younger
technologies. How then, can we move toward making these technologies viable in the marketplace
in order to secure energy security for the United States and environmental quality for the planet?
One contentious piece of this puzzle is the extent to which government should get involved
in the methods used by utilities to generate power. In the past, government has been extremely
involved in energy research and development, but it can vary widely with respect to the ideology of
the administration in power (Romm 2008). Since President Truman signed the bill that brought us
the Atomic Energy Commission out of the Manhattan Project, the government has had some hand
in energy research (US Department of Energy 2008). When energy prices skyrocketed in the 1970s
due to the Arab Oil Embargo, President Carter later responded by initiating new programs for
alternative energy research in the United States, with an understanding of the short term costs and
the | ong term effects of such a program. Presid
programs, however, and the programs were severely cut when he took office. As noted by Joe
Romm of the Center for Ameri can P-billogdolarziean “ Reag
energy and energy efficiency effort. He opposed and then rolled back fuel economy standards.
Reaganturnedallsuc h ..strategies into ‘I|liberal?’ policies
conser (Rantn 008k "
Three decades after Carter’s proposition of

are consuming more of itthanever,i n part due to the fairly widespl




regarding energy research. The alternative energy industry has moved forward regardless, helped
along by a combination of state policies encouraging efficiency and renewable energy such as
decoupling (the process of removing the incentive for energy companies to sell more power) and
Renewable Portfolio Standards (requirements on utilities that specify how much of their energy
portfolio must be renewable energy), and some of the same venture capital companies (VCs) that
have funded the dot-com booms (Wald 2007). While these programs may have dampened the
impacts of problems related to energy supply, the country as a whole is in a much worse position
with respect to climate change and energy security than it was in the 1970s due to population
growth and the inability of these measures to completely address the problems.

New voices have arisen in the debate over federal energy research and development
funding, most noticeably from the Left in a backlash on current policies but also from the Right.
Groups such as The Apollo Alliance and Green For All advocate for greatly expanded hundred-billion
dollar (or more) programs to jump start the alternative energy community. Using detailed analysis
of the ability to impact multiple sectors of the economy alongside evidence from previous large-
scale federal programs, they contend that federal investment is the ticket to energy security of all
types.

The Federal Government can fund this research through two principle mechanisms. The primary
method of driving research comes through research and development funding and grants for
agencies, institutions and companies. The alternative mechanism is to mandate a new standard or
the implementation of a new system, provide funding (ideally), and then give implementation
contracts to the industries involved. In this situation, the research will be driven by these contracts
for implementation because companies that desire a contract will, where necessary, develop the

technology necessary to obtain the contract (Lynch 2008).



Therefore, this paper seeks to answer the question of whether it is effective for the Federal
Government to provide funding for energy research and development in order to inform decisions
regarding whether this funding is best left at the federal level or in private sector. While the amount
of data collected lent itself to many potential analyses, two particularly interesting hypotheses
emerged from analysis of the data.
1. The party of the president is significantly correlated with the amount of energy research and
development funding that is appropriated. In particular, Democratic Presidents spent more
or energy research and development than Republican Presidents
2. Federal funding for energy research and development will drive utilization of renewable
energy resources in public and private energy markets
Understanding these two questions wil/ hel p i
energy portfolio and how to achieve the desired changes. As Jane Lubchenco, board member of the
American Association of the Advancement of Science (the organization behind the journal Sciencg
argues in Entering the Century of tenvironment: A New Socfabntract for Sciengé s ci ent i f i ¢
knowledge is urgently needed to provide the understanding for individuals and institutions to make
i nformed policy and management decisions and to

(Lubchenco 1998)

Literature Review

Scientific Literature

Review of the scientific literature did not return significant amounts of relevant discussion
on federal funding for energy research except one particular article from the journals Scienceand
Energy Patlythat gives two key conclusions from strong data. For the most part, other articles

discussing energy policy are either extremely out of date or are hardly relevant to this particular




discussion of federal energy policy. Much of the relevant information concerns efficiency research,
which is only part of what the discussion here and would be more useful in a discussion of the
potential causal and confounding variables in this research.

However, in Underinvestment: The Energy Technology and R&D PolitgrgjesRobert M.
Margolis and Daniel M. Kammen detail two conclusions important to the direction of this paper and
future research concerning potential causal mechanisms. First, energy technology funding levels
from all industrialized governments declined significantly between 1980 and 1995 (Margolis and
Kammen 1999, p690)The preliminary findings of this paper suggest that, at least within the United
States, this trend of decline can be extended even further to 2007.

Their second conclusion is just as important and is extremely helpful as a potential causal
mechanism and as an intervening variable. They discover that, at least through 1995, the energy
sector was doing very little to compensate for the lack of funding coming from the Federal
Government, soO r esear ccltbacksanenergytR&Dagra likdlyitomeguceahe d
capacity of t he e rMargdisyand&aenmen D999, p690). ThHesr corxlusiarts e ”

will help set the foundation for portions of this paper.

Government Publications

One of the larger bodies of information on energy research and development comes from
Congressional hearings and government reports. Many of these reports are heavily oriented toward
increasing efficiency as a means toward energy security (House of Representatives: Committee on
Science: Subcomittee on Energy 2004). In these hearings, the government recognizes the obvious
economic and security benefits of a domestic energy supply as the questions are heavily geared
toward using efficiency and renewable energy as a means to these ends. For example, the following

is a question that was asked of an executive at DuPont. HoW can efficiency improvements and the
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use of renewable energy throughout the economy affect natural gas pricesinthe U.S.?”  Whi | e
energy research and development was mentioned in these hearings, it was mostly only for
efficiency research rather than for broad spectrum research into new technologies to put on the
market.
Aside from Congressional hearings, government data plays an extremely important role in
this paper with large amounts of informationcomi ng fr om t he Depart ment of
Energy Information Administration (EIA), the Bureau of Economic Analysis (BEA), and the White
House. The EIA in particular conducts regular reviews of the overall energy portfolio of the United

States and issues large reports containing significant amounts of data and analysis.

Advocacy Organization Publications

A large body of semi-speculative evidence exists that suggests a significant investment in
specific sectors of the economy will bolster or drive development in a significant portion of the
economy while also pushing renewable energy into further utilization. Analysis pieces from
progressive organizations such as the Center for American Progress, The Apollo Alliance, and Green
For All utilize economic models to show that with specific investments, the portions of the economy
related to renewable energy and the environment will benefit over time (Lynch 2008, Clean Energy
Corps Working Group 2008, Pollin, et al. 2008). Advocacy organizations such as The We Campaign,
Al Gore’ s climate group, then take these model s
their arguments for clean energy (The We Campaign 2008). As a system, these organizations have
created a web of rapid response modeling and results advocacy in order to obtain changes in

federal policy but also to generate federal funding for renewable energy.




I n fact, i1 f it weren’t for tidnewenthaughehat i al f or
modeling is reputable, these papers and positions would be excellent foundational material for a
study such as this one. The speculative nature of models gives good information and background
while also providing cause for retrospective, longitudinal research to help determine if the results of
a model are reasonable. Even so, they provide good reason to evaluate their claims while also

necessitating caution in their findings.

Methodology

Given the extreme difficulty in getting such a breakdown from the government in a single
quarter, this data is not broken down by type of funding and is instead grouped into research and

development funding as a whole as this data was obtainable back to 1961. This data has been the

“l'imiting factor” and so, except where otherwis
Primary Variables

this paper reflects the date range 1961 through 2007 Percent of energy from
renewables (Dependent)

because all variables could be obtained for those years. Federal energy R&D spending
(Independent)

Additionally, for the purposes of this analysis, President’s par

hydropower is included in the numbers for renewables Other Variables Examined but noi

Tested (for future research)
Congress Control

GDP

Federal Deficit

Energy Research Spending as a
Percent of Federal Outlays
Residential Electricity Cost
Energy-related Carbon Emissions
Percent of energy from fossil fuels
and nuclear

in order to more accurately reflect technologies in each
year and because the Energy Information Administration
considers hydropower as a renewable energy source in
their breakdowns, despite a lack of consensus on the

issue.

In order to establish more significant time-based
correlations, this study focuses on the longitudinal aspects of funding and renewable energy

utilization. To achieve this, all data was gathered and aggregated into a database with data indexed




by year in order to run queries and limit the data set when necessary. In many cases, this data set
was imported into excel where graphs and statistical analyses were run. In particular, Presidents
were summarized by party then plugged into 1-tailed and 2-tailed t tests at p values of .1, .05, and
.01 in order to assess the significance of correlation. As an experimental second test on this data,
the years comprising the spike in funding during the price shocks were removed and the tests run
again in order to see if the conclusions still hold.

For the second hypothesis, data analysis was done via two means: visual comparison and an
adjusted statistical correlation. The reason for the dual and adjusted comparison is that the time
lags in the data make meaningful statistical comparison of the variable into gibberish. For the
adjusted comparison, the data for renewable energy consumption was shifted back by four years to
very closely align the lows and highs in energy R&D spending and renewable consumption. After
adjustment, the low points in the 1970s were aligned exactly and the high point in the early 1980s
was off by one year in a dataset with a granularity of one year.

After adjustment by time, a magnitude adjustment was made by dividing all values in both
datasets by the dataset’s | owest value to
multiples of the lowest value, which was now 1 in each case. The two variables were then linearly

regressed to check for correlation.

Data and Findings

The first adjustment made to the energy R&D data was to convert it to real dollars since the
amounts obtained from the National Science Foundation (NSF) were in nominal dollars (which have
been used in some graphs in this paper). Data for the real and nominal GDP for years dating back to
before 1961 was obtained and used to deflate the nominal funding data to real 2000 dollars. While

some of the graphs use the nominal data, all analysis in this paper is done in real 2000 dollars.
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The Significance of Partisanship

In this paper, the background information, literature review, and the general political
climate make it clear that energy is a divisive, and often partisan, issue. However, the question still
remains of whether the party of the President has any correlation to the amount of research and

development funding that occurs during
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R&D funding into the budget. However, statistical analysis can give a slightly better picture.

Over the period from 1961 to 2007, Democratic budgets included an average of
$3,154,948,428.05 for energy R&D while Republican budgets included $2,709,102,235.65. Given
these numbers, in a 1-tailed t test at the .05 level, Republican spending is significantly less than
Democratic spending with P =.038. In a two tailed t test, the funding levels are slightly less
significant, but remain significantly different at the .1 level with P =.077. What this indicates is that
in a purely chance scenario, it is rather unlikely that the two parties would be this different, forcing
consideration of other factors or connections regarding the drivers of these differences. While
these differences are not particularly strong, they do clearly indicate a difference and help us to

better understand the true differences between the two parties with respect to energy R&D.




The graph of spending by presidential party affiliation begs one very obvious question
though: What happened at the end of the 1970s that caused both parties to dramatically increase
spending? Gerald Ford roughly doubl ed Richard N
percent more funding to that before Ronald Reagan came in and implemented a steady, though not

entirely abrupt, decrease in funding. A fairly safe explanation for this spike is that it is a response to

the price shocks of the 1970s oil embargo. Ford
values between him and Richard Nixon, butJimmyCar t er ' s spi ke i s not Il i kel
di fferent values. Though the |l arge gaps bet ween

funding as simply being in a different time from the other Democrats, it is so far above the
Democratic average that this is not likely to be a better explanation than the oil shocks.
Additionally, before increasing the funding, President Carter gave speeches referencing the energy
security of the United States and specifically referenced environmental ideals (Cohen 2008, Romm

2008).

The Possible Insignificance of Partisanship

Though the graph and statistics paint a fairly clear picture of significance for us, if a very
small set of changes is made to the data, the significance of party affiliation disappears almost
entirely. Specifically, if you remove the data for 1975 through 1982, which is the approximate time
it took for the United States to respond to the price shocks with increased funding and then reduce
it again under Ronald Reagan, the averages become almost equal, with Republicans only slightly
outpacing Democrats for energy R&D funding level. The difference between the two becomes
completely insignificant from a statistical standpoint with a P value of .5 —essentially random. While

it is more risky to make conclusions based upon this data, it is possible to conjecture that in the




absence of the Arab Oil Embargo and the related events there might have been no difference
bet ween the parties’ R&D spending.

There is another catch in all of this information though, and that is that the data for
research budgets utilizedhere i s not broken down by project. 1In
funding possibly could have gone entirely toward fossil fuels research while in another year it all
could have gone to renewable energy. Given the generally understood partisan divide on where
energy funding should go, this is a potentially significant gap in our understanding. This situation
dramatically reduces the value of these conclusions because while it could be concluded that there
is no difference when the funding levels are the same, they could be funding very different projects,
thus creating a difference. It would be expected that more granular data would add further support
to the existence of a significant difference between the two parties, but more data and research are
needed.

Given the data that is available and used here, partisanship appears to have a relatively
minor correlation with energy R&D funding, depending on whether data from the years following
the price shocks is included. Better data would help provide a deeper understanding of the true

di fference between the two parties’ R&D funding

The Effects of Research and Development

The first and most important conclusion that can be made from the data is that, as a
percentage, renewable energy usage has not changed significantly over the 47 years from 1961 to
2007. The variation in the data appears to be minimal, with the minimum and maximum only
involving a difference of three percent renewables utilization, composing a 50% increase in overall
renewable consumption. Additionally, the first data point is 6.45 percent of energy from

renewables in 1961 while the last data point in 2007 is 6.72 percent. In light of both of these




observations, a fairly safe assumption would be that this number is not varying significantly over
time. As a result, the first lesson from this data is that, over large time-spans, installation of
renewable energy is not increasing on a meaningful lewvethe United StatesEven in the face of
this conclusion, this situation may already be changing due to climate change awareness and
complementary policies such as Renewable Portfolio Standards, which are mostly too recent to be
reflected in the data.

The implications of this lack of variation are that the data set loses much of its potential
utility. While it can be useful for some portions to vary while others are constant, the large
proportion of this dataset that is effectively constant means that we can make fewer conclusions
about the data. However, the section of the data from 1977 to 1983 and the times near those dates
do still give us a window to study where we can gain insight into the effectiveness of funding in
driving renewable energy research.

The most important thing to note about this graph is the time between 1977 and 1983.
1977 is the year with the lowest percentage of renewables in use at 5.443 percent of energy
generation, most of which is hydroelectric. The highest point comes in 1983 at 8.983 percent of
energy generated, just after all of the energy research and development funding ended as denoted
by the blue line on the graph. The period between this low and this high is composed of only

increases in utilization —there are no valleys —it is a very clear trending from the lowest to highest.
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Regression Test

As stated in the methodology, a linear regression was performed on these two variables
after the data was adjusted to align the dates of the spikes and to make all values into multiples of
the lowest value (and thus unitless). The result of the regression was an adjusted r square of .518,
telling us that while some correlation does exist, it is not an extremely strong correlation. This is
particularly interesting because it confirms what is seen by visually interpreting the graph of the
data: there is some correlation, but is not perfect and has some minor inconsistencies.

The importance of this minor correlation is that it can help direct future research. It is still
possible that with more refined data that includes a breakdown of the funding by type of project
being researched a stronger correlation could be drawn between renewable energy utilization and
certain aspects of research and development funding. At this point, it would be a mistake to make
concrete conclusions, but a link should not be ruled out given the adjusted r square value and the
visual links presented here.

Explanations and Potential Causal Mechanisms

The principle causal mechanism we can use comes from the data presented in Margolis and
Kammen (1998), the paper that correlates research and development funding with the number of
patent applications submitted. If patent applications are used as a proxy for technological
development, then they can be used as a causal mechanism for research and development funding
to affect renewable energy utilization. The potential issue with this is that no research was found
documenting the translation of patent applications or technology to actual utilization of
renewables, which may be a necessary connection given market barriers such as price and initial
infrastructure related to implementation of renewable energy. However, while these problems may

affect short-term implementation of renewable energy systems, when enough technological



development occurs, it is likely a reasonable assumption to ignore those effects and consider
technological development to be a causal mechanism.

Another potential mechanism is the creation of market stability. In interviews, both Mac
Lynch of the Apollo Alliance and Sandy McKenzie, an expert in public and private investment, talked
about the stabilization effects of federal funding that occur in most sectors due to the removal of
some of the uncertainty of developing or implementing technologies (Lynch 2008, Mackenzie 2008).
Applied to energy research and development, it could mean that the mere existence of federal
funding will have some effect because it will spur the private sector to feel safe in doing what was
previously risky.

Confounding Factors

The delay between the research and development funding and the peak in renewable
energy usage is expected since it would take time to realize the benefits of any R&D program.
Despite this expected delay and the visual correlation, it may not be the R&D itself that is causing
the observed increase in usage of renewables since policies that encourage research and
development are often instituted alongside subsidies or Renewable Portfolio Standards which will
require or incentivize the usage of the technology even in the absence of research and
development benefits. These complementary policies are more than likely involved here as well,
and separating out the causes of the spike is difficult, if not impossible.

From the data on the breakdown of renewable energy, it is evident that the major increase
in renewable energy utilization comes from a significant installation of biomass generation facilities.
Biomass began increasing in part due to purchasing agreements for renewables required by states
like California in response to oil scarcity at the time and possibly was bolstered further by the lack of

available sites for new hydropower (hydropower is almost entirely maxed out capacity-wise, with



only one river of significant capacity in the state of California remaining undammed). This
alternative explanation for the increase suggests that it may be possible that the observed increase
in renewable energy usage was driven by factors other than research and development.

Though it is difficult to separate out the causes, we can show that in the absence of real
changes in federal funding, policies can cause changes in installations of renewable energy. In 2007,
30 percent of energy installations by output in the United States were windmills, but the previous
year was significantly less, most likely because a significant federal subsidy for wind energy had
expired and not been renewed. While the private sector activity has increased greatly in this area
since the 1970s and 1980s so new variables are at play, it is unlikely that private sector variation
had a significant enough impact to explain such an increase. As a result, the conclusion can be
drawn in this situation that federal policy such as subsidies can have significant effects on
installation of renewable power facilities even in the absence of research funding. This situation is
further illustrated by the data showing that wind energy increased rapidly in 2007 despite the levels
of funding from the current administration are the lowest average for energy R&D of all the
administrations studied.

If these policy lessons are applied back to the spike in installations between 1977 and 1983,
it can be seen that while the funding for R&D may have been a primary driver for renewable energy

installation, other factors such as complementary policies are also possible drivers.

Conclusions
Mul tiple findings result from this study. Th

with the amount of research and development funding for energy that will be budgeted. However,
this correlation may be heavily related to the circumstances surrounding the funding spikes of the

late 1970s and early 1980s and essentially disappears if we ignore those data points, making this




correlation potentially tenuous. Additionally, due to deviation from the normal curve in the dataset,
the validity and generalizability of these results becomes uncertain.

The other conclusion, and direction for future research, is the somewhat uncertain evidence
that when R&D funding rises, so does utilization of renewable energy. With the adjusted R square
of .518, it cannot be stated that a strong correlation exists between energy research and
development funding and utilization of renewable energy. However, other factors intervene here.
The first is that this is already an adjusted dataset (as described in the methodology) and is shifted
to what is believed to best remove time lags in the data. Adding further uncertainty is the presence
of confounding variables such as complementary policies which have effects of uncertain types and
magnitudes. In spite of these extra problems, a value of .518 likely warrants further study with a
more detailed dataset. With more specific data, stronger conclusions could potentially be made
regarding the depth of the correlation and potential causal mechanisms for the increase in

renewable usage, but with the limited data available for this study, this is not possible.

Further Research

This paper leaves plenty of room for future research due to the limitations of the data. If
more granular data could be obtained then much more could be gained from the findings. While
the Department of Energy has stated that they do not have this data, it is possible that it exists in
some form at the National Science Foundation and could be obtained under the Freedom of
Information Act for the costs of gathering it all together, or for free if the paper is likely to be
published.

Another possible direction is to attempt to establish a stronger understanding of potential
causal mechanisms for research and development funding to drive renewable energy utilization.

While it is now known that research funding is correlated with patent applications, establishing the



link between patents and usage of new technologies would aid in making conclusions on causation
and not just correlation.

Finally, a number of other data sets were collected for this paper that were not used due to
limits on the scope of the paper (listed in the box in Methodology). Exploration of these variables
could lead to new and useful patterns and connections that may otherwise be overlooked. Once the
more specific data for research and development funding is obtained, much more could potentially

be analyzed in order to gain a more complete picture.
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