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Abstract 

Nuclear energy enjoyed widespread support in the United States during its initial decades 

and has seen extensive study as a potential means of combating contemporary energy issues such 

as climate change and alternative transportation fuels. Despite the potential contribution to 

solving these challenges, the industry has been largely stagnant since the 1970s. Common policy 

interpretations for this decline focus on stricter regulations brought about by the environmentalist 

movement that emerged from the 1960s and public safety concerns following incidents at Three 

Mile Island, Chernobyl, and Fukushima. This study explores an alternate explanation using an 

adaptation of the Multi-Level Perspective to demonstrate that the macro-level landscape plays a 

critical role in transitioning energy technologies from developmental niches into the socio-

technical regime. Given the constrained nature of the current electricity market in the United 

States, government support for clean energy technologies may be warranted to help them achieve 

stable commercialization, similar to the support government historically provided for fossil fuels 

and nuclear. Diversity in the development of energy resources will be critical to balance the 

risks, costs, and limitations of any one technology and avoid lock-in. This means there is a role 

for a variety of energy resources in the portfolio of potential solutions. Technology transitions 

take decades to occur, and while policy actors have their preferences, moving to a single source 

of electricity is both unrealistic and infeasible for a host of economic and technical reasons.  
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1 INTRODUCTION 

In the early 1950’s the United States government actively promoted nuclear energy as a 

source of cheap, clean and plentiful energy for civilian use. Atomic power represented the 

vanguard of science and technology that would transform the future. By the 1970s Our Friend 

the Atom (the title of a 1950’s era Disney movie) that promised so much to so many had been 

recast as a dark, sinister threat to the entire world. The once impenetrable American nuclear 

policy network that operated with supremacy for nearly three decades had unraveled, and the end 

of the Atomic Age appeared to be in sight. 

 
Picture 1. The cover of Our Friend the Atom, published by Walt Disney. Public perceptions of nuclear energy were 
optimistic in the 1950s, as this book demonstrates (Credit: Haber, Our Friend the Atom, 1956). 
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Picture 2. An illustration from Our Friend the Atom, depending a positive utopic vision of a future with nuclear 
energy. Later perceptions of nuclear energy have trended towards apocalyptic, as in the Mad Max series movies and 
Fallout series video games (Credit: Haber, Untitled, 1956). 

 

Picture 3. A protest against nuclear energy and in favor of solar power following the Three Mile Island Incident 
(Credit: Untitled, 1979). 
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Understanding what happened to America’s nuclear energy industry is not as simple as 

many people believe. A limited number of studies have used the Institutional Analysis and 

Development Framework, Punctuated Equilibrium Theory, Advocacy Coalition Framework, and 

Narrative Policy Framework to assess the role information, image, public opinion, and beliefs 

have had in shaping the technical and political considerations that have impacted nuclear energy 

policy. Examining these studies can help identify possible pitfalls and approaches to guide 

energy development efforts to meet future demand while balancing economic, environmental, 

and security concerns, but they lack true predictive power. These studies examined specific 

regulatory changes, increased congressional oversight, shifting energy economics and vocal 

public opinion with regard to nuclear energy (Baumgartner and Jones 1991, 1046). By looking 

only at a specific event in isolation in hopes of pinning the fall of nuclear power on a moment in 

time, individual incidents/conditions related to safety, security, the environment, and cost are 

overvalued and we fail to make the connections needed to craft effective policy. 

Taking a broader view of the nuclear energy situation using the Multi-Level Perspective, 

allows us to assess how American nuclear efforts evolved over time. The conclusions reached in 

this study have implications not only for the future of energy production regardless of source, but 

also for our ability to power a planet that will need more energy over the next century than has 

been produced from the dawn of civilization up to now. Humanity faces this daunting challenge 

at a time when the global reserves of natural gas, petroleum and coal are dwindling (see Charts 1, 

2, and 3). The results of applying the Multi-Level Perspective to nuclear power make it possible 

to create a working model for more effective energy choices. As the world races toward a 

population of ten billion, the prospects that there will be enough food, water and energy grow 

ever-dimmer. As if this dire situation were not challenging enough, the chances of successfully 
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confronting these concerns are compounded by the threat of global climate change and an 

increasing demand for electricity (see Figures 1, 2, 3, and 4). 

 
Figure 1. The world’s energy sources are decreasing at an exponential rate (Credit: Hughes 2012). 
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Figure 2. The demand for energy is rapidly growing in countries such as China and India (Credit: Hughes 2012). 

 

Figure 3. World greenhouse gas emissions continue to increase in line with energy growth (Credit: Hughes 2012).	
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Figure 4. Projected increases in total world electricity consumption by fuel source (Credit: Hughes 2012).  
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2 LITERATURE REVIEW 

Several studies have attempted to explain the rise and fall of the nuclear power industry 

in the United States using the Institutional Analysis and Development Framework, Punctuated 

Equilibrium Theory, Advocacy Coalition Framework, and Narrative Policy Framework 

approaches. They have typically focused on a small snapshot of the overall electricity landscape, 

explaining the collapse of nuclear energy as resulting from causes as varied as the collapse of 

information monopolies surrounding nuclear power (Rough 2011; Baumgartner and Jones 1991), 

greater public involvement in nuclear decision making (Rough 2011; Baumgartner and Jones 

1991; Hsu 2005), escalating costs for nuclear energy (Baumgartner and Jones 1991), economic 

and utility difficulties and reduced demand as a result of the energy crises (Baumgartner and 

Jones 1991), expensive regulations on nuclear energy (Baumgartner and Jones 1991), the 

aftermath of the Three Mile Island Incident (Nohrstedt 2008; Shanahan, Jones, and McBeth 

2011), and public and environmental concerns (Hsu 2005). The following is a brief literature 

review of some of the findings from these studies.  
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2.1 THE INSTITUTIONAL ANALYSIS AND DEVELOPMENT FRAMEWORK 
 

The Institutional Analysis and Development Framework focuses on institutions, defined 

by Ostrom as “shared concepts used by humans in repetitive situations organized by rules, 

norms, and strategies” (Ostrom 2007, 23). The Framework is careful to distinguish between 

rules-in-form, or formal rules, and rules-in-use, the operational rules used in an everyday context 

that may be unwritten and in some cases even contradict formal rules (Ostrom 2007, 23). The 

Institutional Analysis and Development Framework starts with an action area, which consists of: 

1) participants, 2) positions, 3) outcomes, 4) action-outcome linkages, 5) participant control, 6) 

information, and 7) costs and benefits for outcomes (Ostrom 2007, 28). Actors are modelled in 

situations according to their: 1) resources, 2) values, 3) knowledge, and 4) selection processes 

(Ostrom 2007, 28). An action situation is a specific process that explains human actions and 

results, and its variables are almost identical to those used in describing action areas (Ostrom 

2007, 29). 

2.1.1 Institutional Analysis and Development: The Power of Information 
 

The Institutional Analysis and Development Framework makes a useful contribution to 

the understanding of American public hearings on nuclear power through the concept of the 

“Action Arena.” The action arena of public hearings had little real impact on nuclear power plant 

construction in the United States where public involvement typically did little more than delay 

plant construction. Interestingly, the nuclear policy action arenas in the United Kingdom and 

United States were very similar with respect to resources, values, knowledge, and site selection 

processes. Close inspection reveals significant similarities in the approaches followed by the two 
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nations, thus it can be argued that high-level analysis of one provides insights into functions of 

the other. 

In the early days of nuclear power in the United Kingdom there was little concern 

regarding safety at the national level (Rough 2011, 34). The British nuclear program was seen as 

a clean alternative to dwindling coal supplies, a means of reducing foreign energy dependence, 

and a way to improve the British economy (Rough 2011, 31). Faith in science and technology 

was at historically high levels, and the United Kingdom’s nuclear program was a point of 

national pride (Rough 2011, 31). One of the key takeaways from Rough’s Institutional Analysis 

and Development Framework assessment of the early United Kingdom nuclear power policy 

monopoly is the power of information asymmetry, which allowed heavily pro-nuclear 

government agencies to successfully guide the policy agenda in a narrow action arena with 

almost zero resistance. A similar set of circumstances existed in the United States nuclear policy 

arena.  

Rough examined seven nuclear reactor licensing inquires held in the United Kingdom 

between 1955 and 1961. The seven hearings covered in the paper were the sole forums for 

nuclear debate during the period, making them of particular interest in gauging both public and 

government views at the birth nuclear power (Rough 2011, 25). Rough argues that inquiries may 

play a role in allowing the public to “blow off steam” and legitimize government decisions 

(Rough 2011, 24). Throughout the 1950s and 1960s, the United Kingdom Atomic Energy 

Authority engaged in boundary control, attacked the scientific credibility of opponents and 

fostered an information monopoly through secrecy (Rough 2011, 38). 

Nuclear inquiries were limited policy arenas, as many matters pertaining to policy were 

not made public (Rough 2011, 37). Early siting hearings were primarily local affairs that 
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attracted little national media interest or coordination among national level anti-nuclear groups 

(Rough 2011, 39). Despite the fact that every single hearing resulted in approval, they were 

classified for decades under the Official Secrets Act (Rough 2011, 31). The lack of transparency 

demonstrated by the Central Electricity Authority, Parliament, and the United Kingdom Atomic 

Energy Authority in the way they handled the siting process created suspicion among residents 

of Bradwell who attended the 1956 inquiry. The lack of information and the cloak of secrecy 

caused people impacted by these decisions to grow increasingly concerned about accountability 

(Rough 2011, 35). Residents questioned why the government wanted to build the plant near 

them—rather than in London for example—since the agency’s Nuclear White Paper said nuclear 

power was inherently safe but would not be built near heavily populated areas (Rough 2011, 35). 

If it was safe, why preclude building nuclear plants in heavy urban areas? A further example of 

limited policy arena can be seen in the 1957 Hunterson inquiry—held under Scottish law—

which gave officials conducting the inquiry the power to summon witnesses and compel 

submission of documents (Rough 2011, 36). When a request was made for documents pertaining 

to the Hunterson siting, the response from the United Kingdom Atomic Energy Authority was 

stifling and came in the form of a ministerial certificate declaring it was not in the national 

interest to release the information (Rough 2011, 36). Sir Edwin Plowden, Chairman of the 

United Kingdom Atomic Energy Authority, stated the public was simply not prepared to discuss 

such highly technical siting issues (Rough 2011, 36). By limiting public involvement, the 

government ensured decisions took place among a small group of policy elites, and that 

changes—if any—could be favorably managed (Rough 2011, 28). From 1962 to 1970, the 

United Kingdom eliminated siting inquires and simply built eight nuclear power plants in areas 
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where nuclear power had high political support (Rough 2011, 40). When inquiries resumed, the 

situation had changed dramatically. 

2.1.2 Institutional Analysis and Development: Theory/Analysis 
 

It is interesting to note some key similarities in the institutional approaches shared by the 

United Kingdom and United States nuclear agencies. Both had the ability to control the flow of 

information to the public and both used national security as a justification to do so. Both 

restricted information access using classification methods (in the United Kingdom under the 

Official Secrets Act, in the United States under executive branch standards and the “born secret” 

principle). The differences were slight. For example, the United Kingdom approach to nuclear 

licensing hearings was distinct in that hearings were held at the discretion of the minister charged 

with implementing the law. Hearings were publically held in the United States, but under the 

1954 amendments to the McMahon Act, the United States Atomic Energy Commission could no 

longer construct or operate commercial nuclear reactors and was restricted to regulatory, 

research and promotion efforts. In that regard, the United Kingdom Atomic Energy Authority 

was far more powerful than its United States counterpart. It regulated the nuclear power industry, 

conducted research and was in charge of the siting, construction, ownership, and operation of all 

civilian nuclear reactors in the United Kingdom. It is interesting to note that the similarities in 

the rules, norms, strategies, structure and operations later led to similar breakdowns of both 

subsystems. 

Prior to the 1970s, nuclear energy had been a local issue, but it later rose to national 

prominence in the United Kingdom and United States. The shift was largely due to 

environmental and anti-nuclear activists that rallied to protest nuclear energy, challenge the 

secretive nature of nuclear power decisions and vie for media attention (Rough 2011, 39). The 
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action arena in the United States expanded as a result of two energy crises and rising 

environmental concerns, leading new energy alternatives/programs to take shape. 

Utilities and other pro-nuclear groups understandably had fixed positions that favored 

making investments in nuclear power where and when they planned. They also had information 

and financial resources that worked to their advantage. This support continued for as long as 

nuclear energy was perceived to offer potential economic benefits. Once groups opposed to 

nuclear power overcame information asymmetry, raised money, and became better organized, 

the tide began to shift. Although the rules of the action arena still favored utilities and pro-

nuclear groups, changes that impacted profitability and secrecy were on the horizon, primarily 

the 1971 Calvert Cliffs decision to apply the National Environmental Protection Act to Atomic 

Energy Commission operations, which increased the time and cost for a license, as well further 

public hearings. 

In this context, the Institutional Analysis and Development Framework may focus too 

much on lower tiers of analysis that may be of questionable relevance to system outcomes. While 

the Institutional Analysis and Development Framework is flexible enough to allow for 

examination of both lower and higher tiers, Punctuated Equilibrium Theory may better examine 

these higher tiers, especially given its focus on the policy punctuations that typified nuclear 

policymaking in the 1970s.  
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2.2 THE PUNCTUATED EQUILIBRIUM THEORY 
 

The Punctuated Equilibrium Theory was developed based on the observation that while 

public policy is generally stable and changes only incrementally, it occasionally undergoes 

significant changes (Baumgartner, Jones, and Mortensen 2014, 59). These “Policy Punctuations” 

can be caused by destabilizing events and/or a buildup of unresolved tensions (Baumgartner, 

Jones, and Mortensen 2014, 60). This is amplified in the American political system due to its 

conservative design, which requires large-scale mobilization to provoke change (Baumgartner, 

Jones, and Mortensen 2014, 62). The Punctuated Equilibrium Theory model is based on three 

core assumptions: 1) bounded rationality, 2) the importance of agenda setting/attention, and 3) 

the importance of institutional design (Baumgartner, Jones, and Mortensen 2014, 62-63). 

2.2.1 Punctuated Equilibrium Theory: Image is Everything – Agenda Dynamics 
 

An interesting element in the nuclear policy arena has been the dramatic transformation 

of the image of nuclear power (Baumgartner and Jones 1991, 1046), which shifted from being 

seen as a high tech, safe, and inexpensive source of energy, to one considered dangerous, 

expensive, and associated with nuclear waste, nuclear weapons, and other negative concerns. The 

passage of the National Environmental Protection Act by Congress in 1969 gave environmental 

factors an increased focus and created a new venue to discuss them. This caused a snowball 

effect in which image and venue changes reinforced each other (Baumgartner and Jones 1991, 

1049). A 1984 study of public perceptions of nuclear power in ten countries found that media 

misinformation and sensationalism contributed to both a lack of knowledge on the technology 

among the general public, and to the divide in opinion between scientists (who tend to be pro-

nuclear power) and the public (who tend to be anti-nuclear power) (Baumgartner and Jones 
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1991, 1053). Other studies have found that any media coverage of technical issues reduces 

support, regardless of whether it is positive or negative (Baumgartner and Jones 1991, 1054). 

In the United States, both the image and support for/against nuclear power went through 

several transitions. The late 1940s and 1950s correlate with significant public interest and 

support, to include the 1946 McMahon Atomic Energy Act, the establishment of the Atomic 

Energy Commission, and Atoms for Peace (Baumgartner and Jones 1991, 1054). As attention 

fell in the late 1950s through the mid-1960s, the Atomic Energy Commission began to suffer an 

internal legitimacy crisis (Baumgartner and Jones 1991, 1054). Technical staff became 

concerned that there was not enough focus on safety (Baumgartner and Jones 1991, 1056). 

Around this same time union leaders, environmentalists, and local leaders grew critical of 

nuclear power due to concerns about subsidies, environmental impacts, and siting (Baumgartner 

and Jones 1991, 1056-1057). Initially these outside groups were ignored, but policymakers began 

to pay attention to scientists in the nuclear industry that raised similar concerns and began 

leaking information to outside groups (Baumgartner and Jones 1991, 1057). These actions ended 

up culminating in a third of nuclear license applications being challenged from 1967-1971 and 

only fifteen nuclear power plants ordered after 1974 (Baumgartner and Jones 1991, 1057-1058). 

Baumgartner and Jones argue the changes that made nuclear power an unviable policy 

option occurred among institutions in national and local government with little public attention 

(Baumgartner and Jones 1991, 1050). Strategic actors raised issues in institutional arenas, 

including regulatory commissions, public utilities, and courts (Baumgartner and Jones 1991, 

1053). The media, investors, and public became attentive as these issues were raised, and the 

image of nuclear power began to shift (Baumgartner and Jones 1991, 1053). Ultimately, policy 

reversed (Baumgartner and Jones 1991, 1053). 
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Congressional interest and agenda setting followed a similar pattern to public interest. An 

average of 1.8 committees held hearings on nuclear power between 1944 and 1954, 5.3 between 

1955 and 1968, and 14.3 between 1969 and 1986 (Baumgartner and Jones 1991, 1062). The 

average number of hearings increased too, from 5.8 between 1944 and 1954 to 15.9 between 

1955 and 1968 and 51.3 between 1969 and 1986 (Baumgartner and Jones 1991, 1062). These 

numbers demonstrate a growing interest in nuclear power that contributed to the breakdown of 

the Joint Committee on Atomic Energy and its nuclear policy monopoly. 

While nuclear power had initially been promoted as an inexpensive source of energy, 

power plant costs escalated in the 1970s and opposition on grounds of cost increased. Public 

utility commissions ruled utilities could not raise rates to pay for the costs of new power plants 

until after they were completed (Baumgartner and Jones 1991, 1064). Industrial firms that 

consumed large amounts of electricity—such as General Motors and Dow Chemical—realized 

large rate increases loomed ahead as nuclear plants came online and were increasingly opposed 

to nuclear power (Baumgartner and Jones 1991, 1064). The industry also faced increased 

scrutiny and regulation with regard to safety. A 1978 study used a weighted regulation index, in 

which regulations with impact were rated higher, to determine the impact of regulations on the 

nuclear industry (Baumgartner and Jones 1991, 1060). The index was 3 in 1967, 12 in 1970, 29 

in 1972, 47 in 1975, and 49 in 1977 (Baumgartner and Jones 1991, 1060). While utilities had 

been considered extremely safe investments in 1965, by 1975 half of all United States utilities 

had seen their debts downgraded and were forced to offer high interest bonds (Baumgartner and 

Jones 1991, 1064-1065). With nuclear reactors suffering from cost overruns and increasing 

regulation, utilities that invested heavily in nuclear power saw precipitous declines in earned 
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returns on capital, and became “pariahs of the investment community” (Baumgartner and Jones 

1991, 1064-1065). 

Despite all of this, public opinion remained supportive of nuclear power until the Three 

Mile Island Incident. Support and opposition for nuclear power ranged from 60 to 18 in 1970, 60 

to 27 in 1974, 45 to 35 in 1975, 60 to 28 in 1977, and 50 to 30 in 1979 in a poll taken before the 

Three Mile Island Incident (Baumgartner and Jones 1991, 1067-1068). Even in polls in which 

the question was framed in terms of the hypothetical construction of a nuclear power plant in 

their community, people remained supportive, with 58 to 23 in 1971 and 56 to 24 in 1973 

(Baumgartner and Jones 1991, 1068). However, opposition for local construction of nuclear 

power plants rose throughout the 1970s, with opposition being higher than support in 1978, the 

last poll taken before the Three Mile Island Incident (Baumgartner and Jones 1991, 1068). 

2.2.2 Punctuated Equilibrium Theory: The Destruction of Issue Monopolies in Congress 
 

Jones, Baumgartner, and Talbert focused on the role of congressional committees in 

several policy making areas, including nuclear energy. It was found that the congressional 

committee system acts as a “network of punctuated equilibria,” with committees themselves 

fighting to control various policymaking areas (Jones, Baumgartner, and Talbert 1993, 657-658). 

Committees may maintain a jurisdictional monopoly if an issue has low salience, but are likely to 

lose monopoly status if previously disinterested committees become interested and hold views 

different from the committee with monopoly (Jones, Baumgartner, and Talbert 1993,658). Some 

public policy experts argue congressional committees exhibit clientalism, deferring to the clients 

their committees enact policy for (Jones, Baumgartner, and Talbert 1993,659). Following the 

energy crises of the 1970s, the number of congressional committees and subcommittees involved 

in energy policy grew significantly (Jones, Baumgartner, and Talbert 1993,660). Pro-nuclear 
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groups began to lose power in Congress starting in the 1960s as the number of nuclear favorable 

venues began to decrease (Jones, Baumgartner, and Talbert 1993,666). It was found that 

jurisdictional monopolies are fragile (Jones, Baumgartner, and Talbert 1993,667), and increased 

attention almost always leads to their end (Jones, Baumgartner, and Talbert 1993,665). 

2.2.3 Punctuated Equilibrium Theory: Experts and Policy Subsystems 
 

In his study of the role experts and information play in policy subsystems, Weible 

identified nuclear power as the “seminal example” of a policy punctuation in which science 

played a key role (Weible 2008, 618). Weible argued that policy punctuations occur as the result 

of expert based information, with disproportionate information responsible for the creation, 

destruction, and maintenance of policy images, as well as the expansion of conflict (Weible 

2008, 618). Expert based knowledge can contribute to a gradual or punctuated policy changes 

(Weible 2008, 618). According to Weible’s analysis, scientists were responsible for the positive 

image of nuclear energy following World War II, and encouraged gradual policy change for the 

first twenty years of nuclear power (Weible 2008, 618). Scientists later leaked information 

regarding nuclear safety risks in the 1960s, which Weible identified as responsible for the policy 

punctuations seen in the nuclear subsystem in the 1970s (Weible 2008, 618). 

2.2.4 Punctuated Equilibrium Theory: Theory/Analysis 
 

While these three Punctuated Equilibrium Theory studies emphasize institutions, they 

adopt a meso-level approach, placing significant emphasis on elements of the nuclear policy 

subsystem. Baumgartner and Jones find that nuclear power had a positive image in the early 

years of its existence and a large amount of public attention. They argue that any media attention 

that focuses on technical issues reduces support for the subject being talked about, citing a 1984 
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study that found the media depicted nuclear power in an inaccurate/sensationalist manner 

(Baumgartner and Jones 1991, 1053). Due to early information asymmetry, it may be possible 

the media actually promoted an overly positive image of nuclear power during its beginnings, 

with later concerns arising from issues for which the media previously lacked information. 

Baumgartner and Jones found opposition to nuclear power occurred primarily at the local level; 

however, during the 1970s there was more support for nuclear power at the national level than 

opposition. A 1984 poll indicated that scientists are more likely to support nuclear power than 

the general public, and polls taken in the 1970s indicated public support for nuclear power 

(Baumgartner and Jones 1991, 1053). Public opinion may have split from expert opinion 

following the Three Mile Island Incident, but the divergence may have only been temporary. 

None of these results are consistent with a view of either an endogenous or exogenous shock to 

the system occurring before the Three Mile Island Incident. This is of great interest because of 

the overwhelming evidence that the policy subsystem broke down before the partial-core 

meltdown. 

While public support for nuclear power decreased after the Three Mile Island Incident, 

there are strong indications that the nuclear subsystem was weakened in the 1970s by economic 

forces, including the rising cost of nuclear power plant construction and a significant reduction in 

energy demand due to conservation. One hundred nuclear power plants and 82 coal plants were 

cancelled following the 1973 Crisis, indicating a general requirement for less energy (Rhodes 

2007, 15). While Weible noted the vital role scientists played in emphasizing nuclear safety, the 

changes appear to have occurred as a result of internal shifts within the subsystem given the 

positive public image of nuclear power prior to the Three Mile Island Incident. 



25 

The Punctuated Equilibrium Theory offers some insight into the evolution of American 

nuclear power policy. While there is strong evidence of a policy punctuation of some kind 

occurring in the 1970s, there appear to be multiple candidates for such a policy punctuation. For 

example, the National Environmental Protection Act, the Energy Crisis, and the period following 

the election of President Carter can all be viewed as possible policy punctuations. More 

problematic is the role of public attention. Throughout the 1970s, nuclear power was an issue 

with low salience for the American public, and enjoyed widespread support. Opposition mostly 

manifested at a local level. However, there were challenges to the nuclear policy subsystem 

within Congress. As a body composed of members from multiple districts, it may be that what 

had been a local issue for many districts eventually impacted many, with the results aggregating 

in Congress. Even this is complicated, as research found that people were not opposed to a 

nuclear power plant hypothetically being built near them until 1978, well after many changes to 

the nuclear subsystem. Thus, public opinion seems to have played a limited role in nuclear 

energy policy. The fact that a specific punctuation cannot be pinned down is somewhat 

problematic, but it is possible that unresolved grievances may coalesce to create a policy 

punctuation. 

While it would be possible to use the Punctuated Equilibrium Theory to examine the 

positive and negative feedback and the policy image of nuclear power across various districts, 

that would represent a micro level adoption of what is intended to be a meso-level theory. 

Contrary to the policy debate seen in the United States, the depiction of nuclear power as an 

environmental danger and economic drain was reversed in some countries. Advocacy Coalition 

Framework studies of the policy process in Sweden and Taiwan show economic groups argued 
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in favor of nuclear power in both countries, and environmentalists argued in favor of nuclear 

power in Sweden.  
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2.3 THE ADVOCACY COALITION FRAMEWORK AND NARRATIVE POLICY FRAMEWORK 
 

The Advocacy Coalition Framework focuses heavily on learning and policy change in the 

policymaking process (Jenkins-Smith et. al 2014, 184). It assumes individuals are boundedly 

rational, and that they use belief as a heuristic (Weible, Sabatier, and McQueen 2009, 122). 

These beliefs are hierarchical, and in order from most stable and widest in scope include: 1) deep 

core beliefs, 2) policy core beliefs, and 3) secondary beliefs (Weible, Sabatier, and McQueen 

2009, 122-123). Traditionally the scope of the Advocacy Coalition Framework includes a focus 

on coalitions, learning and policy change (Jenkins-Smith et. al 2014, 193). In the Advocacy 

Coalition Framework, advocacy coalitions are hypothesized as: 1) stable for periods of a decade; 

2) having consensus on core policy issues; 3) willing to surrender secondary beliefs to protect 

core beliefs; 4) having administrative agencies advocate for more moderate positions relative to 

other groups; and 5) actors in purposive groups (purpose oriented, for example the National Rifle 

Association) will be more constrained than those from material groups (benefit oriented, for 

example business groups) (Jenkins-Smith et. al 2014, 195). Policy-oriented learning occurs when 

actors change beliefs as well as strategies for achieving objectives (Jenkins-Smith et. al 2014, 

198), with scientific and technical knowledge being a chief driver of such changes (Weible, 

Sabatier, and McQueen 2009, 122). Policy-oriented learning is more likely to occur when 

intermediate levels of conflict are present within a subsystem, particularly when quantitative data 

and prominent professional forums exist (Jenkins-Smith et. al 2014, 200). 

The Advocacy Coalition Framework approach has two key hypothesis regarding policy 

change. The first hypothesis is that internal/external shocks, policy-oriented learning and 

negotiation—or a combination of these factors—are necessary for changing a policy core, but 

not sufficient to do so in all cases (Jenkins-Smith et. al 2014, 203). This hypothesis has found 
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strong support in applications of Advocacy Coalition Framework (Jenkins-Smith et. al 2014, 

203). The second hypothesis is that core policy attributes of government programs will not 

experience significant change so long as the coalition that instituted it remains in power, unless 

overridden by a superior hierarchical level (Jenkins-Smith et. al 2014, 204). The second 

hypothesis has only been tested a few times, with findings of partial to strong support (Jenkins-

Smith et. al 2014, 204). 

The Narrative Policy Framework was developed to explain “Policy Narratives.” A policy 

narrative is a way of explaining the policy process, and consists of: 1) settings, 2) characters 

(heroes, villains, victims), 3) plots, and 4) policy solutions (McBeth, Jones, and Shanahan 2014, 

228). Characters can be people or organizations, as well as anthropomorphized concepts (Weible 

and Schlager 2014, 240). Policy narratives are important for the policy process in two ways: 1) 

policy entrepreneurs often utilize narratives during debates over policy, and 2) modern media 

makes policy narrative dissemination essentially instantaneous (McBeth, Jones, and Shanahan 

2014, 225). 

The Narrative Policy Framework has four core assumptions: 1) social construction of 

objects and processes associated with public policy, 2) bounded relativity based on belief 

systems and norms, 3) simultaneous operation of policy narratives at the micro, meso, and macro 

level, and 4) the “homo narrans” model of the individual, with narrative playing a crucial role in 

the decision-making processes of individuals (McBeth, Jones, and Shanahan 2014, 229-230). 

2.3.1 Advocacy Coalition Framework: The Politics of Crisis Policymaking 
 

Nohrstedt conducted a study of Swedish nuclear energy policy in the immediate 

aftermath of the Chernobyl Incident. Sweden’s nuclear power program began in the 1960s under 

the Social Democrats (Nohrstedt 2008, 264). In 1976, the Center Party succeeded in winning the 
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election, marking the first time in 44 years that the Social Democrats had lost the election 

(Nohrstedt 2008, 264). In 1979, while still out of power, the Social Democrats called for a 

referendum on nuclear power following the Three Mile Island Incident, which led to the long 

term phase-out of nuclear power in Sweden (Nohrstedt 2008, 264). The Social Democrats 

returned to power again in 1982, just weeks before the Chernobyl meltdown resulted in another 

exogenous system shock (Nohrstedt 2008, 264). 

When radiation levels spiked at Forsmark nuclear facility in central Sweden, officials 

initially thought there had been an accident at a Swedish nuclear reactor before the cause was 

traced to the Incident at the Soviet Chernobyl reactor (Nohrstedt 2008, 257-258). Chernobyl 

represented a significant system shock and brought increased attention to the nuclear power issue 

in Sweden, but ultimately there were no major policy changes (Nohrstedt 2008, 259) despite the 

fact that many Swedes felt Chernobyl showed the risks of nuclear power had been severely 

underestimated (Nohrstedt 2008, 264). While public opinion and the media adopted an anti-

nuclear stance, the anti-nuclear coalition did not change its beliefs (Nohrstedt 2008, 266-267). 

The pro-nuclear coalition had been preparing to challenge the results of the referendum, but 

following Chernobyl many advocates withdrew from the policy debates (Nohrstedt 2008, 267). 

Nuclear energy opponents sought to “dramatize” Chernobyl, while nuclear energy supporters 

attempted to shift the focus to environmental concerns such as global warming and appealed to 

national pride by arguing that that Sweden had a safer nuclear power program than the Soviet 

Union (Nohrstedt 2008, 268). 

While the Advocacy Coalition Framework assumes that a crisis is unlikely to be followed 

by policy learning because dominant coalitions defend their core beliefs, Nohrstedt argues the 

crisis investigation was an open forum conducive to policy-oriented learning (Nohrstedt 2008, 
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269). Agencies supplied scientific information, and the investigation was mostly nonpartisan 

(Nohrstedt 2008, 270). The Advocacy Coalition Framework argues that policymakers screen out 

alternatives inconsistent with their core policy beliefs, but the Social Democrats were willing to 

consider alternatives (Nohrstedt 2008, 270). Results indicated there was no need to move the 

planned up phase-out, but the Social Democrats moved the starting point forward from the late 

1990s to the mid-1990s in order to eliminate nuclear power as a policy issue and increase its 

popularity (Nohrstedt 2008, 270). Nohrstedt argues the Swedish response to Chernobyl indicates 

political concerns prevailed in the debate, as there was some support for nuclear power among 

Swedes concerned about the environment (Nohrstedt 2008, 271). Ultimately, there appears to be 

no one factor that explains the Swedish response (Nohrstedt 2008, 273). 

2.3.2 Advocacy Coalition Framework: Advocacy Coalitions and Policy Change 
 

Hsu examined the history of commercial nuclear power in Taiwan from an Advocacy 

Coalition Framework perspective. The first Taiwanese nuclear power plant began construction in 

1970, and by the mid-1980s three plants had been completed and a fourth was planned (Hsu 

2005, 218). The Kuomintang pressed ahead with nuclear power despite the Three Mile Island 

Incident (Hsu 2005, 218). The decision was made by a small number of people, and the pro-

nuclear advocacy coalition was the only member of the nuclear policy subsystem during the 

period of martial law under the Kuomintang government (Hsu 2005, 224). By the mid-1980s, 

Taiwan was transitioning to a more democratic government, and an anti-nuclear power advocacy 

coalition began to emerge (Hsu 2005, 224). The Kuomintang decided to delay construction of a 

fourth nuclear power plant in order to respond to public concerns and allow an environmental 

impact assessment to be completed (Hsu 2005, 218). Opponents of nuclear power became part of 

the base of the rival Democratic Progressive Party, although as a minor faction (Hsu 2005, 223-
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224). The Kuomintang pushed forward with the nuclear power plant starting in the early 1990s, 

using a special designation to override the objections of the Taipei County Government, which 

had refused a construction license (Hsu 2005, 219). In 2000, Democratic Progressive Party 

candidate Chen Shui-bian won the presidential election, breaking Kuomintang dominance for the 

first time and bringing an apparent mandate to end construction of the fourth reactor (Hsu 2005, 

219). When President Chen canceled the fourth reactor in October 2000 on the grounds that it 

was hazardous for the environment and unnecessary, Taiwan’s stock market fell 8% (Hsu 2005, 

221). Coalition parties immediately began a movement to remove Chen through a recall election 

(Hsu 2005, 221). Chen also lacked the support of the general public as well as business groups, 

with the project supported by 40% of the population and 80% of industrial association members 

(Hsu 2005, 221). Facing a recall attempt and a decision by the Council of Grand Justices that 

found the reactor cancellation flawed, President Chen decided to resume the project to improve 

the political and business climate (Hsu 2005, 222). Although the Democratic Progressive Party 

won later elections, it has not had enough support to attempt to end the Taiwanese nuclear 

program again (Hsu 2005, 223-226). Despite defeat, many anti-nuclear activists stayed with the 

Democratic Progressive Party (Hsu 2005, 223). For many Taiwanese anti-nuclear activists, 

defeating the Kuomintang and fighting against perceived authoritarianism was at least as 

important as their anti-nuclear stance, making it partially symbolic (Hsu 2005, 224). 

International actors also played a major role in the Taiwanese nuclear power debate. Foreign 

experts on nuclear policy were instrumental in the initial decision to halt the project. Later 

pressure by the United States State Department on behalf of the Import-Export Bank (which 

provided significant financing for the project) and General Electric, as well as pressure from 
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Japanese firms such as Mitsubishi and Hitachi played a major role in the reversal of the decision 

(Hsu 2005, 225). 

2.3.3 Advocacy Coalition/Narrative Policy Framework: Policy Narratives and Processes 
 

The paper presents a modified version of the Advocacy Coalition Framework, featuring 

elements of the Narrative Policy Framework. The Advocacy Coalition Framework and Narrative 

Policy Framework share several common features at the meso level of analysis, including: 1) 

belief systems, 2) policy learning, 3) public opinion, and 4) strategy (Shanahan, Jones, and 

McBeth 2011, 545-546). The Narrative Policy Framework hypothesizes that the “quality,” or 

strength, of policy belief bonds impact policy change and outcomes (Shanahan, Jones, and 

McBeth 2011, 546). The Narrative Policy Framework hypothesizes that policy beliefs can be 

unstable, while the Advocacy Coalition Framework hypothesizes that they are stable over 

periods of time of around a decade (Shanahan, Jones, and McBeth 2011, 547). The Narrative 

Policy Framework hypothesizes that policy congruence is important, with groups having 

agreement in both policy and priority in order to achieve cohesion (Shanahan, Jones, and 

McBeth 2011, 548). Taken together, belief strength, stability, and congruence form the “coalition 

glue” that binds groups together (Shanahan, Jones, and McBeth 2011, 548). 

Cultural context such as social and economic history also shapes policy narratives 

(Shanahan, Jones, and McBeth 2011, 545). The Narrative Policy Framework hypothesizes that 

the acceptance of a new policy narrative can lead to policy learning, even if scientific facts and 

other factors remain the same (Shanahan, Jones, and McBeth 2011, 549). Recent psychological 

research has found that narratives are often more persuasive than science (Shanahan, Jones, and 

McBeth 2011, 549). The Narrative Policy Framework hypothesizes that when exogenous public 

opinion and coalition preferences match, coalitions create narratives seeking to maintain the 
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status quo (Shanahan, Jones, and McBeth 2011, 551). The Narrative Policy Framework 

hypothesizes that when endogenous public opinion and coalition preferences do not match, 

coalitions creative narratives seeking to expand the subsystem coalition (Shanahan, Jones, and 

McBeth 2011, 551). The Three Mile Island Incident is cited by the authors as an example of an 

internal system shock, with public support for nuclear energy falling dramatically, although 

subsystem actors were unable to develop a policy narrative to take advantage of it (Shanahan, 

Jones, and McBeth 2011, 551). Policy narratives have settings, plots, characters, heroes, villains, 

and victims, and advocate for a particular policy (Shanahan, Jones, and McBeth 2011, 539). 

Policy narratives are created by advocacy coalitions, including interest groups, individuals, 

politicians, and the media (Shanahan, Jones, and McBeth 2011, 542). Winners seek to preserve 

the status quo, losers seek to change it (Shanahan, Jones, and McBeth 2011, 544). Policy 

symbols and policy surrogates can also be used to shape policy, although they are less likely to 

be used by winners because they can expand policy issues (Shanahan, Jones, and McBeth 2011, 

544). External conditions can impact a policy issue. For example, there may be changes in 

resources, rules, or political agendas, or changes in public awareness or scientific knowledge 

(Shanahan, Jones, and McBeth 2011, 545). 

2.3.4 Advocacy Coalition Framework/Narrative Policy Framework: Theory/Analysis 
 

The two Advocacy Coalition Framework application papers both analyze the role of pro-

nuclear and anti-nuclear coalitions within the nuclear policy subsystem. In both cases, the Three 

Mile Island Incident was an exogenous shock. In Sweden it resulted in a referendum that led to 

the phase-out of nuclear power, while in Taiwan the government pressed ahead with nuclear 

power. However, Taiwan was under martial law during much of the 1980s, and the government 

was less attentive to public concerns regarding nuclear power. Chernobyl was a major exogenous 
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shock for Sweden, creating a major boost for the anti-nuclear coalition due to increased safety 

concerns and radiation contamination higher than that seen in most nations outside of the Soviet 

Union itself. The ruling party, which had formulated Sweden’s phase-out policy, decided to hold 

public hearings to determine the fate of nuclear power in Sweden (later reversed in 2009), 

although the Advocacy Coalition Framework predicts that dominant coalitions will tend to fight 

to defend existing policy. Ultimately the policy did not change. Interestingly, in Sweden 

environmentalists and economic interests lobbied in favor of nuclear power, the opposite of what 

was seen in the US. Swedish environmentalists argued nuclear power was required to reduce 

pollution and climate change, while economic groups argued that it would be too expensive to 

replace the nuclear power plants. A similar result was seen in Taiwan following the election of 

the opposition Democratic Progressive Party, which committed to the phase-out of nuclear 

power. Major controversy erupted over plans to cancel a nuclear power plant and phase-out 

nuclear energy, and once again, economic interests argued in favor of nuclear power. In the 

Taiwanese case, the anti-nuclear faction did not press too hard for the end of nuclear power when 

it became apparent that opposition was high. Some Taiwanese opponents of nuclear power said 

their opposition was more because the Kuomintang did it without consulting people, and less 

because of opposition to nuclear power itself. These studies are interesting in that economic and 

environmental groups took a different approach in Sweden and Taiwan relative to the US. This 

may indicate that different policy images regarding nuclear power existed in the three countries. 

The results fit with the modified Advocacy Coalition Framework developed by 

Shanahan, Jones, and McBeth, which incorporates elements of the Narrative Policy Framework 

approach. Both cases presented external factors that impacted the subsystem. Also, policy beliefs 

were found to be unstable, with Swedish environmentalists and Taiwanese anti-nuclear activists 
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advocating other outcomes. Swedish environmentalists argued in favor of the status quo in order 

to reduce pollution and reduce climate change while alternatives to nuclear power were 

developed. All-the-while, Taiwanese anti-nuclear activists decided to put the interests of their 

party ahead of their own opposition to nuclear power. Both cases also saw the development of 

narratives. Some groups in Sweden argued that the nation should maintain its nuclear program in 

order to show the world how to responsibly manage one. Taiwanese anti-nuclear power activists 

portrayed nuclear power as something forced upon the country by the autocratic Kuomintang. 

Unlike Sweden and Taiwan, the United States has a major nuclear weapons program, and the 

United States government and military played a major role in fostering development of the 

industry. It is interesting to note that the growth of the environmentalist and anti-nuclear 

movement in the United States coincided with the Vietnam War, which was accompanied by 

significant anti-war and anti-government feelings. Perhaps American anti-nuclear activists were 

also opposing something else, such as nuclear weapons or the government, developing a 

different policy narrative from Sweden and Taiwan. 

Of the frameworks explored in this paper that assessed the role of information, image, 

public opinion, and beliefs in shaping the technical and political considerations around nuclear 

policy, the Advocacy Coalition best explains the shifts in American nuclear policymaking, 

especially when combined with elements of the Narrative Policy Framework. Control over the 

nuclear subsystem in the late 1960s and 1970s was a contest between purposive pro-nuclear 

groups (like Atomic Energy Commission and Joint Committee on Atomic Energy), and anti-

nuclear groups that were purposively opposed to nuclear power. Joining them were various 

materially oriented groups. Pro-nuclear groups included utilities that chose to use nuclear power, 

and arguably the United States Navy, which could seek increased attention and prestige and thus 
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higher budgets. With the end of the Atomic Energy Commission, Joint Committee on Atomic 

Energy, and the Energy Research and Development Administration (a group dominated by 

former elements of the Atomic Energy Commission), the nuclear policy subsystem lost its 

purposive pro-nuclear groups. Further erosion occurred when material pro-nuclear groups, most 

prominently utilities, abandoned nuclear power starting in the 1970s for economic reasons, and 

the United States Navy abandoned plans for large-scale nuclearization of its surface ships. In 

contrast, purposive anti-nuclear groups survived the 1970s. These dramatic shifts may have 

allowed anti-nuclear groups to have a greater role in shaping the image of nuclear power than 

would otherwise be the case, as they are now largely unopposed. Alternatively, the anti-nuclear 

movement may have been utilized by officials within the policy process to push their own energy 

policy preferences, ones that were not necessarily nuclear. For decades, American energy policy 

essentially was nuclear energy policy, and implementing any new energy policies would have 

necessarily weakened the influence of pro-nuclear institutions. 

The Narrative Policy Framework theorizes that when public opinion and coalition 

preferences do not match, coalitions seek to expand to include more groups to increase their 

influence. Perhaps instead of a bottom-up approach in which anti-nuclear citizen groups 

influenced politicians, politicians emphasized anti-nuclear opinions in order to push for their 

own desired policy alternatives, such as coal, petroleum, solar power and conservation to 

appease environmentalists, industry groups, and others making up the anti-nuclear coalition.  
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3 METHODS: THE MULTI-LEVEL PERSPECTIVE 

The Multi-Level Perspective is designed to explore how technological transitions evolve 

over an extended period of time – often decades. In the Multi-Level Perspective, technologies 

themselves to do not promote change, it is their interactions with social structures and 

organizations that do so (Geels 2002, 1257). These elements are aligned within a framework 

composed of landscapes, sociotechnical regimes, and niches that comprise the multi-level 

perspective (Geels 2002, 1261). Landscapes function at the macro-level and consist of wider 

external factors that shape technological trajectories (Geels 2002, 1261). Sociotechnical regimes 

develop at the meso-level and support technologies along their development trajectories (Geels 

2002, 1261). Niches thrive at the micro-level and incubate radical new technologies (Geels 2002, 

1261). Each level is nested within the other (Geels 2002, 1261). 

Radical innovation comes from niches, although sociotechnical regimes can produce 

incremental improvement in existing technologies. Niches protect new technologies during 

development, when the risk of competing directly in the general market is typically 

extraordinarily high (Geels 2002, 1261). The transition from a niche to a sociotechnical regime is 

gradual and occurs in steps (Geels 2002, 1271). For a niche technology to succeed, it must be 

compatible with developments within any impacted sociotechnical regime and the wider 

landscape (Geels 2002, 1261). 

Sociotechnical regimes exist to solve a particular technological challenge (Geels 2002, 

1259-1260), such as providing electricity. They depend on a vast network of people and 

institutions such as “engineers… users, policy makers, societal groups, suppliers, scientists, 

capital banks” (Geels 2002, 1260). There are seven dimensions to the sociotechnical regime: 1) 

technology, 2) markets, 3) symbolism, 4) infrastructure, 5) industry structure, 6) policy, and 7) 

scientific knowledge (Geels 2002, 1262). While these dimensions are linked, differences 
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between them may lead to tensions (Geels 2002, 1262) and offer potential openings for niche 

solutions to exploit. 

Beyond the sociotechnical regime is the sociotechnical landscape, where deep structural 

elements such as a nation’s physical infrastructure, market demands, economic growth, and 

environmental concerns interact (Geels 2002, 1260). Many technological niches are created by 

changes at the landscape level (Geels 2002, 1271). One mechanism by which new technologies 

break through is by forming a “symbiosis” with existing technologies (Geels 2002, 1271). Rather 

than competing with current technologies directly, they work in conjunction with them (Geels 

2002, 1271). Another way “new technologies break out of niches [is] by riding along with 

growth in particular markets” (Geels 2002, 1272). This was seen with nuclear energy, which 

underwent a period of rapid expansion when United States electricity consumption was doubling 

almost every ten years (see Charts 1 and 3).  
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3.1 THE ROLE OF POLITICS IN THE MULTI-LEVEL PERSPECTIVE 
 

Social groups and culture play a critical role in transitions, although some groups have 

more power than others. Policy discussions are often dominated by regime supporting firms and 

policymakers, with other groups such as environmental activists often being unable to participate 

in a major role (Geels 2014, 27). Regimes usually have more power than niches simply by virtue 

of greater resources (Geels 2014, 28-29). External groups can destabilize regimes through three 

different “framing dimensions:” 1) “diagnostic framing, which identifies and defines problems,” 

2) “prognostic framing, which advances solutions to problems,” and 3) “motivational framing, 

which provides a rationale for action” (Geels 2014, 29-30). 

Regime supporting firms and policymakers often act together on an issue, with firms 

influencing policymakers three ways: 1) taking advantage of their close relationships with 

policymakers, 2) having their interests internalized by policymakers, and 3) using “corporate 

political strategies” to attempt to try to persuade policymakers to support their interests or pursue 

legal action to defend them (Geels 2014, 26-27). Geels argues that “policymakers and incumbent 

firms can be conceptualized as often forming a core alliance at the regime level, oriented towards 

maintaining the status quo” (Geels 2014, 26). He posits further that if regime supporting firms 

and policymakers form a strong enough bond, they can even form a “historical bloc” whose 

interests are widely internalized by the general public (Geels 2014, 27). 

Regimes can use the promise of future innovations that are “just around the corner” to 

defend against landscape pressures (Geels 2014, 33). Government non-intervention and support 

for letting the free market decide transition pathways “sounds neutral,” but it provides more 

established regime actors a privileged position because they have more resources and capabilities 

relative to niche competitors (Geels 2014, 34). This is evident in the way in which electricity 



40 

regimes in many Western countries have proven stable in the face of climate change and other 

environmental pressures (Geels 2014, 24-25).  
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3.2 NICHE BREAKOUT 
 

Niches breakout into the regime as a result of developments across all areas of the multi-

level perspective. According to Geels and Schot, a breakout occurs when: 1) a niche gains 

momentum through development and gaining support from powerful regime actors, 2) landscape 

developments pressure the socio-technical regime, and 3) the regime is destabilized and creates 

an opening for a niche to exploit (Geels and Schot 2007, 400). Without pressure, a socio-

technical regime is unlikely to undergo major change (Geels and Schot 2007, 400). 

Socio-technical regimes tend to be stable, with changes usually taking place over time 

spans of decades (Geels and Schot 2007, 400). This stability extends to practices, regulations, 

cultural views, and established infrastructure that niches often lack (Geels and Schot 2007, 399-

403). In contrast, niches tend to have less stability (Geels and Schot 2007, 402-403). They must 

integrate into existing practices, regulations, cultural reviews, and infrastructure of the regime, or 

else create their own (Smith et. al. 2010, 441). The difficulty of doing so means that “[m]any 

niches are not successful in expanding, or even surviving for a long time” (Smith et. al. 2010, 

440-441). To be successful, niches often must enjoy the support of a “social constituency” and 

policymakers (Smith et. al. 2010, 450). 

Windows of opportunity can open for niches when socio-technical regimes are 

destabilized by new innovations, new regulations, and landscape developments (Smith et. al. 

2010, 441). Environmental protection and sustainability were not important landscape 

considerations when many technologies were being developed, but have become challenges for 

many regimes, leading to the creation of new windows of opportunity for niches (Smith et. al. 

2010, 441).  
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3.3 TRANSITIONS 
 

As defined by van den Bergh and Kemp, a transition is “a society-wide change that goes 

beyond single sectors and involves fundamental and interrelated changes in technology, 

organisation, institutions and culture” (van den Bergh and Kemp 2006, 1). Transitions are non-

linear and can alternate between periods of acceleration and stabilization (van den Bergh and 

Kemp 2006, 1). Transition pathways can differ greatly depending on the nature of the landscape 

shock(s) and the development status of niche solutions. Shocks can vary in frequency, 

magnitude, speed, and scope (Geels and Schot 2007, 403-404). Niches can undergo different 

transition paths depending on how developed they are if/when a regime becomes destabilized 

(Geels and Schot 2007, 405). Determining if a niche is fully developed is “not entirely 

objective,” and some possible indications include: 1) the emergence of a dominant design, 2) 

support from key regime actors, 3) the technology is competitive with room for further 

improvement along its learning curve, and 4) the technology has a 5% to 20% or larger market 

share (Geels and Schot 2007, 405). 

The Multi-Level Perspective focuses on the transition process – not the “end state” itself 

– and at how to “initiate, foster and direct transitions as well as the barriers against transitions” 

(van den Bergh and Kemp 2006, 1). It is “difficult if not impossible” to steer transitions due to 

the complicated dynamics across niches, regimes, and the landscape (van den Bergh and Kemp 

2006, 1). Economists have found that it is generally best to create price incentives to allow 

markets to determine the best way to maximize social welfare, rather than trying to steer 

transitions a particular direction (van den Bergh and Kemp 2006, 2-3).  
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3.4 TRANSITION PATHWAYS 
 

Geels and Schot propose a non-linear transition process consisting of a steady base state 

and four different transition pathways (Geels and Schot 2007, 406). A transition can go through 

several different pathways as it develops (Geels and Schot 2007, 413). Disruptive change is more 

likely to lead to a series of transition pathways than sustaining change (Geels and Schot 2007, 

413). 

The Reproduction Process, P0, is a steady base state that occurs when the socio-technical 

regime faces no external landscape pressure and simply reproduces itself (Geels and Schot 2007, 

406). For the United States electricity sector, this has long entailed extensive use of fossil fuels 

(see Chart 2). 

The Transformation Path, P1, occurs when the socio-technical regime faces moderate 

landscape pressure, but niches are not yet fully developed (Geels and Schot 2007, 406). This 

leads both the socio-technical regime and niches to adjust themselves in response to these new 

pressures (Geels and Schot 2007, 406). Activists and other groups outside of the regime can play 

a key role in building up pressure on the regime by drawing attention to negative externalities, 

especially external scientists and engineers with the ability to criticize technical details of a 

regime (Geels and Schot 2007, 406). 

The De-Alignment and Re-Alignment Path, P2, occurs when a socio-technical regime is 

subjected to a large and sudden “avalanche change” at the landscape level that results in a loss of 

confidence and stability for the regime (Geels and Schot 2007, 408). One sign of this loss of 

confidence is reduced investment in research and development of technologies utilized by the 

prevailing socio-technical regime’s technology (Geels and Schot 2007, 408). If niche alternatives 

are not fully developed, this results in a proliferation of several alternatives that compete for 
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market share (Geels and Schot 2007, 408). After “a prolonged period of co-existence, 

uncertainty, experimentation and competition for attention and resources,” ultimately “one niche-

innovation becomes dominant, forming the core for re-alignment of a new regime” (Geels and 

Schot 2007, 408). 

Technological Substitution, P3, occurs when the socio-technical regime is subjected to 

high landscape pressure, such as avalanche change, and niches are fully developed (Geels and 

Schot 2007, 409). Niches fail to break through before the onset of high pressure due to the 

stability and entrenchment of the regime (the system is in P0 conditions), but following the onset 

of high pressure the regime is destabilized and begins to be replaced by the fully developed niche 

(Geels and Schot 2007, 409-410). Actors see minor solvable issues with the prevailing socio-

technical regime and move to defend themselves and invest in research and development to 

resolve the issues, potentially slowing or even halting the replacement of the dominant regime 

(Geels and Schot 2007, 409-410). 

The Reconfiguration Pathway, P4, occurs when niche solutions are used to solve 

specialized problems in the prevailing socio-technical regime (Geels and Schot 2007, 411). This 

process can ultimately lead to shifts in the regime, which can lead to greater change (Geels and 

Schot 2007, 411).  
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3.5 TRANSITION CHALLENGES 
 

The concept of sustainable energy development is subjective, with no agreed upon 

definition. Because of this, governments have difficulty steering sustainability transitions. Kemp 

et. al. identify six areas of challenge for steering sustainability transitions (Kemp et. al. 2007, 

315). 

Problem 1, “Ambivalence About Goals,” results from sustainable energy development 

being a subjective concept, with no agreed upon definition (Kemp et. al. 2007, 316). While there 

are a variety of views on how to go about sustainability transitions, one way to mitigate 

ambivalence is to identify parameters that constitute stability (Kemp et. al. 2007, 316), as 

opposed to particular technologies that should be used to achieve it. 

Ambivalence about the goals of the nuclear energy program was seen in the United 

States, where nuclear energy was pursued first for national security (Cold War/Third World 

energy), then for profit, then for energy independence and reducing the risk of fuel scarcity, and 

is now being promoted to fight climate change. 

Problem 2, “Uncertainty About Long-Term Effects,” occurs due to a lack of clarity about 

the consequences – intended and unintended – of government action (Kemp et. al. 2007, 317). It 

also occurs due to shifts in norms and culture (Kemp et. al. 2007, 317). This problem can be 

mitigated by gradual adoption of new technologies and the maintenance of technological 

diversity to prevent lock-in (Kemp et. al. 2007, 317). This can be done through the use of small 

scale experiments involving niche technologies in order to better analyze and mitigate potential 

issues (Kemp et. al. 2007, 323). 

As an example, government regulations directed at coal contributed to increases in the 

use of petroleum and nuclear, which led to issues later when both experienced cost increases due 
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to unanticipated challenges. The 1970s energy crises illustrated the risks of disruptions and price 

fluctuations that could occur due to the United States’ reliance on petroleum imports. Nuclear 

faced environmental, safety, and nuclear waste issues in the 1970s that proved difficult to solve 

and costly to mitigate. 

After the energy crises, petroleum was phased out for national security and economic 

reasons. Hydropower capacity was difficult to increase due to most large sites being built 

already, and also due to increasing concern about environmental impacts. This left only coal and 

nuclear to meet growing demand, and both had issues to work out. Coal was more established 

and had an advantage in overcoming some of its challenges. It was able mitigate some of its air 

pollution by furthering development of flue gas desulfurization, a technology that had been used 

on some British power plants – Battersea, Swansen, and Fulham – during the 1930s (“A History 

Of Flue Gas Desulfurization” 1977), but whose development had ceased during World War II. 

Crucially, coal was also able to obtain an Environmental Protection Agency exemption for fly 

ash, residue produced from the combustion of coal that contains (“Hazardous Waste Exclusions 

Guidance Document” 2007). Nuclear, which had not emerged from its niche, was forced to solve 

safety, waste, and environmental issues across a variety of reactor types and manufacturers in an 

environment of constantly shifting regulations. Ultimately, this gave coal a significant – and 

perhaps unintended – competitive advantage. 

Problem 3, “Distributed Control,” occurs as a result of power being split across both 

government agencies and private actors (Kemp et. al. 2007, 317). This problem can be mitigated 

by utilizing “joint decision-making and network management” (Kemp et. al. 2007, 317). In the 

Netherlands, a special government agency, the Interdepartmental Programme Directorate Energy 

Transition, was created to coordinate government action (Kemp et. al. 2007, 323-324). 
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United States nuclear decisions were fragmented from the start. The National Security 

Council told the Atomic Energy Commission to develop commercially viable nuclear reactors, 

which prior to that direction had been the last priority of the Atomic Energy Commission. 

Despite this fragmentation of landscape level nuclear policy, the Atomic Energy Commission 

still represented a centralized point for nuclear promotion, regulation, and policy promotion. 

Because the United States Navy had an interest in nuclear power for submarines and other 

warships before anyone else, the Atomic Energy Commission used a nuclear reactor it had 

originally designed for a Navy aircraft carrier for the first commercial nuclear test plant, 

Shippingport. This gave the Navy’s preferred technology, the pressurized light water reactor, a 

competitive advantage relative to other types of nuclear reactors. Through his dual commission 

in the United States Navy and Atomic Energy Commission, Hyman Rickover was able to 

advance his preference for light water reactor technology beyond the Navy. Later the Atomic 

Energy Commission/Nuclear Regulatory Commission engaged in a regulatory battle with the 

Environmental Protection Agency over the handling of nuclear waste and environmental 

protection. 

Problem 4, “Political Myopia,” occurs when short-term political changes result in 

changes in government policy (Kemp et. al. 2007, 318). This problem poses significant 

challenges and can only be mitigated if transition policies enjoy broad political support (Kemp 

et. al. 2007, 318). 

Nuclear energy had the support of the President and the bipartisan Joint Committee on 

Atomic Energy (composed of House and Senate members) until sometime in the 1970s. This 

gave the nuclear policy system unrivaled stability. Bipartisan support began to falter with the 
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dissolution of the Joint Committee on Atomic Energy and the adoption of a more cautious policy 

towards nuclear energy by Presidents Ford and Carter in the wake of India’s 1974 nuclear test. 

Problem 5, “Determination of Short-Term Steps for Long-Term Change,” occurs due to 

the difficulty of knowing how short term actions will impact the long term (Kemp et. al. 2007, 

318-319). There are no clear ways to mitigate this problem (Kemp et. al. 2007, 318-319). 

The breeder reactor program was originally needed to compensate for what were believed 

to be scarce nuclear fuel supplies when the program started during World War II. Later, uranium 

was found to be more plentiful than initially expected, but the program continued because 

anticipated future growth in nuclear energy was still expected to lead to uranium shortages. 

Despite the energy crises and stagnation in electricity demand starting in the 1970s, the costly 

breeder reactor program continued until its cancelation in the early 1980s. 

Problem 6, “Danger of Lock-in,” occurs when decisions designed to achieve optimal 

short term outcomes result in sub-optimal long term outcomes (Kemp et. al. 2007, 319). This 

problem can be mitigated through “use of a portfolio of options,” which is a strategy “widely 

practiced in finance and large business” (Kemp et. al. 2007, 319). 

Lock-in is particularly troubling when “privileged” niches exist. There was an issue of 

privileged niches in United States nuclear development. Light water power reactors and sodium 

cooled breeder reactors were favored among the options for nuclear energy, while gas cooled 

reactors and molten salt reactors never enjoyed the same political support. As a result, these 

promising technologies were not pursued. 

Multi-Level Perspective studies have found that in most cases, transitions have involved 

adopting not only a new socio-technical regime, but also greater consumption (Whitmarch 2012, 

7). A sustainability transition would have to overcome this trend (Whitmarch 2012, 7). Stagnant 
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demand for electricity in the United States since 2000 means that new technologies are unable to 

ride along with demand growth to help establish market share.  
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3.6 REGIME EVOLUTION FRAMEWORK 
 

Another approach for transition analysis is the Regime Evolution Framework proposed 

by Dijk et. al. The Regime Evolution Framework has four non-linear phases that transitions can 

go through: A) Regime Reproduction, characterized by small market share for sustaining niche 

innovations; B) Regime Amidst Diversification, characterized by a small market share for 

disruptive niche innovations; C) Regime Reorganization, characterized by a large market share 

for a sustaining niche innovation; and D) Regime Transition, characterized by a large market 

share for a disruptive niche innovation (Dijk et. al. 2014, 281). 

The Regime Evolution Framework offers an improved understanding of the delineation 

between sustaining and disrupting innovations, the hybridization process, and emerging market 

trends and potential transitions (Dijk et. al. 2014, 276). Determining if a niche technology is fully 

developed or not is subjective, and “this interpretive flexibility of the niche technology 

constitutes a large part of the explanation for whether and how the niche innovation further 

develops or not” (Dijk et. al. 2014, 277). A more objective and empirical indicator of a 

technology’s readiness status is market share, that also “requir[es] the precise identification of 

the market or sector so to, unambiguously, identify the regime” (Dijk et. al. 2014, 277). 

Fortunately for electricity, production and consumption information is readily available, and it is 

a commodity product with a clearly defined market. 

Dijk et. al. argue that technologies are not inherently sustaining or disrupting, but that 

their nature is determined by how the socio-technical regime implements them (Dijk et. al. 2014, 

277). Sustaining innovations constitute the majority of innovations, and help improve the 

capabilities of established socio-technical regimes (Dijk et. al. 2014, 278). Disruptive 

innovations are less common, while they typically perform worse on performance characteristics 
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valued by the prevailing socio-technical regime, they offer capabilities that make them attractive 

to some customers (Dijk et. al. 2014, 278). Over time, disruptive technologies might evolve to 

overcome their limitations and dominate the technology of the prevailing socio-technical regime 

(Dijk et. al. 2014, 278).  
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3.7 THE REGIME EVOLUTIONARY FRAMEWORK APPLIED 
 

This study will apply the Regime Evolutionary Framework as a mechanism to assess 

useful insights into the technology transition processes as defined by the Multi-Level 

Perspective. Applying the Framework to the development of nuclear energy in the United States 

provides a method for categorizing the broad, long-term events, innovations and incidents that 

shaped the technology across four non-linear phases: A) Regime Reproduction, characterized by 

small market share for sustaining niche innovations, B) Regime Amidst Diversification, 

characterized by a small market share for disruptive niche innovations, C) Regime 

Reorganization, characterized by a small market share for a sustaining niche innovation, and D) 

Regime Transition, characterized by a large market share for a disruptive niche innovation. 

Understanding how nuclear power progressed (or failed to progress) through these phases offers 

a unique perspective on the unfulfilled promise of the atom and a predictive framework that can 

help craft effective energy policy.  
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4 ANALYSIS AND DISCUSSION 

4.1 REGIME REPRODUCTION 

4.1.1 Disruptive Innovation: The Manhattan Project 
 

The early history of nuclear energy reflects the era of its creation. Nuclear fission was 

first developed by the Manhattan Project, a collaboration of Canada, the United Kingdom, and 

the United States, under the most immense of landscape pressures: the need to win World War II, 

and do it before Germany acquired nuclear weapons. Early nuclear fission reactor designs first 

theorized and built by the Manhattan Project were built with the national security niche in mind. 

These reactors were not built to produce electricity or heat, but to create the plutonium needed to 

build nuclear bombs. No thought was given towards challenging the existing fossil fuel and 

hydropower dominated electricity regime (see Charts 5, 6, and  7). 

During the 1940s nuclear fission was little-understood, and nuclear engineering was in its 

infancy. The lack of knowledge and general understanding of nuclear technology played a major 

role in the early development of nuclear power. In early 1942, Groups from Columbia and 

Princeton met at Chicago to determine what type of moderator and design should be used for the 

first fission reactor (United States Department of Energy 1982, 7-8). Following this meeting, 

they established the Chicago Metallurgical Laboratory, with the goal of developing nuclear 

reactor technology (United States Department of Energy 1982, 7-8). 

For the first nuclear reactor a graphite moderator was chosen, as it was the only 

moderating material available in the required quantity and purity (United States Department of 

Energy 1982, 7). Uranium oxide was used as a fuel, as the technology for fabricating pure 

metallic uranium did not yet exist (United States Department of Energy 1982, 8-9). Blocks of 

graphite and uranium oxide were carefully arranged in a cube, or “pile,” as early reactors were 
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called, and on 2 December, 1942, Chicago Pile-1 achieved controlled fission at Stagg Field at the 

University of Chicago (United States Department of Energy 1982, 1). 

Having proved the viability of fission reactors, work soon moved away from Chicago. In 

1943, Chicago Pile 1 was disassembled and moved to Argonne Forest Preserve. There it was 

rebuilt into a larger reactor featuring radiation shielding and renamed Chicago Pile 2 (United 

States Department of Energy 1982, 36). Later that year, it was joined by Chicago Pile 3, which 

featured a heavy water moderator (United States Department of Energy 1982, 37). In 1944, the 

reactor piles and other facilities at Argonne became Argonne Laboratory, under the leadership of 

Enrico Fermi (United States Department of Energy 1982, 37). The laboratory was charged with 

conducting basic fission research, but due to the ongoing war its projects received a much lower 

funding and resource priority than the nuclear weapons program (United States Department of 

Energy 1982, 37). 

 
Picture 4. An illustration of the first test of Chicago Pile 1 underneath the bleachers of Stagg Field, University of 
Chicago (Credit: Untitled, 19xx). 
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A year after Chicago Pile 1 achieved criticality, the X-10 Graphite Reactor was built at 

Oak Ridge, Tennessee (Marcus 2010, 75-76). X-10 was the first gas cooled reactor and the first 

non-pile type reactor, and it served as the prototype for the light water cooled plutonium reactors 

at Hanford, Washington, which joined it a year later (Kendall 2000, 21). Both reactors were 

supplemented by the K-25 Gaseous Diffusion Plant at Oak Ridge, which provided higher quality 

enriched uranium (Marcus 2010, 75-76). At this time nuclear reprocessing was also developed to 

extract plutonium suitable for nuclear weapons from fuel that had gone through the reactors 

(Marcus 2010, 75-76). 

 
Picture 5. Workers load fuel into the face of the X-10 Graphite Reactor (Credit: Westcott, 1943). 
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Picture 6. Workers around the face of the light water B Reactor at Hanford, Washington (Credit: Untitled, 194x). 

 

During the Manhattan Project, there were concerns about the future availability of 

uranium. It was thought that uranium was a scarce material, and it was unclear if there would be 

enough to meet the needs of the nuclear weapons program as it scaled up (Cochran et. al. 2010, 

89). Fearing insufficient uranium supplies, the Metallurgical Laboratory set to work studying 

ways of producing the maximum amount of plutonium and power from the smallest amount of 

uranium (Cochran et. al. 2010, 89). During the research phase the lab discovered that some 

nuclear reactor designs converted fertile U-238 to fissile plutonium faster than they consumed 

their fissile U-235 fuel (Cochran et. al. 2010, 89). These designs became known as breeder 
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reactors (Cochran et. al. 2010, 89). Breeder reactors, or fast reactors, as they are more formally 

known, operate without a moderator to slow down free neutrons. This is in contrast to thermal 

reactors, which have a moderator (Schmid 2006, 3). Due to the military focus of the program, 

early breeder reactor designs were primarily centered on plutonium production. Designs for two 

early breeder reactors, Clementine and EBR-I, were developed during World War II. Neither 

would be constructed until after the war – building weapons was the top priority. 

 
Picture 7. The front page of the Daily Express, a British newspaper, after the atomic bombing of Hiroshima (Credit: 
Untitled, 1945). 

 

Within a few brief years, the Manhattan Project developed the core infrastructure of what 

would later become the nuclear power industry: nuclear reactors (water and gas cooled), nuclear 

enrichment, and nuclear reprocessing. The concept of breeder reactors had been discovered, and 

test reactors had been designed. World War II ensured that national security concerns kept these 

accomplishments classified. As a result, the world was introduced to atomic energy in August 
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1945, when two atomic bombs – the deadliest weapons ever used in war – destroyed the 

Japanese cities of Hiroshima and Nagasaki. Japan surrendered within days, and a planned 

invasion expected to result in up to one million American casualties was called off. A euphoric 

American public hailed the dawn of the Atomic Age, and looked forward to the military, 

security, and civilian wonders it would bring. 

4.1.2 The Atomic Energy Act of 1946 
 

In August 1946, President Truman signed the Atomic Energy Act of 1946 (also known as 

the McMahon Act) into law, placing the facilities and knowledge developed by the military run 

Manhattan Project under strict civilian governmental control. National security was the 

prevailing concern at the time, and it was thought that the United States could maintain its 

nuclear dominance for years to come if it placed tight restrictions on nuclear technology (Tomain 

2005, 226-227). Under the “born secret” principle, nuclear information was classified under 

penalty of imprisonment – or even death – unless formally declassified (Rhodes 2007, 13). The 

Act made it illegal to build or operate a nuclear power plant without a federal contract and forbid 

the private ownership of nuclear facilities – all nuclear materials, reactors and facilities were 

essentially owned by the United States government (Rhodes 2007, 13). Even allies that had 

helped work on the nuclear program, such as Canada and the United Kingdom, were barred from 

the knowledge that their own scientists, resources, and funding had helped to create. Today the 

Born Secret doctrine is still in force, having been slightly modified by the 1954 amendments to 

the Atomic Energy Act (Morland 2005, 1402). 

The 1946 Atomic Energy Act also established two key organizations in the early 

development of nuclear power in the United States: the Atomic Energy Commission and the 

Joint Committee on Atomic Energy. The information control regime established under the Born 
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Secret Doctrine likely played a major role in building up the influence of the Atomic Energy 

Commission between 1946 and 1954, when nuclear technology was a government monopoly. 

 
Picture 8. President Truman signs the Atomic Energy Act of 1946 (Credit: Untitled, 1946). 

 

4.1.3 The Atomic Energy Commission and the Joint Committee on Atomic Energy 
 

The Atomic Energy Commission was the civilian agency which took over the 

infrastructure originally developed by the military’s Manhattan Project. It consisted of five 

commissioners appointed by the President, as well as a general manager to serve as chief 

executive commissioner of the Commission (Buck 1983, 1). To help maintain secrecy, all 

nuclear facilities were owned by the Commission, and all technical information and research 
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results were kept outside of the patent system (Buck 1983, 1). To help attract talent, Commission 

employees were made exempt from the Civil Service system (Buck 1983, 1). For its first two 

decades, military projects consumed a majority of Atomic Energy Commission resources and 

attention (Buck 1983, 2). 

 
Picture 9. The logo of the Atomic Energy Commission (Untitled, 1946). 

 

The Act also created a new joint House-Senate committee in Congress, the Joint 

Committee on Atomic Energy, charged with oversight of the Atomic Energy Commission (Davis 

2004, 4). The Joint Committee on Atomic Energy was the only Congressional committee ever 

established by law and the only one ever authorized to originate legislation, and was given 
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complete jurisdiction on “all bills, resolutions, and other matters… relating primarily to the 

Commission or to the development, use, and control of atomic energy” (U.S. Congress 1946: 

Sect. 15)” (Downey 1986, 395). It was closely related to the Atomic Energy Commission, over 

which it had jurisdiction. The only limit to the power of the Joint Committee on Atomic Energy 

in Congress was the Committee on Appropriations, which held the power of the purse (Davis 

2004, 14).The Joint Committee on Atomic Energy helped push for the 1954 amendments to the 

Atomic Energy Act, as well as the demonstration program, insurance program, and 

demonstration plant subsidies (Downey 1986, 396). The Atomic Energy Commission and Joint 

Committee on Atomic Energy were so closely linked that some observers considered them a 

“legislative administrative hybrid” (Davis 2004, 14-15). 

The vast power and close linkages of the Atomic Energy Commission and Joint 

Committee on Atomic Energy helped the early American nuclear program overcome three of the 

six main transition challenges identified by Kemp et. al. Problem 1, “Ambivalence About 

Goals,” and Problem 3, “Distributed Control,” were avoided by the clear national security 

purpose established under the 1946 Atomic Energy Act and the centralization of decision making 

under the legislative administrative hybrid. The unique structure of the Joint Committee on 

Atomic Energy also avoided Problem 4, “Political Myopia,” by involving both houses of 

Congress and both parties in nuclear program decision making. 

4.1.4 Early Reactor Research 
 

On January 2, 1947, the Atomic Energy Commission took over responsibility for 37 

nuclear facilities in 19 states (Smith and Cissel 1978, 29). That same month the Atomic Energy 

Commission purchased a new site southwest of Chicago for Argonne National Laboratory 

(United States Department of Energy 1982, 37). Argonne began research into non-weapons 
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aspects of nuclear fission, including biological and medical research, basic physics, and nuclear 

reactors (United States Department of Energy 1982, 37). It soon became the center of Atomic 

Energy Commission reactor development (Buck 1983, 2) under the sprawling national laboratory 

system, established in the late 1940s to help promote the development of peaceful nuclear 

technologies (Smith and Cissel 1978, 30). 

To help Argonne develop nuclear reactor technology, Idaho Test Station (now Idaho 

National Laboratory) was established in the remote Idaho desert. The Test Station achieved 

several firsts for the American nuclear power program. On December 20, 1951, EBR-I, an 

experimental breeder reactor, became the first reactor to generate electricity, lighting four 200 W 

lightbulbs (Cochran et. al. 2010, 92). In 1953, the first pressurized water reactor, S1W, a 

prototype for the S2W unit that would power the nuclear submarine USS Nautilus, and BORAX-

I, the first boiling water reactor, achieved criticality at Idaho Test Station within a few months of 

each other (Marcus 2010, 77). 
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Picture 10. EBR-I, the first nuclear reactor to generate electricity lights four 200W lightbulbs (Untitled, 1951). 

 

4.1.5 Early Breeder Reactors 
 

After World War II, the breeder reactor concept – originally intended to produce 

plutonium for weapons – was revisited to produce uranium to fuel other reactors and convert 

nuclear waste to useful and/or less dangerous materials. Breeder technology came to be seen as a 

way to create fuel to operate other types of reactors (Cochran et. al. 2010, 1) and received 

significant attention during the first several decades of nuclear energy development. Initial 

assessments indicated uranium was a very scarce resource, and they received significant 

government attention as a means of preventing a possible future uranium shortage. Argonne and 

Los Alamos and national laboratories were the primary centers for development of early breeder 

reactors (Smith and Cissel 1978, 30). Argonne tested the sodium cooled Experimental Breeder 

Reactor (EBR) I and EBR-II reactors, while Los Alamos tested the sodium cooled Los Alamos 
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Plutonium Reactor Experiment and mercury cooled Clementine reactors (Smith and Cissel 1978, 

30-31). Fuels varied as well, with EBR-I and EBR-II using uranium and the Los Alamos 

Plutonium Reactor Experiment and Clementine using plutonium (Smith and Cissel 1978, 31). 

Clementine was conceived during World War II, although it did not begin operation until 

1949 (Smith and Cissel 1978, 32). It was designed to use plutonium because at the time it was 

thought to be the most suitable fuel for a breeder reactor, and Los Alamos was chosen to test 

Clementine because it was the only place in the world with knowledge of plutonium handling 

procedures (Los Alamos Science 1983, 44). A second reactor, the Los Alamos Plutonium 

Reactor Experiment, was also built at Los Alamos. It was sodium cooled and used molten 

plutonium fuel (Cochran et. al. 2010, 90). It operated successfully for several thousand hours 

between 1961 and 1963 before contamination proved to be an issue (Cochran et. al. 2010, 90). 

EBR-I was also conceived of during the War, and began operation in 1951 (Smith and 

Cissel 1978, 32). In 1955 EBR-I experienced a meltdown that led to research to ensure fast 

breeder reactors were not inherently unsafe (Smith and Cissel 1978, 35). While this incident led 

to a greater focus on breeder reactor safety, it did not set back research into the technology 

(Cochran et. al. 2010, 92). The EBR-II follow-on reactor was intended as an intermediate step 

between EBR-I and a commercial breeder reactor (Smith and Cissel 1978, 41). It was a 

successful design (Cochran et. al. 2010, 93) and helped lead to the experimental private Enrico 

Fermi Fast Breeder Reactor. 
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Picture 11. Clementine achieves criticality (Credit: Untitled, 1949). 

 

4.1.6 Naval Reactors and the Role of Rickover 
 

Naval propulsion reactors were a key niche for the development of nuclear power 

reactors. All previous reactors had been used to produce materials for military applications or for 
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basic research, but at the keel laying ceremony for USS Nautilus in 1952, the Chairman of the 

Atomic Energy Commission noted that the ship’s S2W reactor would be the first practical use of 

nuclear reactor technology (Buck 1983, 3). S2W became the first in a long line of naval reactors 

that would see service in cruisers, ballistic missile carrying submarines, and aircraft carriers. The 

United States Navy went on to play a major role in the development of nuclear reactor 

technology in the United States through its adoption of the pressurized water technology it 

favored for all of its nuclear powered ships (Buck 1983, 3). 

The United States Navy’s nuclear program, as well as light water reactors in general, can 

trace their origin to naval officer Hyman Rickover. In fall 1946, he was selected for assignment 

to Oak Ridge to help develop naval nuclear reactors (Schratz 1983, 1). It was during this visit 

that he made the decision to select light water technology for the first Navy submarines (Cowan 

1990, 559). 

Rickover was skilled in promoting to Congress his desired programs while ensuring 

competing programs did not gain support (Schratz 1983, 2). In 1946 there was no consensus 

among scientists at Oak Ridge on what was the best nuclear technology, but Rickover decided to 

select light water for the first Navy submarines (Cowan 1990, 559). He received a letter from a 

“reluctant” Walter Zinn, the Director of Argonne National Laboratory, which stated that light 

water technology was the most promising on the basis of then current knowledge, and used it to 

gain approval for Westinghouse to construct a prototype submarine reactor (Cowan 1990, 560). 

General Electric was later selected to develop a sodium cooled reactor (Cowan 1990, 559). These 

reactors powered the USS Nautilus and USS Seawolf (at least initially), respectively. By ordering 

units from both Westinghouse and General Electric, Rickover ensured that two of the largest 
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electrical equipment suppliers in the United States had an interest in nuclear energy (Cowan 

1990, 559). 

Rickover was selected to head the Office of Naval Reactors upon its establishment in 

1949. The position was a dual posting with both the United States Navy and the Atomic Energy 

Commission (later the Department of Energy) that gave Rickover significant influence over the 

course of nuclear reactor development (Schratz 1983, 1). He personally interviewed all 

prospective Naval Reactor officers, selecting people who held values that he thought were 

crucial to the operation of a high risk system (Bierly, Gallhager, and Spencer 2014, 14). One of 

these officers was a young Jimmy Carter, whose career as an officer in Naval Reactors would 

prove to be an asset during his time as President decades later. Rickover’s influence spanned 

decades, lasting until his retirement in 1982 (Bierly, Gallhager, and Spencer 2014, 13). 

While Rickover and the Navy are most known for using pressurized water reactors, they 

also experimented with sodium cooled reactors, one of which was used on USS Seawolf for a 

time. Although sodium reactors would provide more efficient heat transfer and potentially higher 

speeds, Rickover concluded that such reactors were unsuitable for naval use (Bierly, Gallhager, 

and Spencer 2014, 14). He deemed them “expensive to build, complex to operate, susceptible to 

prolong[ed] shutdown as a result of even minor malfunctions, and difficult and time-consuming 

to repair” (Cochran et. al. 2010, 91). After rejecting sodium cooled reactors in the 1950s, 

Rickover never considered them or any other alternative reactor technologies (Bierly, Gallhager, 

and Spencer 2014, 14). Pressurized water reactors were considered more reliable and became the 

sole reactor technology for Navy ships (Marcus 2010, 77). 

Rickover’s conservativism may have been due to Naval Reactor’s status as a high risk 

organization. Such organizations arise in situations of high risk and complexity where failure can 
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lead to significant repercussions (Bierly, Gallhager, and Spencer 2014, 1-2). In the case of the 

Cold War Navy, these repercussions could be catastrophic for the United States’ sea based 

nuclear deterrent. While other nuclear propulsion technologies may have had potential for higher 

performance, it can be challenging for high risk organizations to innovate due to the difficultly of 

determining how changes will impact the overall system (Bierly, Gallhager, and Spencer 2014, 

1-2). Once well-developed, technologies and procedures – such as the pressurized water reactor 

– become reliable black boxes, focus can shift to other areas of the organization (Bierly, 

Gallhager, and Spencer 2014, 6-7). This can lead to technological inertia and path 

dependency/lock-in (Bierly, Gallhager, and Spencer 2014, 5). 

Two of the six main transition challenges identified by Kemp et. al. were raised by the 

significant role Rickover and the United States Navy played in the early developed of nuclear 

reactors, Problem 2, “Uncertainty About Long-Term Effects,” and Problem 6, “Danger of Lock-

in.” Given the Navy’s critical role in the development of nuclear energy for both naval and 

commercial uses, and the technological inertia and path dependency/lock-in for light water 

reactors generally and pressurized water reactors specifically, Rickover’s influence in the vital 

niche incubator of Naval Reactors may have played a crucial role in shaping the course of 

nuclear energy’s development in the United States. His role at both Naval Reactors and the 

Atomic Energy Commission may have helped to create a dominant coalition for light water and 

pressurized water reactors, and established a focus on safety over cost and performance goals 

(Bierly, Gallhager, and Spencer 2014, 30-31).  
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Picture 12. Admiral Rickover and the USS Nautilus on Time Magazine (Credit: Atomic Submarine, 1954).  
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4.2 REGIME AMIDST DIVERSIFICATION 

4.2.1 National Security Drives Early United States Nuclear Efforts 
 

The Navy was not alone in exploring nuclear energy as an energy source for its strategic 

weapons platforms. Kemp et. al.’s transition challenge Problem 1, “Ambivalence About Goals,” 

was absent as the military services and Atomic Energy Commission began developing nuclear 

reactors to meet the national security goals of the United States – both military and civilian. 

In 1950, less than a year after the establishment of the Office of Naval Reactors, the 

United States Air Force began the Aircraft Nuclear Propulsion Program (MacPherson 1985, 

374). Nuclear weapons of the era were still heavy, bulky devices, and ballistic missile 

technology was in its infancy. The Navy’s nuclear powered Polaris ballistic missile submarines 

and the Air Force’s intercontinental ballistic missile program were still almost a decade into the 

future and the full weight of the United States nuclear deterrent rested on the wings of Strategic 

Air Command’s bomber fleet. Nuclear propulsion was considered to be a possible way of 

increasing the range and endurance of these strategic bombers. Research soon found that the 

water cooled reactor designs favored by the Navy would be too heavy and bulky for aircraft use. 

A new type of reactor would be required. 

The Air Force found the solution to its reactor dilemma in the molten salt reactor. The 

molten salt reactor was an exotic design, and was the only one researched during the 1950s that 

had not originally been anticipated by the Chicago Metallurgical Laboratory during World War 

II (MacPherson 1985, 374). The concept originated at Oak Ridge in the late 1940s (LeBlanc 

2010, 1645), and had to compete with technologies from Argonne and the other more prominent 

reactor development laboratories. 
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In a molten salt reactor, fissile materials are dissolved into a molten fluoride salt which 

flows throughout the reactor (Forsberg 2006, 2). The liquid fuel is not confined to a reactor core 

and only achieves fission in a core area with an unclad graphite moderator (Forsberg 2006, 2). 

The ratio of graphite to fuel is constantly adjusted to provide the desired amount of neutron 

moderation (Forsberg 2006, 2). 

 
Picture 13. The experimental Convair NB-36H flew with a non-propulsion producing nuclear reactor on board as 
part of tests for the Aircraft Nuclear Propulsion Program (Credit: Untitled, 1955). 

 

In its initially intended role as an aircraft power source, nuclear heat from the molten salt 

reactor would have replaced the chemical heat of combustion to power an aircraft’s jet turbines 
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(LeBlanc 2010, 1645). In 1954, the ground based Aircraft Reactor Experiment prototype reactor 

was successfully run for several days, proving the viability of the molten salt reactor concept 

(MacPherson 1985, 374). However, the molten salt reactor was destined to never fly. Shortly 

after the Aircraft Nuclear Propulsion Program began, improvements in missile technology 

eliminated the need for nuclear aircraft propulsion, and in 1956, the program was canceled 

(MacPherson 1985, 374). This cancellation did not mark the end of molten salt reactor 

development, however, and the technology went on to be developed for civilian applications well 

into the 1970s, revamped with an eye towards use as a breeder reactor. 

4.2.2 Nuclear Powered Rockets 
 

The Air Force reorientation towards rocketry led to new priorities at its nuclear 

propulsion program. In 1955 the Atomic Energy Commission began work on a nuclear thermal 

rocket for a single stage intercontinental ballistic missile (Gunn 2001, 291). Nuclear thermal 

rockets work by using a reactor to heat a working fluid/propellant to a very high temperature 

(Gunn 2001, 291). This both cools the reactor and expands the working fluid, which expands out 

the nozzle to exhaust pressure to generate thrust (Gunn 2001, 291). 

Initially, there were two separate nuclear thermal rocket programs. Los Alamos’ KIWI 

Program focused on designs using ammonia as a working fluid, while Lawrence Livermore’s 

Tory Program studied the use of nitrogen (Gunn 2001, 291-292). Both programs decided to use 

graphite fuel elements due to its high temperature resistance, ability to contain uranium atoms, 

and ability to act as a moderator (Gunn 2001, 292). Los Alamos and Lawrence Livermore were 

joined by Rocketdyne, a division of North American Aviation, which focused on studying 

nuclear thermal rockets for the United States Air Force (Gunn 2001, 292). In 1957 the Atomic 

Energy Commission reviewed the two programs and chose to focus on the KIWI Program, which 
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was part of the Rover Program (Gunn 2001, 292). Lawrence Livermore chose to use 

Rocketdyne’s research and switch from ammonia to hydrogen as the working fluid (Gunn 2001, 

292). 

4.2.3 Nuclear Power for Space Applications 
 

In July 1958 the National Aeronautics and Space Administration was established, and it 

soon began considering the use of nuclear energy for civilian space applications. With the Space 

Race heating up, this opened a new niche for nuclear energy to help the United States achieve its 

landscape goals of showcasing its technological prowess relative to the Soviets. A nuclear 

powered satellite program was begun, and while it led to advances in reactor lightening and 

processes for the direct thermoelectric conversion of heat, it ended after launching only a single 

unit (Marcus 2010, 79). 

The National Aeronautics and Space Administration’s main nuclear energy effort was the 

nuclear thermal rocket program, which relocated from the Air Force to the Office for Space 

Nuclear Propulsion (Gunn 2001, 293). The first test firings took place within a year. Early KIWI 

reactors were rated at 100 MWt and tested in July 1959 and July and October 1960 in Nevada 

(Gunn 2001, 293). The later KIWI B reactors were designed to achieve ten times the power as 

the earlier reactors with roughly the same size reactor core. They were tested in December 1961 

and September 1965 (Gunn 2001, 293). 

The success of the rockets attracted attention and support at NASA. Planners identified 

roles for a nuclear powered rocket, including manned Mars missions, and chose to begin 

development of the technology (Gunn 2001, 294).  The Nuclear Engine for Rocket Vehicle 

Application Program was initiated 1961 (Gunn 2001, 293). It focused on using the KIWI B 

reactor on a flight ready nuclear rocket engine, with Aerojet and Westinghouse selected as 
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engine and reactor contractors (Gunn 2001, 293). The Phoebus reactor program was also 

initiated to develop a 5000 MWt nuclear thermal reactor (Gunn 2001, 294). 

The Nuclear Engine for Rocket Vehicle Application Program undertook efforts to cut 

costs while developing nuclear thermal rocket technology. The KIWKI B-4E reactor fuel 

elements were baselined for use as core building blocks (Gunn 2001, 294). Later efforts focused 

on the development of advanced fuel elements, and a smaller reactor, Pewee 1, was designed to 

allow for elements to be tested without the lead times and expense of large reactor tests (Gunn 

2001, 295). Another low cost reactor, the 50 MWt nuclear furnace, was developed to help lower 

costs by achieving complete containment of radioactive products produced by the reactors (Gunn 

2001, 295). Between March 1969 and September 1969 tests of Nuclear Engine for Rocket 

Vehicle Application rockets were conducted, proving that a practical nuclear powered rocket 

could be developed and tested for space applications (Gunn 2001, 296). 
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Picture 14. The KIWI-A nuclear thermal rocket undergoes a test fire (Credit: Untitled, 1960). 

 

However, the early 1970s brought about the end of the program. Historically the Atomic 

Energy Commission had allocated money with only general directives on its use, but the 

Commission began to increase the specificity of its directions (Los Alamos Science 1983, 78). 

Los Alamos National Laboratory also experienced its first budget crisis and cancelled a variety 

of advanced reactor designs, including the Nuclear Engine for Rocket Vehicle Application 

Program (Los Alamos Science 1983, 78). As a result, nuclear rockets were abandoned in favor of 

chemical rockets (Gunn 2001, 291).  
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4.2.4 The Army Nuclear Power Program 
 

The United States Army joined the Navy and Air Force in exploring potential 

applications of nuclear power for its forces, establishing the Army Nuclear Power Program in 

1952 (Pfeffer and Macon 2001, 4). Unlike the other two programs, the Army program did not 

seek to use nuclear power in a strategic role for powering nuclear weapon delivery systems. 

Instead, Army reactors were used to provide heat and power in remote areas and were designed 

to operate for extended periods of time without refueling (Pfeffer and Macon 2001, 4). Stationary 

power reactors were built at Fort Belvoir, Virginia, and Fort Greeley, Alaska (Pfeffer and Macon 

2001, 4). Portable reactors were built as well, including the first desalinization reactor at 

McMurdo Sound, Antarctica, and the first floating reactor at the Panama Canal Zone (Marcus 

2010, 79). Other portable reactors operated at Sundance, Wyoming and Camp Century, 

Greenland (Pfeffer and Macon 2001, 4). 

The Army explored other roles and applications for nuclear technology. It considered 

using nuclear reactors at overseas bases to provide energy in the event that military installations 

were cut off from their typical supply lines (Pfeffer and Macon 2001, 4). Starting in 1956 the 

Army began research into mobile nuclear reactors, including a closed cycle gas cooled gas 

turbine reactor that could be transported by truck, rail, or barge (Pfeffer and Macon 2001, 6). 

There were also studies of using nuclear powered overland cargo transports in remote areas 

(Pfeffer and Macon 2001, 6). In 1963 the Army further proposed using compact military reactors 

to produce synthetic fuel for military vehicles in combat zones (Pfeffer and Macon 2001, 6). 
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Picture 15. Components of the PM-3A portable nuclear reactor arrive in Antarctica for assembly (Credit: Untitled, 
196x). 

 

While the Army received funding from the Atomic Energy Commission to support its 

research into small nuclear reactors (Pfeffer and Macon 2001, 6), none of the more ambitious 

Army initiatives were implemented. By the mid-1960s, interest in the Army Nuclear Power 

Program began to wane as it became clear that achieving its objectives in a timely and cost 

effective manner was highly unlikely (Pfeffer and Macon 2001, 6). Combined with cutbacks in 

long-range research and development due to the needs of the Vietnam War, in 1966 the Atomic 

Energy Commission ceased its portion of funding for small stationary and mobile reactors 

(Pfeffer and Macon 2001, 6). The Army continued its research and development efforts, but 

found no support by the United States Department of Defense (Pfeffer and Macon 2001, 6). The 
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Army nuclear reactors were deemed to be too expensive, especially since there was no defined 

role for them (Pfeffer and Macon 2001, 6). In 1966 the Army program began to see declining 

funding and support, eventually ceasing entirely in 1979 (Pfeffer and Macon 2001, 6). 

While the Army conducted pioneering research on small nuclear reactors (predecessors 

of today’s small modular nuclear reactors), nuclear power barges, and the use of nuclear energy 

for combined heat and power, desalinization, and the production of synthetic fuels, none of these 

concepts were implemented commercially in the United States. The Army Program may have 

failed to gain a political or economic constituency because it did not have a clear use in meeting 

strategic military needs in contrast to the Navy and Air Force programs. While the Army’s work 

with combined heat and power and desalinization might have found use in projects to improve 

foreign relations in nations friendly to the United States, the small reactors used by the program 

might not have been attractive due to their small size. Army reactors were small compared to 

civilian power reactors, which had grown six times more powerful between the late 1950s and 

early 1960s (Downey 1986, 397). 

4.2.5 The First Civilian Reactors 
 

Around the same time that Idaho Test Station’s experimental reactors were becoming 

operational, nuclear energy started seeing more practical uses. In the early 1950s the first 

university research reactor was built at North Carolina University (Marcus 2010, 77). In 1955 the 

experimental BORAX-III reactor was used to make Arco, Idaho, the first town powered solely 

by atomic energy (Marcus 2010, 77-78). However, apart from these limited uses, there was little 

civilian use of nuclear technology in the United States. The primary concern was the nuclear 

deterrent and American national security (Cowan 1990, 556-557). It was thought that the Atomic 

Energy Act would ensure American nuclear dominance for twenty years, so there was little 
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impetus to develop civilian nuclear technology (Cowan 1990, 562). Furthermore, the Atomic 

Energy Commission had little desire to move forward with commercialization at the time 

(Cowan 1990, 562). However, the Soviet and British nuclear programs progressed far more 

quickly than initially expected. 

However, commercial nuclear energy would soon be pursued in the United States to help 

further its national security goals. In the early 1950s, the Soviet Union and United Kingdom 

began developing civilian nuclear power technology (Rhodes 2007, 13-14). A Soviet nuclear 

reactor at Obninsk supplied electricity to the grid in 1954, a year before the Arco reactor, and 

nuclear reactors at Calder Hall, United Kingdom, began commercial operations in 1956 (Marcus 

2010, 77-78). Calder Hall was a dual purpose facility intended to produce both electric power 

and military plutonium (Marcus 2010, 77-78). 

 
Picture 16. The local newspaper in Arco announces that the town has become the first in the world to be powered 
solely by atomic energy (Credit: Untitled, 1955). 

 

While the Atomic Energy Commission wanted to move slowly with nuclear power, the 

United States National Security Council forced it to move more quickly than it had planned 
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(Cowan 1990, 562). The National Security Council feared that allowing the Soviets to win the 

race to develop nuclear energy could damage American interests even more than the loss of the 

nuclear arms monopoly, with the allure of cheap atomic energy swinging developing nations 

towards those capable of supplying it (Cowan 1990, 562-563). Nuclear energy had started as the 

last priority of the Atomic Energy Commission, but by 1952 it became the Commission’s top 

priority (Cowan 1990, 561). The Atomic Energy Commission also began working on plans to 

expand industry participation in nuclear energy, starting with joint collaborations (Cowan 1990, 

561). 

4.2.6 Atoms for Peace and the 1954 Atomic Energy Act 
 

With its nuclear monopoly over more quickly than anyone anticipated, the United States 

government decided to relax some of the constraints around nuclear technology. In December 

1953, President Eisenhower announced his Atoms for Peace initiative (Buck 1983, 3), 

committing the United States to help foreign nations develop peaceful nuclear technologies. The 

national security goal was still paramount. Notably, President Eisenhower’s Atoms for Peace 

speech focused more on American concerns about nuclear weapons than on the need to move 

nuclear technology towards peaceful uses (Tomain 2005, 227). The Soviet Union had its own 

program similar to Atoms for Peace, and both it and the United States used nuclear technology to 

increase their political influence with friendly nations (Schmid 2006, 2). 

Given existing National Security Council concerns about the United States falling behind 

in nuclear energy development, Atoms for Peace can be viewed as an attempt to bolster the 

image of the United States among friendly nations and solidify its sphere of influence. It might 

also have been an early attempt at spinning the image of nuclear technology, which was still 

dominated by military applications – especially weaponry. In slightly over seven years, the 
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United States had gone from atomic weapons with yields in the tens of kilotons to thermonuclear 

weapons with yields in the tens of megatons – an increase of one thousand times – and the 

Soviets were not far behind. Nuclear technology was no longer a guarantee of American national 

security, but an existential threat. Focusing on the peaceful uses of atomic energy could help 

bolster support for the nuclear program among an increasingly wary foreign and domestic public. 

However, for any of this to happen, the United States first had to legalize technology transfer to 

foreign states and private industry. 

 
Picture 17. President Eisenhower delivers his Atoms for Peace speech before the United Nations (Credit: Untitled, 
1953). 

 

The result was the 1954 Atomic Energy Act, which amended the 1946 Act. The 

amendments passed Congress in Spring 1954 to allow for the exchange of nuclear technology 

with foreign states, as well as allow private industry to access technical information and own 

reactors (Buck 1983, 3). The right to own fissionable materials still remained solely with 
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government (Buck 1983, 3). While tearing back some of the veil of secrecy surrounding nuclear 

technology, the 1954 amendments were also intended help with arms control efforts (Tomain 

2005, 227) and further strengthened the Joint Committee on Atomic Energy, giving it the power 

to classify information according to Executive Branch standards and helping fuel a powerful 

information monopoly (Davis 2004, 16). Although there have been some changes since 1954, 

“[t]he 1954 Act is largely the regulatory structure which governs today” (Tomain 2005, 227). 

4.2.7 The Power Reactor Demonstration Program 
 

Under the Atoms for Peace initiative, the Atomic Energy Commission began to focus 

heavily on civilian nuclear energy.  Starting in 1954, the Atomic Energy Commission launched 

the Power Reactor Demonstration Program, with the goal of testing five experimental reactor 

types within five years (Buck 1983, 3). The Power Reactor Demonstration Program subsidized 

the cost of fuel, assisted the industry through government research, and paid for some private 

research (Levendis, Block, and Morrel 2006, 38). Some argue that the United States government 

“took to beat eastern planning with western planning” due to its heavy involvement in the 

development of nuclear power (Levendis, Block, and Morrel 2006, 37). 

As discussed earlier, two of the six main transition challenges identified by Kemp et. al. 

occurred due to the Navy’s key role in early nuclear reactor development: Problem 2, 

“Uncertainty About Long-Term Effects,” and Problem 6, “Danger of Lock-in.” Light water 

technology was the most advanced technology in the United States at the time, having been 

found successful in tests of the S1W pressurized water reactor at Idaho Test Station in the early 

1950s, as well as the BORAX series boiling water reactors (Cowan 1990, 560). Rickover’s ties 

to the light water pressurized water reactor that powered the Navy’s nuclear powered ships 

ensured pressurized water reactor technology saw eight years of continuous development 



83 

between 1946 and 1954, when Atoms for Peace was announced. As a result, pressurized water 

reactor technology was selected for the first large scale commercial nuclear reactor built in the 

United States at Shippingport, Pennsylvania, with Rickover placed in charge of construction 

(Cowan 1990, 561-563). Shippingport took nearly two years to build and came online in 1957 

(Marcus 2010, 77-78). 

 
Picture 18. Admiral Rickover, in charge of construction of Shippingport Atomic Power Station, investigates the 
reactor pressure vessel (Credit: Untitled, 1957). 
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The regime had yet to lock-in around light water technology in the 1950s, and some early 

commercial reactors used alternative technologies. A plethora of reactor designs at various levels 

of commercialization were built under the Power Reactor Demonstration Program, including: 1) 

Yankee-Rowe, a 175 MWe pressurized water reactor at Rowe, Massachusetts; 2) Fermi-1, a 61 

MWe liquid metal fast breeder reactor at Monroe, Michigan; 3) Hallam, a 75 megawatt liquid 

metal graphite reactor at Hallam, Nebraska; 4) Piqua, a 12 MWe organic reactor at Piqua, Ohio; 

5) Elk River, a 23 MWe superheated boiling water reactor at Elk River, Minnesota; 6) 

Pathfinder, a 59 MWe superheated boiling water reactor at Sioux Falls, South Dakota; 7) 

Carolinas-Virginia Tube Reactor, a 17 MWe pressurized heavy water reactor at Parr, South 

Carolina; 8) Peach Bottom-1, a 40 MWe high temperature gas cooled reactor at Delta, 

Pennsylvania; 9) BONUS, a 72 MWe BWR at Rincon, Puerto Rico; 10) La Crosse, a 50 MWe 

boiling water reactor at Genoa, Wisconsin; 11) Big Rock Point, a 67 MWe boiling water reactor 

at Charlevoix, Michigan; 12) San Onofre-1, a 436 MWe pressurized water reactor at San 

Clemente, California; and 13) Connecticut Yankee Haddam Neck, a 582 MWe pressurized water 

reactor at Haddam Neck, Connecticut (Marcus 2010, 78-79).  

Of the five experimental reactors built under the Power Reactor Demonstration Program, 

the Shippingport pressurized water reactor and the Argonne boiling water reactor had the least 

technical problems (Buck 1983, 3). While a variety of experimental reactors continued to be built 

throughout the 1960s and 1970s (Marcus 2010, 79), the light water pressurized water reactor and 

boiling water reactor type reactors first tested at Idaho Test Station in the early 1950s went on to 

represent the vast majority of commercial nuclear reactors in the United States. This included 

Dresden, a 210 MWe boiling water reactor unit in Illinois, which became the first full scale 
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nuclear reactor financed solely by private industry when it came online in 1960 (Marcus 2010, 

79). 

4.2.8 The Move to Light Water Dominance 
 

Despite being favored in the United States, light water reactor technology was at an 

initial disadvantage to gas cooled reactors on the world market. The first power generating 

reactor was Calder Hall, a British gas cooled reactor that came online in August 1956, which was 

followed by Shippingport in December 1957 (Cowan 1990, 548). Initially, gas graphite held an 

advantage over light water in terms of generating stations, but adoption of pressurized water 

reactor technology by the United States Navy led to rapid accumulation of experience with that 

technology (Cowan 1990, 548). Expert opinion was still split on what would make the best 

reactor. In 1957, the Atomic Energy Commission’s Project Size-Up compared the Calder Hall 

and Shippingport designs and found gas cooled reactors would produce less expensive power 

than light water in both the United Kingdom (8.0 mills per kWh as opposed to 13.1 mills per 

kWh) and United States (17.9 mills per kWh versus 19.6 mills per kWh) (Cowan 1990, 558). A 

formal debate by the journal Nucleonics on the merits of enriched and natural uranium reactors 

was inconclusive; however, the Atomic Energy Commission was heavily backing enriched 

uranium reactors, and this support proved to be decisive (Cowan 1990, 558). 

Despite the diversity of early reactor types, pressurized water reactor technology had a 

lead over competing technologies due to its selection and years of development by the Navy 

(Problem 6, “Danger of lock-in”). The technology was well advanced along its learning curve, 

and alternatives were unable to catch up (Cowan 1990, 544-545). Technologies that operate 

according to the principles of learning-by-doing or learning-by-using can see early use of a 

technology snowball into dominance (Cowan 1990, 543). This is especially critical during the 
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initial phases of development in the context of Multi-Level Perspective, when an inferior 

technology may dominate the market if it offers greater benefits sooner than a potentially 

superior technology with a longer development process (Cowan 1990, 544). Due to increasing 

returns, the number of times a technology was chosen in the past can also impact what is used in 

the future (Cowan 1990, 543). 

Although gas-cooled reactors were not adopted for the first generation of American 

nuclear reactors, the Atomic Energy Commission helped finance a helium-cooled high 

temperature gas-cooled reactor, Peach Bottom Unit 1, as part of its Power Reactor 

Demonstration Program (Kendall 2000, 24). Peach Bottom first achieved criticality March 3, 

1966, and began commercial operations in June 1967 (Kendall 2000, 24). It achieved a capacity 

factor of 74% between June 1967 and its decommissioning on October 31, 1974 (Kendall 2000, 

24). The shutdown took place after it was deemed uneconomic to comply with new Atomic 

Energy Commission safety regulations (Kendall 2000, 24). With the success of Peach Bottom, 

high temperature gas cooled reactors would be considered for the next generation of reactors to 

be built in the 1970s and beyond. However, due to a confluence of factors, ultimately no high 

temperature gas cooled reactors would see commercial service. 
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Picture 19. An illustration of the Peach Bottom Unit 1 high temperature gas cooled reactor (Credit: Untitled, 195x). 

 

4.2.9 The European Atomic Energy Community and the Light Water Regime 
 

The European Atomic Energy Community was established in March 1957, followed by 

the International Atomic Energy Agency in October 1957. Both agencies were supported by the 

United States government and served largely as nuclear promotion agencies (Buck 1983, 4). 

Shortly after Shippingport came online in 1957, the United States began negotiations with the 

European Atomic Energy Community for technical and financial assistance to support its nuclear 

power program (Cowan 1990, 552-553). The resulting European Atomic Energy Community 

Agreement called for 1000 MW of nuclear capacity to be built by European subsidiaries of 

Westinghouse and General Electric, which favored light water reactor designs (Cowan 1990, 

552-553). The European Atomic Energy Community Agreement secured a large amount of the 
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European nuclear market for the United States and light water technology (Cowan 1990, 563), 

shutting out French and British gas cooled reactors. Nuclear proliferation concerns were largely 

ignored at the time, and the European Atomic Energy Community Agreement included 

provisions for the sale of fixed quantities of nuclear material from the United States to the 

European Atomic Energy Community, including enriched uranium (Allen 1983, 2). 

The European Atomic Energy Community Agreement led many to believe that light 

water technology had won out over gas cooling (Cowan 1990, 553). Kemp et. al.’s transition 

challenge of Problem 3, “Distributed Control,” was avoided through the concerted action of the 

United States government and private firms in crafting the Agreement. It also led to Problem 2, 

“Uncertainty About Long-Term Effects” and Problem 6, “Danger of Lock-in,” as the market for 

alternatives to light water technology became significantly constrained. After the European 

Atomic Energy Community Agreement, American light water reactor technology was rapidly 

adopted by countries without their own domestic nuclear reactor designs, and all American 

reactors ordered in the early 1960s were light water (Cowan 1990, 548-549). Light water gained 

a head start over competing technologies, and more advanced reactor technologies were unable 

to secure market share (Cowan 1990, 563). As light water reactors began to see rapid adoption, 

their technology and production economics improved. A study by W.E. Mooz found that as the 

number of nuclear plants built by an architect-engineering firm such as Westinghouse or General 

Electric doubled, construction times and costs both fell by around 10% (Cowan 1990, 551). 

France abandoned gas graphite in favor of light water in 1969, followed by the United Kingdom 

in 1978, leaving Canada as the only nation marketing a technology other than light water with its 

heavy water CANDU reactors (Cowan 1990, 548-549). Alternative reactors seeking to enter the 
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commercial market faced a regime increasingly standardized on light water nuclear reactor 

technology. 

4.2.10 Risk and the 1957 Price-Anderson Act 
 

While the risk of a catastrophic nuclear incident has been and remains low, if one occurs 

the results could be devastating. In addition, the risks of a large scale incident are much higher 

during the development stage of any new technology (Meehan 2011-2012, 343-344). These 

points became important factors in the development of nuclear energy following passage of the 

1954 Atomic Energy Act, which did not establish insurance regulations for the nuclear industry 

for offsite injury and damages (Meehan 2011-2012, 342). As a result, industry representatives 

informed Congress they would not take on the risks of developing nuclear power due to a lack of 

technological and insurance experience (Meehan 2011-2012, 342-343). They warned that if 

Congress would not limit liability, there would be no private investment in nuclear power 

(Meehan 2011-2012, 342-343). The liability issue was such a concern in the early development 

of the industry that Congress passed the 1957 Price-Anderson Act to establish a nuclear liability 

indemnity system and liability caps (Meehan 2011-2012, 343). 

Under the original language of the 1957 Price-Anderson Act, commercial nuclear 

reactors with capacities of 100 MW or more were required to obtain $60 million in private 

insurance, with the Atomic Energy Commission agreeing to indemnify nuclear operators and 

manufacturers for all liability up to $500 million (Meehan 2011-2012, 345-346). The liability 

was omnibus coverage, extending to anyone deemed liable under state tort law, not just those 

who had an agreement of indemnification (Meehan 2011-2012, 346). Unlike a claim based 

system, where a defendant could have their assets depleted by earlier judgments and leave future 
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claimants with nothing, Price-Anderson compensation is evenly distributed (Meehan 2011-2012, 

358). 

The Act has been amended several times since 1957. The 1966 amendments addressed 

legal impediments claimants might face with proving legal causation, state statutes of limitations, 

and variances between jurisdictions (Meehan 2011-2012, 346). The 1975 amendments phased 

out the $500 million federal indemnity and established the nuclear insurance pool (Meehan 

2011-2012, 347-348). Each operator was required to contribute up to $5 million in premiums in 

the event of a nuclear incident at any commercial nuclear plant in the United States exceeding 

the $60 million in private insurance (Meehan 2011-2012, 347-348). This pool thus depended on 

the number of operating nuclear power plants, but the government assured that it would provide 

compensation in the event total protection was less than $560 million (Meehan 2011-2012, 347-

348). 

Under Price-Anderson, claimants need only demonstrate they were injured or sustained 

property damage due to the release of nuclear material from an insured facility, fault does not 

need to be established (Meehan 2011-2012, 356). Since the passage of Price-Anderson, over 

$200 million in claims and litigation have been paid from the nuclear insurance pool, including 

some $71 million following the Three Mile Island Incident (Meehan 2011-2012, 355). This 

stands in sharp contrast to the way liabilities are managed in other areas of energy production, as 

illustrated by the 1977 Teton Dam Failure in Idaho (Meehan 2011-2012, 355). 

While the Teton Dam failure caused $500 million in property damage, affected 

individuals were only compensated $200 million, and it was provided through low-interest loans 

supplied at government expense, making the costs borne entirely by the public (Meehan 2011-

2012, 355). The nuclear industry is unique in that private industry must bear at least some of the 



91 

costs of its externalities by law. While some have argued that Price-Anderson amounts to a 

subsidy of the nuclear industry, the nuclear industry is the only part of the electricity sector with 

mandatory provision for compensation of its externalities (Meehan 2011-2012, 355). 

The first reactor safety study in the United States was conducted as a reference for 

Congress during hearings over the Price-Anderson Nuclear Indemnities Act (Rip 1986, 7). 

Congress requested the Atomic Energy Commission prepare a report on how many people might 

be killed and maimed due to a nuclear incident, as well as what kind of property damage might 

occur (Rip 1986, 7). The result was WASH-740, a 1957 study by Brookhaven National 

Laboratories that was the first risk assessment of nuclear power in the United States (Rip 1986, 

7). Under Atomic Energy Commission safety criteria, no credible malfunction or incident could 

be allowed to lead to a release of radiation from a reactor (Rip 1986, 7). The Atomic Energy 

Commission distinguished between credible incidents and hypothetical incidents, which were 

considered so improbable that they were considered incredible events and irrelevant for safety 

considerations (Rip 1986, 7). WASH-740 found the maximum credible incident could lead to 

3,400 deaths, 43,000 cases of severe radiation poisoning, and $7 billion in property damages 

(Rip 1986, 7). Later reactor safety studies would find the consequences of a nuclear incident to 

be overstated by WASH-740, but their probability of occurring to be underestimated.  
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4.3 REGIME REORGANIZATION 

4.3.1 A Shifting Landscape 
 

While many developments were occurring in the various niches supporting nuclear 

energy, the technology remained a small source of electricity going into the 1960s. Nuclear 

would not surpass 1% of total United States electricity consumption until the late 1960s. Coal 

and hydropower continued their dominance of the electric power regime. However, dramatic 

developments were taking place in the energy regime in response to landscape pressures from 

growing environmental awareness. 

 
Picture 20. The smog covered skyline of New York City in 1966, shortly after passage of the 1963 Clean Air Act 
(Credit: Boenzi, 1966). 
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In 1963 the Clean Air Act was passed, slowing growth in coal fired generation and 

providing space for other forms of power to gain market share. While fossil fuels maintained 

almost the same market share between 1963 and 1973, supplying almost 81% of total electricity 

consumed, a major shift in fuels occurred. To comply with the Clean Air Act, new thermal 

power stations were designed to burn petroleum, and many existing coal-fired power stations 

were converted to burn it (Ratner and Glover 2014, 4 and 7). While prior to 1965 only three 

percent of petroleum consumed in the United States went to power generation, by 1975 it had 

tripled in share to nine percent of total consumption (Ratner and Glover 2014, 7-8). During that 

same period, petroleum fired generation surged from supplying 6.06% of total electricity 

consumption to 17.78% (an 11.72% increase in market share). Coal and natural gas based 

electricity consumption decreased from 52.28% and 22.89% to 43.80% and 18.96% (a combined 

drop of 12.41%), respectively. Essentially, petroleum gained market share at the expense of coal. 

4.3.2 Nuclear Power Takes Off 
 

While 1963 saw the electricity regime adapting to new regulations aimed primarily at 

coal, it also saw the regime beginning to more heavily adopt nuclear energy. Manufacturers 

began offering plants at guaranteed turn-key prices, sparking the Great Bandwagon Market 

(Downey 1986, 397). The close timing between the passage of the Clean Air Act and the offer of 

turn-key nuclear plants may have been a result of reactor manufacturers seeking to take 

advantage of the opportunities offered by the Act’s destabilization of the coal regime. Fourteen 

of the reactors ordered in the United States between 1962 and 1968 cost more to construct than 

their turnkey contract prices, as manufacturers were willing to endure short term losses to gain a 

foothold in the market (Lovering, Yip, and Nordhaus 2016, 373). This aggressive marketing was 

successful as utilities raced to acquire nuclear power plants, believing it would be the energy 
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source of the future (Downey 1986, 397). Soon after the turn-key contracts started, on December 

12, 1963, the 636 MWe Oyster Creek reactor became the first unit in the United States ordered 

without any government assistance (Buck 1983, 5). On August 26, 1964, President Johnson 

signed the Private Ownership of Special Nuclear Materials Act, allowing utilities to own 

enriched uranium for nuclear reactors, rather than having to lease it from the government (Buck 

1983, 5). 

By the mid-1960s, most of the firsts in nuclear technology had been accomplished and 

light water reactors could be considered relatively mature (Marcus 2010, 79). The Atomic 

Energy Commission was faced with Kemp et. al.’s transition Problem 2, “Uncertainty About 

Long-Term Effects” and Problem 5, “Determination of Short-Term Steps for Long-Term 

Change” in determining the next steps of the nuclear power program. Ultimately, the 

Commission declared nuclear power generation technology successfully commercialized 

(Dooley 2008, 8) and limited its role to basic research, leaving the nuclear industry to explore 

engineering features (Downey 1986, 396). Experts assumed hundreds of nuclear reactors would 

soon be built in the United States to meet rapidly growing electricity requirements, and Atomic 

Energy Commission staff grew increasingly concerned about the scarcity of uranium (Dooley 

2008, 8). Commission focus shifted away from power reactors and towards breeder reactor 

development. 

4.3.3 The Breeder Reactor Program Heats Up 
 

In a 1962 report to the President, the Atomic Energy Commission took a position 

strongly favoring the development of breeder reactors (MacPherson 1985, 375). Two options 

were mentioned: 1) the liquid metal (sodium) cooled fast breeder reactor, and 2) the molten salt 
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reactor (MacPherson 1985, 375). This marked the start of serious government interest in breeder 

reactor development, and the start of a new niche for nuclear reactor development. 

Shortly after the Atomic Energy Commission’s report to the President, the first privately 

owned breeder reactor in the United States, the Enrico Fermi Fast Breeder Reactor, began 

operations in Laguna Beach, Michigan (Smith and Cissel 1978, 30). It was built and operated by 

Atomic Power Development Associates and the Power Reactor Development Company, and 

funded by the Detroit Edison company, an investor owned utility (Smith and Cissel 1978, 30). 

Enrico Fermi 1 was the largest breeder reactor in the world upon its completion in 1963, with an 

output of 200 MWt and 66 MWe (Cochran et. al. 2010, 95). In October 1966, the reactor 

suffered a meltdown (Cochran et. al. 2010, 95), inspiring the anti-nuclear book and song “We 

Almost Lost Detroit”. Although the reactor was repaired and returned to operation in 1970, it was 

decommissioned in 1972, having achieved an extremely low capacity factor of 3.4% in 1971 

(Cochran et. al. 2010, 95). While Fermi 1 failed commercially, liquid metal fast breeder reactor 

development pressed on. 

 
Picture 21. A postcard linking the development of the Enrico Fermi breeder reactor outside Detroit with the city’s 
automobile industry (Credit: Untitled, 196x). 
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4.3.4 Molten Salt vs. Sodium 
 

Although the molten salt reactor had no future as an aircraft propulsion source, 

development continued with a focus on civilian applications of the technology. The first 

challenge for Oak Ridge’s civilian molten salt reactor program came in 1959, when the Atomic 

Energy Commission decided to cut down on the number of reactor programs it was funding and 

select only a few for further development (MacPherson 1985, 374). The molten salt reactor was 

evaluated against two other liquid core technologies, the aqueous homogenous reactor and liquid 

bismuth reactor (MacPherson 1985, 374). The Task Force decided to abandon the other concepts 

and selected the molten salt reactor for continued funding (MacPherson 1985, 374). 

By 1960, it was determined that graphite could withstand prolonged exposure to nuclear 

salts in a molten salt reactor, and attention shifted towards the possibility of creating a breeder 

reactor (LeBlanc 2010, 1646). It was hoped that by using graphite, a two-fluid design could be 

built (LeBlanc 2010, 1646). One fluid would consist of fissile materials for creating and 

sustaining the reaction, while the second fluid would consist of fertile materials capable of being 

converted into fissile materials, or possibly nuclear waste that could be transmuted into fissile 

materials or less dangerous substances. To test the new concept, the 8 MWt Molten Salt Reactor 

Experiment was built and operated between 1965 and 1969, experiencing “great success” 

(LeBlanc 2010, 1646). Operation of the reactor revealed problems with corrosion and irradiation 

damage of the Hastelloy N alloy used in the reactor, and these problems were addressed by 

altering the composition of the alloy and nuclear salts (LeBlanc 2010, 1646). This development 

came at a crucial time in the development of breeder reactor technology. 

In 1967, the Atomic Energy Commission’s report on civilian nuclear power predicted a 

large increase in commercial nuclear power capacity in the United States (Buck 1983, 5). To 
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avoid a fuel shortfall, it called for the development of the liquid metal fast breeder reactor (Buck 

1983, 5). Molten salt reactor advocates chose to wait until the Molten Salt Reactor Experiment 

design had successfully operated to expand their program, but advocates for liquid metal fast 

breeder reactors proposed an elaborate program for the development of their technology 

(MacPherson 1985, 375). 

Liquid metal fast breeder reactors plans called for construction of the Clinch River 

Reactor demonstration facility in Oak Ridge, Tennessee, as well as the Fast Flux Test Facility in 

Richland, Washington (Buck 1983, 5-6). The Atomic Energy Commission thought it was too 

risky to scale up components from existing reactors to the size of Clinch River, so the Fast Flux 

Test Facility would serve as an interim step (Cochran et. al. 2010, 98). Experience gained from 

operation of the Fast Flux Facility would be used to help with the Clinch River reactor (a 975 

MWt/350 MWe unit) that would be operated by the federal Tennessee Valley Authority utility 

(Cochran et. al. 2010, 101). Clinch River was to be the final test reactor, after which 

commercialization was expected to occur (Cochran et. al. 2010, 101). These efforts made liquid 

metal fast breeder reactors the Atomic Energy Commission’s largest civilian power program in 

1967, and it remained the highest priority of the civilian nuclear program until 1977 (Cochran et. 

al. 2010, 95-96). 

Molten salt reactor advocates took years to bring forward their own proposal. By the time 

the molten salt reactor team was ready, the expensive liquid metal fast breeder reactors program 

had begun and there was no interest in funding an alternative (MacPherson 1985, 375). In 1972 

Oak Ridge proposed a $350 million program over 11 years to develop a molten salt reactor 

demonstration reactor (MacPherson 1985, 376). However, the liquid metal fast breeder reactors 

program was spending large amounts of money – nearly $400 million per year by 1975 – and 
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there was not enough funding for the proposal (MacPherson 1985, 376). In January 1973, Oak 

Ridge was directed to terminate the molten salt reactor program (MacPherson 1985, 376). 

However, in 1974 the program was revived, and Oak Ridge requested $720 million for a more 

ambitious 11-year program. This proposal was also rejected and molten salt reactor development 

was finally terminated in 1976 (MacPherson 1985, 376). 

There is some controversy over why the molten salt reactor design was cancelled. While 

there is broad agreement that a tightening budget for nuclear research played a role (MacPherson 

1985, 376; Cochran et. al. 2010, 99), there is debate over the role of politics and technology. One 

argument is that molten salt reactor technology failed to gain a strong political constituency. The 

molten salt reactor was the only major nuclear reactor design theorized after World War II, and 

the only one developed outside of Argonne National Laboratory, the main civilian reactor 

research laboratory (MacPherson 1985, 376). Apart from its base of scientists working at Oak 

Ridge, the technology was largely unknown (MacPherson 1985, 376). The concentration of 

molten salt reactor technology at Oak Ridge left it at a disadvantage relative to other reactor 

technologies with broader and more established scientific, industrial, and political support 

throughout the United States, such as the liquid metal fast breeder reactor (MacPherson 1985, 

376). This would be in line with Kemp et. al.’s transition Problem 3, “Distributed Control,” as 

developments of molten salt technology at Oak Ridge failed to dissipate to Argonne and other 

laboratories. 

Another argument can be made on technical grounds. After the early 1960s, the Atomic 

Energy Commission had no interest in further power reactor research. It was an incubation niche 

for breeder reactors and other technologies capable of averting what was thought to be a looming 

uranium shortage. While the molten salt reactor had some unique features relative to other 
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reactor designs, such as easier purification of its liquid fuel relative to solid fuel designs 

(MacPherson 1985, 374), the Atomic Energy Commission determined that it was likely to have a 

lower breeding ratio (Cochran et. al. 2010, 99). This made the molten salt reactor less attractive 

as a breeder reactor. Ironically, by avoiding Kemp et. al.’s transition Problem 1, “Ambivalence 

About Goals,” and pursuing a singular focus on breeder reactor technology, the Commission was 

unable to focus on ways of resolving unsolved environmental, safety, and waste issues. While 

molten salt reactor technology may have had potential as a power reactor, the Atomic Energy 

Commission was looking for designs suitable for the breeder reactor niche and the molten salt 

reactor failed to gain traction. 

4.3.5 Nuclear Safety and the 1967 Price-Anderson Act Review 
 

Rapid advances in nuclear technology soon rendered the 1957 WASH-740 study 

obsolete. The nuclear reactors of the early 1960s were nearly six times more powerful than those 

of the mid 1950s, and operational experience was providing more insight into potential problems 

(Downey 1986, 397). Safety systems were also improving (Rip 1986, 7-8). The Atomic Energy 

Commission attempted to prove that the risks posed by nuclear technology were low, but 

contracted studies found the consequences of nuclear incidents to be high, with insufficient 

experience available to calculate the probability of an incident (Downey 1986, 398). There was 

not enough information to prove that the technology was either safe or dangerous, and the 

agency took the position that a meltdown and large radiation release would be an “incredible 

event” (Downey 1986, 398). Accordingly, the Atomic Energy Commission placed few 

regulatory constraints on the industry, requiring only reasonable safeguards (Downey 1986, 397). 

Health risks and other issues with nuclear technology were seen as problems to be resolved as 
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the technology developed, rather than a reason not to deploy nuclear technology (Downey 1986, 

397). 

With the Price-Anderson Act coming up for renewal in 1967, the Atomic Energy 

Commission asked Brookhaven to estimate the probability of an incident occurring (Rip 1986, 7-

8). Following a period of intense debate between the Atomic Energy Commission and 

Brookhaven, in which the Brookhaven team said it would be “charlatanism” to make predictions 

about probability given the scarce data on nuclear energy risks, the two teams were unable to 

find an acceptable formula and decided not to release a report (Rip 1986, 7-8). 

As a result of the impasse, the Atomic Energy Commission initiated a $3 million 

probability study from Norman Rasmussen at the Massachusetts Institute of Technology. The 

study was released in 1975 as WASH-1400, and while it was considered a major achievement in 

the development of risk analysis, it was criticized on technical and political grounds, leading 

Congress to create its own panel to review the results in 1977 (Rip 1986, 8). The Lewis Panel 

found the information about relative probabilities and accident sequences to be a key 

achievement of the Rasmussen report, but thought the risks may be understated due to the small 

amount of information it was based on. The Rasmussen report also failed to quantify common 

cause failures (Rip 1986, 8). The 1975 Reactor Safety Study found the probability of nuclear 

incidents was higher than believed, but that consequences were lower than initially thought. 

Human error was found to have the potential to turn a controllable event into a major incident 

(Rechard 1999, 776), as a spate of nuclear incidents in the 1970s would illustrate. 

4.3.6 The National Environmental Policy Act and Nuclear 
 

The landscape pressures of the environmentalist movement that led to the passage of the 

Clear Air Act in 1963 continued to build throughout the 1960s and 1970s, culminating in the 



101 

passage of the National Environmental Policy Act of 1969. The Act required an environmental 

impact statement for any actions undertaken by the United States federal government. While 

initially there was debate on if the National Environmental Policy Act applied to AEC 

operations, on August 4, 1971, the Federal Court of Appeals ruled that Act did apply (Buck 

1983, 7). It further established that Atomic Energy Commission procedures were not in 

compliance with the Act, and required the Commission to change its environmental impact 

procedures (Buck 1983, 7). Both the Atomic Energy Commission and license applicant would be 

required to take into account environmental and water quality impacts and perform a cost-benefit 

analysis to evaluate the facility against several alternative options (Buck 1983, 7). These changes 

were retroactively applied to all licensed plants as well as those under review (Buck 1983, 7). At 

the time the largest impact from nuclear power was aquatic heat discharges, which have 

extensive impacts on natural habitats (Coplan 2008, 26-27). These impacts can be abated through 

the use of closed cooling cycles and cooling towers (Coplan 2008, 26-27), and many facilities 

were retrofitted or redesigned to include them. 

The application of the National Environmental Policy Act to all power stations, 

especially existing nuclear facilities, may have come as a surprise to utilities. In the years before 

the Act, the utility companies may have discounted the potential of environmental regulations on 

nuclear power. This is understandable given the context of the times, when air and water 

pollution were highly visible issues—in many cases quite literally—and rivers were so full of 

waste they sometimes caught fire. Nuclear power stations do not release air and water pollution 

into the environment during normal operations, so the industry may have felt it would be well 

clear of any new regulations. It was not, and many completed, constructing, and planned 

facilities were required to construct cooling towers to mitigate the impact of their cooling water 
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discharges. The added costs, delays, and uncertainty of environmental regulation may have been 

particularly acute for nuclear energy during the 1970s, as it was a new technology working to 

become part of the socio-technical regime. While the economic costs and delays of compliance 

have been well studied, the impact on retroactive application of the National Environmental 

Policy Act to existing facilities is less clear.  

In addition to new laws, the Atomic Energy Commission began to face additional 

challenges by environmental groups. Consolidated National Interveners, a large environmental 

coalition, began attending Commission hearings on emergency core cooling in 1971 and 1972 

and exposed deficiencies in safety regulations (Hohenemser, Kasperson, and Kates 1977, 27). 

The Union of Concerned Scientists began to put Atomic Energy Commission safety regulations 

under increasing scrutiny, and in 1973 the Sierra Club opposed nuclear energy due to unresolved 

safety, economic, and nuclear waste issues (Hohenemser, Kasperson, and Kates 1977, 27). These 

actions culminated in a third of nuclear license applications being challenged from 1967-1971, 

with only fifteen nuclear power plants ordered after 1974 (Baumgartner and Jones 1991, 1057-

1058). 

4.3.7 The 1973 Energy Crisis 
 

As a result of American support for Israel during the 1973 Yom Kippur War, the United 

States faced a petroleum embargo by many of the Arab members of the Organization of 

Petroleum Exporting Countries. The embargo led to a shortage of petroleum in the United States 

(in addition to many other countries), leading to the 1973 Energy Crisis. In response, President 

Nixon announced a new energy plan, Project Independence, which established a prominent role 

for nuclear energy in the United States and plans for a thousand nuclear reactors by the year 

2000 (Grossman 2009, 295). 
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Project Independence marked the highpoint of federal government support for nuclear 

energy. For decades the nuclear energy program had essentially been the federal energy program 

(Stine 2009, 3), but things were about to change drastically. Shamed by Watergate and facing the 

prospect of impeachment, President Nixon resigned effective August 9, 1974, leaving Project 

Independence without its greatest champion. The Atomic Energy was gone by the end of 1974 as 

well, replaced by the Nuclear Regulatory Commission and the Energy Research and 

Development Administration (Davis 2004, 22). An opening was created for alternatives to 

nuclear energy to gain federal support, and President Ford’s 1975 energy program included 

several of them (Grossman 2009, 295). While former Atomic Energy Commission staffers and 

nuclear energy programs formed the core of the Energy Research and Development 

Administration (Buck 1982, 10-11), solar, coal, shale oil, and energy conservation efforts began 

to receive significant funding (Buck 1982, 4). 

Even the Joint Committee on Atomic Energy began to lose power as other committees 

became involved in nuclear issues. An average of 1.8 congressional committees held hearings on 

nuclear issues between 1944 and 1954, 5.3 between 1955 and 1968, and 14.3 between 1969 and 

1986 (Baumgartner and Jones 1991, 1062). The average number of hearings increased too, from 

5.8 between 1944 and 1954, 15.9 between 1955 and 1968, and 51.3 between 1969 and 1986 

(Baumgartner and Jones 1991, 1062). These numbers demonstrate a growing diffusion of policy 

interest in nuclear power that contributed to the breakdown of the nuclear policy monopoly 

enjoyed by the Joint Committee on Atomic Energy. In the face of scathing criticism from 

activists outside of Congress, the Joint Committee on Atomic Energy was dissolved in August 

1977 (Davis 2004, 23). The Energy Research and Development Administration followed in 
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October 1977, becoming part of the Department of Energy, a cabinet level federal agency (Buck 

1983, 8). 

In the space of a few short years, the federal energy program began to experience several 

of the transition challenges identified by Kemp et. al. that it had previously avoided. More 

stakeholders with competing interests, goals, and views of an ideal energy policy began to take 

part in federal energy policymaking, leading to Problem 1, “Ambivalence About Goals.” Nuclear 

energy policy also suffered from a lack of clear political direction during the 1970s due to the 

collapse of the policymaking monopoly of the Joint Committee on Atomic Energy and Atomic 

Energy Commission and the different energy policy proposals put forward by Presidents Nixon, 

Ford, and Carter, leading to transition Problem 4, “Political Myopia.” 
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Picture 22. A man reads a newspaper announcing the start of gasoline rationing (Untitled, 1973).  
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4.3.8 Nuclear Near-Misses 
 

Price-Anderson gave private industry the confidence to invest in nuclear energy, but by 

the 1970s it was clear the system had some weaknesses. While union leaders, environmentalists, 

and local leaders had begun criticizing nuclear power in the 1960s due to concerns about 

subsidies, environmental impacts, and siting, initially they were ignored (Baumgartner and Jones 

1991, 1056-1057). Policymakers began to pay attention when scientists in the nuclear industry 

began voicing similar concerns and leaking information to outside groups (Baumgartner and 

Jones 1991, 1057). These criticisms would soon be justified by a series of incidents at United 

States nuclear reactors that would eventually culminate in a partial meltdown. 

On March 22, 1975, Browns Ferry – at the time one of the largest nuclear power facilities 

in the world – suffered a forced outage when a worker using a candle to check for air leaks 

accidentally started a fire in a control cable tray shared by both Unit 1 and Unit 2 of the facility 

during construction work for Unit 3 (“Status of the Accident Sequence” 2005, 25). Both 

operating units were safely shut down, but the fire resulted in significant damage to the control 

cables and could have led to loss of reactor control (“Status of the Accident Sequence” 2005, 

25). The Browns Ferry Fire was the closest an American commercial reactor had come to 

suffering a meltdown up to that point, and as of 2016 remains second only to Three Mile Island 

(which did meltdown) in its potential for a meltdown – a 20% probability (“Status of the 

Accident Sequence” 2005, 25). The 1975 Browns Ferry Incident caused $10 million in direct 

damages, but there were almost half a billion dollars in indirect losses to the Tennessee Valley 

Authority due to lost energy revenues, lost guaranteed rate of return on the facility’s capital 

investment, and the cost of power purchases to replace generation capacity lost at Browns Ferry 

(Pryor 1977, 1 and 11). While the Tennessee Valley Authority is a federal utility, these indirect 
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costs would not have been covered by the Price-Anderson Act if the Incident had occurred to a 

private firm. Price-Anderson offers liability insurance for protection of the general public – it 

does not protect utilities from capital losses, revenue losses, and associated expenses (such as 

power purchases) that might stem from a nuclear incident. Although the Browns Ferry reactors 

were repaired and returned to service, the half billion dollars in direct and indirect costs were 

borne entirely by the Tennessee Valley Authority. If the losses had been eligible under Price-

Anderson, they would have been near the $560 million coverage limit in place at the time. 

Less than three years later, on March 20, 1978, Ranco Seco suffered an incident with the 

third highest probability of subsequent failure resulting in core damage after Three Mile Island 

and Browns Ferry – a 10% probability (“Status of the Accident Sequence” 2005, 24). Due to 

instrumentation error, the secondary coolant loop had a steam generator dry-out (“Status of the 

Accident Sequence” 2005, 24). Steam generators are a type of heat exchanger used by 

pressurized water reactors to convert water into steam. During a steam generator dryout, 

secondary coolant water used for power production is lost, leading to the expansion of primary 

coolant loop water used for reactor cooling (“Total loss” 2016). This increases pressure in the 

reactor system and can lead to a loss of primary cooling (“Total loss” 2016). 

Nuclear power regulations began to ramp up in response to the incidents at Browns Ferry 

and Ranco Seco, as well as growing public concern. One 1978 study used an index in which 

regulations with more severe impacts were more highly ranked to determine the impact of 

changing regulations on the nuclear industry (Baumgartner and Jones 1991, 1060). The index 

was 3 in 1967, 12 in 1970, 29 in 1972, 47 in 1975, and 49 in 1977 (Baumgartner and Jones 1991, 

1060). This represents the tightening of rules and regulations surrounding nuclear energy as it 

began expanding out of its niche and into becoming a part of the electricity regime. 
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4.3.9 The Three Mile Island Incident 
 

The incidents at Browns Ferry and Rancho Seco preceded the Three Mile Island Incident, 

the only commercial nuclear reactor incident in the United States to result in a meltdown (“Status 

of the Accident Sequence” 2005, 23). It occurred early in the morning of March 28, 1979, when 

the Unit 2 of the two unit complex suffered a transient event (change in temperature and/or 

pressure) due to loss of feed-water in the reactor (“Status of the Accident Sequence” 2005, 23). 

While this event was controllable in itself, as predicted by WASH-1400, operator error resulted 

in the situation spiraling out of control. The emergency coolant system and cooling pumps were 

accidentally deactivated, resulting in a partial meltdown and the release of radioactively 

contaminated water throughout the complex (“Status of the Accident Sequence” 2005, 23). By 

the evening of March 28, the reactor was seemingly under control (“Backgrounder on the Three 

Mile Island Accident” 2016). However, the Incident was only beginning to escalate. 

On the morning of March 30, “[a] significant release of radiation” took place to relieve 

growing pressure within the reactor, leading to confusion and fear among the public and media 

(“Backgrounder on the Three Mile Island Accident” 2016). In consultation with Nuclear 

Regulatory Commission Chairman Joseph Hendrie, Governor of Pennsylvania Richard R. 

Thornburgh advised pregnant woman and pre-school age children within five miles of the reactor 

to evacuate (“Backgrounder on the Three Mile Island Accident” 2016). 

By the morning of March 31, it was discovered that the pressure increases were a result 

of chemical reactions taking place within the melted fuel (“Backgrounder on the Three Mile 

Island Accident” 2016). A large hydrogen bubble was forming within the reactor, and if oxygen 

was present the bubble could catch fire or explode, damaging the pressure vessel and potentially 

leading to a release of radiation to the public (“Backgrounder on the Three Mile Island Accident” 



109 

2016). This is the same scenario that occurred at multiple reactors at Fukushima Daiichi in 2011. 

The reactor operators raced to reduce the size of the bubble, and by the morning of April 1 had 

succeeded in greatly reducing its size when it was discovered that there was no oxygen present 

(“Backgrounder on the Three Mile Island Accident” 2016). Catastrophe had been averted, and 

the Incident resulted in no fatalities, but the aftermath of Three Mile Island would prove 

significant for the future of the industry. 

 
Picture 23. President Jimmy Carter (center) and Pennsylvania Governor Dick Thornburgh (left) tour the Three Mile 
Island control room on April 1, 1979 (Credit: Kemeny et. al. 1979). 

 



110 

4.3.10 Three Mile Island and the Public 
 

Public concern over Three Mile Island was national in scope. The reactors were only a 

dozen miles away from Harrisburg, the capital of Pennsylvania, and press rapidly converged on 

the area. They soon reported that contractor Babcock and Wilcox had built reactors similar to 

Three Mile Island across the United States, fueling concerns that a similar incident could happen 

elsewhere (Widoff 1982, 223). Press coverage of the Incident was complicated by nuclear 

experts’ use of technical terms while giving explanations and a lack of press and public 

familiarity with the technology. The use of technical terms may have been part of the “deliberate 

cover-ups and suppression of facts” that the utility engaged in during and after the Incident 

(Nelkin 1981, 139). The nuclear industry had been facing significant criticism and challenges 

from various groups in formal settings for over a decade by the time of Three Mile Island. The 

use of overly technical terms and information suppression may have been a carryover from the 

early days of nuclear energy, when the technology was a government secret. By the late 1970s 

that era had long past, but members of the nuclear industry were in a position of expertise, and 

most of the risks being discussed were theoretical. The attempts at information control that might 

have worked for low media attention and largely low salience public hearings might have also 

been attempted at Three Mile Island, only to fail in the high salience environment of a real world 

incident. 

The Incident showed that the health impacts of public anxiety following a nuclear 

incident could exceed those of a radiation release itself (McKinley, Grogan, and McKinley 2012, 

97). The Kemeny Commision, established by President Carter to review the Three Mile Island 

Incident, concluded that while the Incident had a negligible health impact, it resulted in 

significant psychological stress on those affected (Nelkin 1981, 135). As a result of the Incident, 
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a lawsuit was filed seeking redress for emotional trauma inflicted (Widoff 1982, 230). A lawsuit 

was also filed to try to halt the restart of Three Mile Island Unit 1, arguing that it would 

aggravate existing emotional trauma (Widoff 1982, 234), although the lawsuit was unsuccessful. 

Similar lawsuits were filed to avert the restart of nuclear reactors in Japan following the 

Fukushima Daiichi Incident in 2011, although they were also unsuccessful. 

Three Mile Island occurred at a time in which public support for nuclear power was down 

and serious concerns were being raised about its safety. In October 1978, 26% of people thought 

that nuclear power was “very safe” (Nelkin 1981, 136). By April 1979, just after Three Mile 

Island, this had dropped to 21%, further falling to 15% by February 1980 (Nelkin 1981, 136). At 

that time 20% of people wanted to end commercial nuclear power, 47% wanted a freeze in 

construction of new facilities, and only 22% wanted more facilities to be built (Nelkin 1981, 

136). 

Despite these safety concerns, nuclear energy still enjoyed public support in the years 

before Three Mile Island. While opposition to nuclear power grew throughout the 1970s, polls 

repeatedly showed 60% of the public was in favor of nuclear energy and thought it was safe 

(Hohenemser, Kasperson, and Kates 1977, 25). This remained so despite nuclear power 

becoming a major issue among the environmental movement during the 1970s (Hohenemser, 

Kasperson, and Kates 1977, 27). Support and opposition for nuclear power ranged from 60% 

support to 18% opposition in 1970, 60% support to 27% opposition in 1974, 45% support to 35% 

opposition in 1975, 60% support to 28% opposition in 1977, and 50% support to 30% opposition 

in 1979 in a poll taken before TMI (Baumgartner and Jones 1991, 1067-1068). Even polls in 

which the question was framed in terms of the hypothetical construction of a nuclear power plant 

in the respondent’s community found support for nuclear power, with 58% support to 23% 
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opposition in 1971 and 56% support to 24% opposition in 1973 (Baumgartner and Jones 1991, 

1068). However, opposition for local construction of nuclear power plants rose throughout the 

1970s, with opposition being higher than support in 1978, the last poll taken before TMI 

(Baumgartner and Jones 1991, 1068). 

Three Mile Island marked a landscape shift for nuclear power. As a result of increased 

media attention, it became a real world example of what up-to-then had been largely theoretical 

discussions of risk and safety. However, there is some debate on whether Three Mile Island led 

to a loss of support for nuclear energy, or if it coincided with a trend towards decreased support. 

There was still more support for nuclear energy than opposition in the immediate aftermath of 

the Incident (Melville 2013, 2). Public opinion did not begin to flip towards opposition to 

expanded use of nuclear energy until the early 1980s (Melville 2013, 2). The opinion shift may 

be due to people who were previously unsure regarding nuclear power becoming opposed, or due 

to heighted Cold War tensions (Melville 2013, 2). It is interesting to note that the lowest point in 

support for nuclear energy coincided with the 1980s nuclear arms race and increased anxiety 

over the prospect of nuclear war (Melville 2013, 2), especially given that a psychological study 

of Hiroshima survivors found that heighted concerns over the risk of nuclear power may be the 

result of displaced anxieties surrounding nuclear weapons (Hohenemser, Kasperson, and Kates 

1977, 28). 

While public views of nuclear energy may not have had a direct impact on the nuclear 

industry, it could have led to challenges in other areas. For example, the federal government was 

heavily involved in research and development for nuclear technologies, providing the funding 

and support that allowed them to develop in protected niches. With public opposition growing, 

politicians might have been more wary of supporting a controversial technology. This wariness 
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might have extended to utilities and their regulators, who might not have wanted to face the 

increased public scrutiny that would come with nuclear construction, especially with changes in 

policy that made lawsuits for environmental issues possible. 

4.3.11 Three Mile Island and Utilities 
 

Although no one died as a direct result of Three Mile Island, the economic consequences 

the utility faced were massive. The Unit 2 reactor, valued at $1 billion (Widoff 1982, 224), was 

rendered a total loss, and General Public Utilities had to acquire power elsewhere to meet 

demand. The utility asked public utility commissions for a rate increase to help it recoup the 

costs of its investment, but the request was refused as Unit 2 was not supplying utility customers 

with power (Widoff 1982, 224). In addition to the utility’s own losses, nearly $1 billion in 

liability claims were filed against it (Widoff 1982, 224) in both federal and Pennsylvania courts 

(Meehan 2011-2012, 347-349). The utility was unable to seek liability compensation under the 

Price-Anderson Act. The Act only covers “extraordinary nuclear occurrences,” and it was 

determined that the Three Mile Island Incident was not extraordinary (Meehan 2011-2012, 347-

348). 

After the Incident, some experts argued that the then $500 million liability limit was 

unrealistically low and that the Price-Anderson Act should be reviewed (Widoff 1982, 224). As a 

result of Three Mile Island, in 1988 Price-Anderson was amended. The liability coverage was 

increased, and federal jurisdiction was extended to cover all under the Act (Meehan 2011-2012, 

347-349). The amendments also offered a variety of incentives to make it more attractive to seek 

compensation in federal court, although cases filed under Price-Anderson are still based on state 

tort law where a nuclear incident occurs unless inconsistent with the Act (Meehan 2011-2012, 

348-349).  
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4.4 REGIME TRANSITION 

4.4.1 From Energy Crisis to Utility Crisis 
 

The Three Mile Island Incident came at a time when the utility sector was facing 

significant challenges. Economic turmoil and a new move for energy efficiency was reducing the 

growth rate of electricity consumption, forcing utilities to cancel or defer ordering new capacity 

(Widoff 1982, 225). Following the 1973 Energy Crisis, nearly one hundred nuclear power plants 

and 82 coal-fired power plants (a total capacity of 200,000 MW) were canceled (Rhodes 2007, 

15). Slowing demand was not the only problem facing the utility sector. While utilities had been 

considered extremely safe investments in 1965, by 1975 half of all United States utilities had 

seen their debts downgraded and were forced to offer high interest bonds (Baumgartner and 

Jones 1991, 1064-1065), this in the midst of what was already a period of very high interest 

rates. Utilities that had invested heavily in nuclear power saw the worst declines due to cost 

overruns and increasing regulation for nuclear reactors, and “became the pariahs of the 

investment community” (Baumgartner and Jones 1991, 1064-1065). 
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Picture 24. Cherokee Nuclear Power Plant was one of dozens of cancelled reactors. In 1987, the incomplete facility 
was used as a film set for the underwater scenes in the move The Abyss (Credit: Scaglione, xxxx). 

 

Nuclear power had initially been promoted as an inexpensive source of energy, but as 

power plant costs escalated in the 1970s, so did opposition on grounds of cost. Public utility 

commissions ruled utilities could not raise rates to pay for the costs of new power plants until 

after they were completed (Baumgartner and Jones 1991, 1064). Industrial firms that consumed 

large amounts of electricity – such as General Motors and Dow Chemical – realized that large 

rate increases loomed ahead as nuclear plants came online, and they became increasingly 

opposed to nuclear power (Baumgartner and Jones 1991, 1064). Utilities became increasingly 

concerned that they would have to redesign or retrofit their nuclear reactors in response to future 

safety regulations (Widoff 1982, 225), which would pose significant challenges given the high 

capital costs of nuclear expenditures, historically high interest rates of the 1970s and 1980s, and 
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the bond downgrades faced by many utilities. Some nuclear industry sources and investors 

argued that required safety modifications made nuclear power too costly and unattractive (Nelkin 

1981, 133). 

Despite these challenges, the outlook for nuclear energy improved for a brief period in 

the late 1970s. The 1978 National Energy Act, consisting of five pieces of legislation (the 

Energy Tax Act, Natural Gas Policy Act, National Energy Conservation Policy Act, Power Plant 

and Industrial Fuel Use Act, and the Public Utility Regulatory Policies Act) restricted the use of 

petroleum and natural gas for electricity and industrial heat plants, and encouraged the use of 

coal and nuclear energy (“History of Major Energy Policy Landmarks” 2016). The National 

Energy Act also included provisions encouraging energy conservation and the use of renewable 

energy, and had provisions regarding utility regulation and vehicle fuel efficiency standards 

(“History of Major Energy Policy Landmarks” 2016). 

Less than a year after the passage of the National Energy Act, a second energy crisis was 

sparked by the onset of the Iranian Revolution. This led to the passage of the 1980 Energy 

Security Act, which established incentives for renewable energy, particularly solar and 

geothermal (“History of Major Energy Policy Landmarks” 2016). The Energy Security Act also 

established the Strategic Petroleum Reserve and the short-lived Synthetic Fuels Corporation, 

which was planned to produce synthetic fuels to replace imported sources of petroleum (“History 

of Major Energy Policy Landmarks” 2016). Further support for nuclear came when President 

Reagan restored funds for the fast breeder reactor program, lifted the ban on reprocessing and 

signed the Nuclear Waste Policy Act of 1982. However, new reactor orders did not follow and 

none of the legislation came to be implemented as originally intended.  
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4.4.2 Economically Induced Lock-In 
 

The energy crises came as at least one alternative to light water technology was on the 

verge of gaining a foothold in the market. Following the success of the Peach Bottom high 

temperature gas cooled reactor, General Atomics began development of a series of new reactors 

featuring the technology. It offered high temperature gas cooled reactor to steam cycle designs of 

770 MWe to 1160 MWe for sale, and secured contracts for ten high temperature gas cooled 

reactors with American utilities (Kendall 2000, 26). These contracts fell through due to the 

aftermath of the 1973 Energy Crisis, economic recession, and collapse of the nuclear power 

market (Kendall 2000, 26). 

Still, General Atomics pressed on with its high temperature gas cooled reactor program. 

It built a new high temperature gas cooled reactor, Fort St. Vrain, under the Atomic Energy 

Commission’s Advanced Reactor Demonstration Program (Kendall 2000, 25). The 330 

MWe/842 MWt unit was operated by the Public Service Company of Colorado (Kendall 2000, 

25) between 1979 and 1989. While Fort St. Vrain suffered frequent outages, it successfully 

demonstrated a variety of new reactor technologies: TRISO ceramic fuel elements, “reactor 

internals, steam generators, fuel handling and helium purification” systems (Kendall 2000, 25). 

Despite this successful technology demonstration, General Atomics received no further orders 

for its high temperature gas cooled reactors. Light water reactors went on to dominate the United 

States market from the 1970s through to the present day. 

The failure to develop reactor technologies with direct commercial uses in mind might 

have an explanation in the overall landscape of the electricity market. It is interesting to note that 

both pressurized water reactor and high temperature gas cooled reactor technology took about 

twelve years to progress from initial research to the construction of demonstration power reactor 
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facilities. Pressurized water reactor technology began development in 1946, and its first 

demonstration commercial facility (Shippingport) came online in 1957/1958. By the early 1960s 

pressurized water reactor systems were being ordered without government subsidies or 

assistance. High temperature gas cooled reactors and other advanced technologies began 

development around 1956 under the Atomic Energy Commission Power Reactor Demonstration 

Program, and the first demonstration commercial high temperature gas cooled reactor (Peach 

Bottom) came online in 1966. 

While the viability and economics of reactors that were never built can only be estimated, 

it is clear that pressurized water reactors enjoyed significant advantages in both support and 

timing. As the reactor technology for the United States Navy and the only viable technology for 

the first generation of American commercial nuclear reactors, other reactor technologies had to 

catch up to pressurized water reactor technology. By focusing on getting light water reactors to 

market and then moving towards a focus on breeder reactor technology, the Atomic Energy 

Commission brought about Kemp et. al.’s transition Problem 6, “Danger of Lock-in.” When 

these newer technologies were finally ready for commercialization the United States energy 

market was in stagnation or even outright contraction. Had the 1973 and/or 1979 energy crises 

not occurred, more advanced reactor technologies may have had a chance to transition from 

niche solutions and establish a firm foothold in the electricity regime. 

4.4.3 Nuclear Fuel 
 

Nuclear reprocessing offered a potential means of extending the uranium supply prior to 

the commercialization of breeder reactors. In 1966, the Atomic Energy Commission gave the 

Nuclear Fuel Services Company a license to construct the West Valley nuclear reprocessing 

facility near Buffalo, New York (Andrews 2006, 2). West Valley reprocessed fuel for military 
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use between 1966 and 1972, when it shut down for upgrades (Andrews 2006, 3). That same year, 

General Electric ceased construction on its planned reprocessing facility in Morris, Illinois 

(Andrews 2006, 3). In 1974 the Atomic Energy Commission determined that nuclear 

reprocessing facilities required an environmental impact statement under the National 

Environmental Protection Act (Andrews 2006, 3), and in 1976 West Valley was permanently 

closed after it was deemed uneconomical to comply with new regulations (Andrews 2006, 2). 

The facility had never turned a profit, and its $1 billion cleanup cost was left to be borne by the 

public (Coplan 2008, 21). 

In addition to economic and environmental troubles, nuclear energy technology became 

embroiled in controversy over its implications for national security. In 1974, India conducted a 

nuclear test using materials obtained from its CIRUS research reactor (“18 May 1974” 2016). 

CIRUS had been designed, built, and financed by Canada and supplied with heavy water from 

the United States for “peaceful purposes only” (“18 May 1974” 2016). The nuclear test posed a 

serious threat to the new Nuclear Nonproliferation Treaty, and led to the creation of the Nuclear 

Suppliers Group to prevent diversion (“18 May 1974” 2016). It also fueled proliferation concerns 

that led Presidents Ford and Carter to ban commercial nuclear reprocessing in the United States 

(Coplan 2008, 21). 

In 1976 President Ford announced commercial reprocessing should not occur until the 

proliferation risk is resolved (Andrews 2006, 3-4). Following Ford’s announcement, commercial 

reprocessing projects were put on hold (Andrews 2006, 3-4). In 1977, President Ford further 

announced that the United States would indefinitely defer commercial reprocessing and 

recycling of plutonium produced by commercial nuclear reactors (Andrews 2006, 4), a decision 

that was soon expanded upon by President Carter, who prohibited all commercial reprocessing in 
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the United States and canceled the breeder reactor program (Cochran et. al. 2010, 102). President 

Carter also signed the Nuclear Non-Proliferation Act of 1978, which became a cornerstone of 

American foreign policy (Andrews 2006, 4). It limited the export potential of American nuclear 

technologies and placed more pressure on the industry. The Act gave the President the ability to 

implement an annual waiver from the conditions as required, which have been used to allow the 

United States to continue its obligations under the European Atomic Energy Community 

Agreement (Allen 1983, 8). 

In addition to facing new economic and political challenges, the breeder reactor program 

began to encounter development difficulties. Clinch River began to experience significant cost 

overruns, and the breeder reactor program began to seem less relevant in light of the slowdown 

in the growth of nuclear power and electricity demand following the energy crises (Cochran et. 

al. 2010, 102). The Atomic Energy Commission also revised its cost estimates for breeder 

reactors. While prior to 1975 it had assumed that capital costs for breeder reactors would achieve 

parity with light water by 1990, after 1977 the Atomic Energy Commission assumed that breeder 

reactors would always have 25% to 75% higher capital costs, requiring a uranium price of $450 

to $1350 per kilogram to make economic sense (Cochran et. al. 2010, 102). Clinch River was 

cancelled that year by the Carter Administration, but was revived by the Reagan Administration 

in the 1980s (Cochran et. al. 2010, 103). This revival proved temporary, as Congress cut funding 

for Clinch River in October 1983, finally ending the project (Cochran et. al. 2010, 103). 

While Clinch River was cancelled, the Fast Flux Test Facility did become operational. It 

first achieved criticality in 1980 and began tests in 1982 (Cochran et. al. 2010, 98-99). With 

Clinch River cancelled, the primary mission of the Fast Flux Facility was eliminated, but it was 

used for breeder reactor experiments until 1993, when it was deactivated (Cochran et. al. 2010, 
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98-99). Its operations were supported by EBR-II, which continued breeder reactor experiments 

until 1994 (Cochran et. al. 2010, 94). 

4.4.4 Nuclear Waste 
 

Nuclear waste became a politicized issue in the 1970s as well. Ironically, this was 

partially due to the slowdown of growth in the industry. With fewer reactors coming online, the 

economic case for nuclear reprocessing and breeder reactors unraveled, compounding the waste 

problem. Reprocessing and breeder reactors would have significantly reduced the amount of 

nuclear waste to be disposed of, and the use of such technology (as done in France) would allow 

for a large amount of nuclear waste to be used as fuel in thermal or breeder reactors, with the 

remaining (and significantly smaller amount) waste stored for future use or disposal. Without the 

use of reprocessing and breeder technology, a large permanent site was required to store nuclear 

“waste” that otherwise could be used to generate massive amounts of energy. The federal 

government effectively owns all United States spent nuclear fuel under the 1954 Price-Anderson 

Act amendments, and its further assumption of responsibility for permanent disposal under the 

Nuclear Waste Policy Act of 1982 has generated a long term political struggle over what 

constitutes safe storage and where a storage site should be built. 

The Nuclear Waste Policy Act of 1982 was intended to find a permanent solution for 

nuclear waste in the United States. Initially the Act included two repositories to ensure regional 

equity, one in the Eastern United States and a second in the Western United States (Kunreuther 

et. al. 1990, 470). The selection process for the West proceeded first, with the Department of 

Energy deciding to focus on Yucca Mountain in Nevada, Deaf Smith County in Texas, and 

Hanford Reservation in Washington (Kunreuther et. al. 1990, 470). When the process reached 
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the stage of selecting three Western sites to analyze, the regional equity provision was dropped 

and all activity for a site in the East ceased (Kunreuther et. al. 1990, 470). 

In December 1987, Congress amended the Nuclear Waste Policy Act of 1982 and 

selected Yucca Mountain as the sole site for a nuclear waste repository (Kunreuther et. al. 1990, 

469). The choice of site selection appeared to be based on political considerations, given 

Nevada’s small population and its correspondingly small representation in Congress and the 

Electoral College at the time (Kunreuther et. al. 1990, 470).While the amendments authorized 

federal grants to Nevada of $10 million per year during site development and $20 million per 

year once the site became operational, the selection of Yucca Mountain attracted significant 

opposition by political leaders in Nevada (Kunreuther et. al. 1990, 469-470). Yucca Mountain 

likely played a key role in the career of Nevada Senator Harry Reid, who eventually rose to 

become Majority Leader of the United States Senate. While Yucca Mountain was scheduled to 

open in 2010 (Rechard 1999, 793) and has actually been completed, Senator Reid used his clout 

to ensure Yucca Mountain would never open. Congress’ actions in selecting Yucca Mountain as 

the sole national nuclear waste repository and the subsequent rise of vehement Yucca Mountain 

opponent Harry Reid to a position of prominence can be seen as an example of Kemp et. al.’s 

transition Problem 4, “Political Myopia.” While Congress and Senator Reid made choices that 

were in their best interests, the result was a national nuclear waste problem. As a result, there is 

no permanent facility in the United States for the disposal of nuclear waste, and spent fuel is kept 

at the reactors that generate it (Tomain 2005, 231). Even if Yucca Mountain had opened on time, 

it would soon have been incapable of holding all the civilian nuclear waste generated in the 

United States (Coplan 2008, 20).  
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4.4.5 Nuclear Collapse 
 

Nuclear energy was one of many technologies competing for public support following the 

energy crises. Environmentalists were able to push forward a vision of clean renewable energy, 

that led the government to begin research and development. The coal industry was able to find 

support from an American public wary of reliance on foreign petroleum, leading to coal’s 

promotion as a secure American fuel source. Faced with spiraling cost overruns, unresolved 

nuclear waste problems, and safety concerns – especially after Three Mile Island and Chernobyl 

– nuclear energy was unable to put forward a positive vision for itself. Even its association with 

the military was no longer positive. While nuclear weapons had an image of having won World 

War II and being the guarantee of American security in the 1940s and 1950s, by the 1970s and 

1980s they were seen as an existential risk to humanity, and any association with nuclear had 

negative connotations. 

4.4.6 Later Developments 
 

After the 1973 Energy Crisis, coal and nuclear continued to gain significant market share 

well into the 1980s. This is despite the fact that no new nuclear reactors started construction after 

the late 1970s (construction began on four new reactors in the 2000s). By 1979 coal and nuclear 

had a respective market share of 46.96% and 11.58%, which increased to 52.81% and 18.08% by 

1989. These gains of 5.85% and 6.50% (a total of 12.35%) came as petroleum and natural gas 

fell and saw a combined decrease of 11.53% while hydropower decreased from 12.22% to 9.16% 

of total electricity consumption during the same period. Petroleum fell out of favor due to 

significant cost increases and national security concerns over decreasing domestic production. 

The future of natural gas looked particularly bleak, as it was thought to be in short supply and 
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United States pipeline infrastructure was limited (Ratner and Glover 2014, 21). The 1978 Fuel 

Use Act went as far as to ban new natural gas powered facilities in the United States while 

establishing a timetable to phase-out existing natural gas fired generation (Ratner and Glover 

2014, 21). As a result, natural gas declined as a percentage of total electricity production 

throughout the 1980s. 

In 1991 nuclear achieved a capacity factor of 70% for the first time (“US Nuclear 

Generating Statistics” 2016), making it a qualified baseload energy resource (Nicholson, Biegler, 

and Brook 2010, 2). While it has been decades since a new operational nuclear plant has come 

on line, nuclear energy has maintained its 20% market share of electricity consumption even as 

domestic demand has increased. Nuclear energy’s market position has been achieved though 

capacity factor improvements that rose from 70.2% in 1991 to a high of 91.8% in 2007 (“US 

Nuclear Generating Statistics” 2016). 

While electricity consumption in the United States has remained largely stagnant since 

2000, movements in the electricity sector have primarily been shifts from coal-fired generation to 

natural gas. From 2000-2011 coal has declined from 51.76% market share to 44.92% while 

natural gas has grown from 14.75% to 20.04% over the same period. This shift in market share 

between coal and natural gas has been largely due to ongoing changes in the Clean Air Act and 

falling natural gas prices. Nuclear energy has maintained its market position, and wind energy 

surged from 0.14% of electricity consumption in 2000 to 2.91% in 2011. 

Nuclear energy might have seen similar rapid growth – a “Nuclear Renaissance” – if not 

for the onset of the Great Recession. Following passage of the 2005 Energy Policy Act, which 

included provisions encouraging the use of renewable and nuclear energy, utilities began 

announcing plans for dozens of new reactors across the United States. In July 2007, plans for 28 
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reactors at 19 sites were being explored (Andrews and Wald 2007). The nuclear industry was 

expecting to seek $25 billion in loan guarantees in 2008, with another $50 billion in 2009 and 

2010 (Andrews and Wald 2007). However, as of 2016, only four new nuclear power plants have 

begun construction. Existing nuclear power facilities are becoming less competitive in the face of 

rising costs with age – the average American nuclear power plant is now 36 years old – and at 

four reactors have closed down since 2012 (Neuhauser 2016). 

4.4.7 The Role of Public Opinion 
 

The primary obstacle to more widespread nuclear energy use is public acceptance (Brook 

2012, 4). However, this may not be as large a threat as commonly perceived. 49% of American 

voters are favorable to nuclear energy, while 44% are opposed and 7% are undecided 

(“Republicans, Clean Energy” 2015). Studies have shown that given a choice between nuclear 

energy or climate change, people shift in favor of nuclear energy (Visschers and Siegrist 2011, 

3622). Given that the average person has difficulty understanding the probability of a nuclear 

incident (Visschers and Siegrist 2011, 3622), it may be worth highlighting that nuclear energy is 

actually a very safe technology. A European Commission study of 4290 energy related incidents 

which excluded pollution and climate change effects (themselves significant) found that per 

terawatt hour of electricity, there are an average of 25 fatalities for coal, 12 for biomass, 4 for 

natural gas, and 0.2 for nuclear and renewable energy (Brook 2012, 7). Increasing the public’s 

trust in policy actors involved with nuclear energy (such as regulators) can help reduce risk 

perceptions and increase acceptance, and is best accomplished when policy actors share the same 

values as the public (Visschers and Siegrist 2011, 3628). Nuclear energy is favorable from an 

environmental and safety perspective, so increasing the transparency of regulatory bodies such as 

the Nuclear Regulatory Commission can help to assuage public concerns. 
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In some cases, opposition to nuclear energy can be irrational. While there is significant 

public concern about the effects of radiation from nuclear power stations, coal fired power plants 

have been found to release more radiation than nuclear power plants (Melville 2013, 5). Coal 

fired power stations also routinely emit pollution that contributes to environmental and health 

damage, but because the impacts are not as immediate nor as dramatic as a nuclear incident they 

face far less public scrutiny and outcry than nuclear power stations (Melville 2013, 7). 

Nuclear incidents are classified using the International Nuclear and Radiological Event 

Scale, with 1 being the least severe and 7 being the most severe (Mukhopadhyay, Hastak, and 

Halligan 2014, 163-164). Each number represents an incident ten times more severe than the 

preceding number (Mukhopadhyay, Hastak, and Halligan 2014, 163-164). The scale leaves out 

some nuances that may not be clear to the public and may even be a bit subjective (McKinley, 

Grogan, and McKinley 2012, 89). For example, Fukushima was ranked as a level 7 incident, and 

afterwards was compared to the Chernobyl Incident (the only other incident to have a ranking of 

7) (McKinley, Grogan, and McKinley 2012, 89). This is interesting in that the risks the public 

were exposed to by Fukushima were actually more comparable to those from the level 5 

Windscale Fire Incident (McKinley, Grogan, and McKinley 2012, 92). It is also interesting to 

note that the 1979 Three Mile Island Incident had an International Nuclear and Radiological 

Event Scale ranking of 5, while the 1961 explosion at the prototype SL-1 Army reactor near 

Idaho Falls, Idaho (which killed 3 operators and remains the only incident with direct fatalities in 

the history of American nuclear power), had an International Nuclear and Radiological Event 

Scale ranking of 4 (Mukhopadhyay, Hastak, and Halligan 2014, 165). Apart from Chernobyl, 

nuclear incidents have generally resulted in economic consequences but little in the way of 
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health consequences. The public has remained fearful of nuclear incidents regardless of severity 

since Three Mile Island (McKinley, Grogan, and McKinley 2012, 92). 

Nuclear incidents are rare, but when they happen they have a sudden and dramatic effect 

(Melville 2013, 7). Chernobyl may be memorable because it is the only disaster of its magnitude 

to have occurred in the history of nuclear power (Melville 2013, 6). Three Mile Island and 

Fukushima are arguably “successful” failures, as they were able to contain far more of their 

radiation compared to Chernobyl (which did not feature a containment facility), which caused 

many casualties and considerable environmental and economic impact (Melville 2013, 7). 

4.4.8 Technical Solutions 
 

The electricity sector represents 32% of world greenhouse gas emissions (Nicholson, 

Biegler, and Brook 2010, 2). 

Today the United States nuclear industry is “very weak,” having seen little investment 

since the Three Mile Island Incident in 1979 (Schmid 2006, 5). Many industry specialists are 

retiring, and there has been difficulty attracting new workers to replace them (Schmid 2006, 5). 

The industry also faces difficulties with public opinion, and nuclear waste disposal is still an 

unresolved issue (Schmid 2006, 1). Current nuclear energy research and development funding is 

a fraction of what it was in the 1970s (Cochran et. al. 2010, 104). To compensate for this, a 

variety of international efforts have been launched. The Global Nuclear Energy Partnership, 

founded in 2006, calls for proliferation resistance to be achieved through reactor design and 

limiting the spread of enrichment and reprocessing technology to guard against the failure of 

international safeguards (Schmid 2006, 2). It divides the world between fuel suppliers and fuel 

receivers. 
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There are also two government funded nuclear energy research and development groups. 

The Generation IV International Forum, started in 2001, seeks to develop advanced reactor 

designs suitable for deployment after 2030 (Cochran et. al. 2010, 104). In 2002 six reactor 

designs were selected for research, including three fast breeder reactor designs (Cochran et. al. 

2010, 104). Another international collaboration, the International Project on Innovative Nuclear 

Reactors and Fuel Cycles, was created by the International Atomic Energy Agency in 2001 

(Cochran et. al. 2010, 104). It consists of Russia and other countries that the United States does 

not have agreements with to participate in the Generation IV Forum (Cochran et. al. 2010, 104). 

Generation IV reactor designs promise to be safer, more cost effective, and faster to build 

than prior designs (Brook 2012, 6). Generation IV designs may also be capable of operating on 

plutonium together with thorium (Brook 2012, 6), which can help with efforts to prevent nuclear 

weapons proliferation. Plutonium can be used as a material for nuclear weapons and thorium is 

incapable of weapons use, so using them as fuel can help with efforts to reduce nuclear weapons 

proliferation. 

Alternative nuclear fuels and other options can help to make nuclear energy an essentially 

“inexhaustible” energy resource (Nicholson, Biegler, and Brook 2010, 7). The conversion 

efficiencies of nuclear fuel can be dramatically improved through the use of thorium fuel, 

nuclear reprocessing, and breeder reactors (Nicholson, Biegler, and Brook 2010, 7). Nuclear 

reprocessing involves recycling nuclear fuel, as only a very small fraction of its potential energy 

is used during a typical fuel cycle. Reprocessing the fuel supply could extend current uranium 

reserves to meet demand for the next 3,000 years (Brook 2012, 6). Breeder reactors produce 

more nuclear fuel than they consume through a nuclear process known as transmutation, and can 

further extend fuel supplies and even use nuclear waste as fuel (“Fast Neutron Reactors” 2015). 
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Combined, reprocessing and breeder reactors would be sufficient to meet global energy demand 

for hundreds of millions of years, which some argue makes nuclear energy essentially 

inexhaustible (Cohen 1983, 1). While this may sound like science fiction, the principles have 

been tested and are already in use. Reprocessing is commonly performed in France, Japan, and 

many other nations, and around 20 prototype breeder reactors have accumulated approximately 

400 reactor years of operation (an average of 20 years of operation per reactor) since the 1950s 

(“Fast Neutron Reactors” 2015). 

One of the main challenges for nuclear energy in the United States is securing financing. 

Nuclear reactors often face longer construction times as well as higher interest rates for financing 

than fossil fuel plants, lowering their competitiveness (Nicholson, Biegler, and Brook 2010, 8). 

Because nuclear plants are so capital intensive, doubling interest rates essentially doubles the 

cost of power from a nuclear power plant (Nicholson, Biegler, and Brook 2010, 8). To 

compensate for this, the low interest federally guaranteed loan program from the 2005 Energy 

Policy Act (Energy Policy Act of 2005) can be extended, granting utilities constructing nuclear 

reactors access to the same interest rates as other energy projects. 

4.4.9 Nuclear Safety and Liability 
 

Since its original passage in 1957, Price-Anderson has been amended in 1966, 1975, 

1988 and was recently renewed by the Energy Policy Act of 2005 with an extension through 

December, 2025 (Meehan 2011-2012, 341-345). Not until 2005 were amendments enacted that 

increased Price-Anderson liability protection to a level sufficient to meet the non-inflation 

adjusted claims made against General Public Utilities stemming from the Three Mile Island 

Incident. Despite the liability system established under Price-Anderson, the safety risks of 

nuclear power remain a major point of debate when it comes to meeting future power generation 
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needs (Heyes and Liston-Heyes 2000, 196). The liability issue is especially salient given the 

costs Tokyo Electric Power Company faces after the 2011 Fukushima Incident. 

In 2005, the Price-Anderson amendments also increased the required financial 

contributions to $375 million in private protection and $111.9 million to the Secondary Financial 

Protection Program, plus 5% for legal costs per reactor (Meehan 2011-2012, 349). The pool 

contribution amount was set to adjust every five years for inflation (Meehan 2011-2012, 344-

345). As of 2012 the Secondary Financial Protection Program covered 104 nuclear reactors and 

$12.6 billion in reserve funds (Meehan 2011-2012, 345). 

Should an incident occur, the primary insurance protection comes from the reactor’s own 

coverage, with secondary insurance from the pool, and tertiary insurance from the United States 

federal government (Meehan 2011-2012, 344-345). Should private insurance and the pool be 

exhausted, Congress will determine if any additional relief is required (Meehan 2011-2012, 345). 

The federal government is not required to cover any shortfalls, but is committed under the Price-

Anderson Act to investigate the incident and take any action deemed prudent, from appropriating 

federal funds to requiring additional industry commitment (Nutter 2002, 285). 

Because Price-Anderson limits nuclear liability, some argue that it has increased moral 

hazards that would arise through the market, since those who may incur great costs may share 

only slightly in the coverage of those costs (Levendis, Block, and Morrel 2006, 39). Some argue 

the Act encourages an over-installation of nuclear capacity, while others suggest it provides 

nuclear operators with “too little incentive” to avoid incidents or to prevent them from expanding 

beyond the threshold of their economic liability since the marginal liability is zero past the point 

of maximum liability (Heyes and Liston-Heyes 2000, 197). 
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While this argument makes some economic sense, it would require a hyper-rational 

perspective to dominate nuclear insurance (which is not the case). A firm would be unlikely to 

take large risks because it could prove ruinous in many ways beyond the simple direct cost of an 

incident. Potential profits from the sale of power are lost if a facility is damaged or destroyed. 

Large amounts of money would be lost due to contracting out for large blocks of power to 

replace lost capacity in the event of a nuclear incident. Any incident brought about by trying to 

act in a hyper-rational manner would also cause the firm responsible significant reputational 

damage, and potentially end the use of nuclear energy in the United States. Three Mile Island, 

Chernobyl, and Fukushima led many nations to ban nuclear power. Given today’s energy 

environment, a major nuclear incident in the United States could lead to the same, especially 

since unfavorable action could occur at the local, state, and/or federal level. 

Another criticism of Price-Anderson is that it encourages a trend towards larger nuclear 

reactors. Some argue that if private insurance was required, utilities might purchase smaller 

reactors instead of larger ones to mitigate risk, because in the event of an incident smaller 

reactors are likely to result in less damage than larger ones (Levendis, Block, and Morrel 2006, 

44). This outcome could be achieved in a rather straightforward manner by modifying the Price-

Anderson structure to one based on reactor power output/capacity. 

4.4.10 Reactor Costs: A Long Term International Perspective 
 

Most studies of nuclear energy learning curves have found negative learning, but they 

relied mostly on data from the United States and France (Lovering, Yip, and Nordhaus 2016, 

372). Due to its small sample size, such studies have been unable to analyze country-level 

effects, and they have also been limited by the fact that until the mid-2000s no new reactors had 

started construction in the United States (in 2007 construction on Watts Bar Unit 2 in Tennessee 
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resumed for the first time since 1980, and in 2012 new licenses were approved for Vogtle Units 3 

and 4 in Georgia and Virgil C. Summer Units 2 and 3 in South Carolina) since 1978 and France 

since 1984 (Lovering, Yip, and Nordhaus 2016, 373). A more comprehensive study of 349 light 

water, heavy water, and gas cooled reactors – 58% of the world total – in seven countries found 

that the American and French experiences were by no means representative of the international 

experience with nuclear energy (Lovering, Yip, and Nordhaus 2016, 373). 

To compare costs, the study uses overnight construction costs which “includes the costs 

of the direct engineering, procurement, and construction services that the vendors and the 

architect-engineer team are contracted to provide, as well as the indirect owner’s cost, which 

include land, site preparation, project management, training, contingencies, and commissioning 

costs. The overnight construction cost excludes financing charges known as interest during 

construction (Lovering, Yip, and Nordhaus 2016, 372). These findings are especially important 

given the high interest rates and extended construction periods that impacted American reactors 

in the 1970s. 

Distinct periods can be seen in the American experience. In the United States 18 

demonstration reactors were completed between 1954 and 1958 (Lovering, Yip, and Nordhaus 

2016, 375). Overnight construction costs declined from a high of $6800 per kW capacity to a low 

of $1300 per kW capacity as reactor outputs increased from 80 MW to 620 MW, suggesting an 

economy of scale effect (Lovering, Yip, and Nordhaus 2016, 375). The total decrease was 81% 

over the period, or an annualized rate of decrease of 14% (Lovering, Yip, and Nordhaus 2016, 

375). Fourteen nuclear reactors ordered in the United States between 1962 and 1968 cost more to 

construct than their turnkey contract prices because companies were attempting to gain an early 

foothold in the industry and gain market share (Lovering, Yip, and Nordhaus 2016, 373). An 
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additional 14 reactors were built during the Turnkey Era from 1964 to 1967, with overnight 

construction costs ranging between $1000 and $1500 per kW capacity as reactor outputs 

increased to 800 to 1100 MW (Lovering, Yip, and Nordhaus 2016, 375). 

The first non-turnkey reactor, Palisades, was ordered in 1967 at a cost of $650 per kW 

capacity (Lovering, Yip, and Nordhaus 2016, 375). The 48 reactors completed before Three Mile 

Island began construction between 1967 and 1972 (Lovering, Yip, and Nordhaus 2016, 375). 

Costs range from $600 to $900 per kW capacity to $1800 to $2500 per kW capacity (Lovering, 

Yip, and Nordhaus 2016, 375). The overall trend in this era is an increase of 187%, or an 

annualized rate of increase of 23%, driven primarily by safety requirements from pre-Three Mile 

Island incidents at Browns Ferry and Ranco Seco (Lovering, Yip, and Nordhaus 2016, 375). A 

total of 88 reactors were impacted by the 1971 Calvert Cliffs decision that applied environmental 

regulations to nuclear reactors, including retrofit requirements (Lovering, Yip, and Nordhaus 

2016, 375). There was a “break in construction” around this time in 1971 and 1972 due to 

increasing environmental regulations (Lovering, Yip, and Nordhaus 2016, 375). 

The final 51 reactors began construction between 1968 and 1978 and finished after Three 

Mile Island (half the nearly one hundred commercial nuclear reactors built in the United States) 

had 2.8 times higher median costs and 2.2 times longer median construction periods than those 

completed earlier (Lovering, Yip, and Nordhaus 2016, 375). The overnight construction cost 

varies from $1800 per kW capacity to $11000, with the mid-range around $3000 to $6000 per 

kW capacity (Lovering, Yip, and Nordhaus 2016, 375). A trend of 50% to 200% higher costs at 

an annualized rate of increase of 5% to 15% is visible for reactors that started construction in 

1970 (Lovering, Yip, and Nordhaus 2016, 375). 
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Since overnight construction cost does not include the cost of interest during 

construction, the fact that real construction costs during this period exceeded the already 

extraordinarily high rate of inflation suggests factors beyond interest on financing (such as 

licensing, regulatory delays, and retrofit requirements) played a key role in the escalation of costs 

(Lovering, Yip, and Nordhaus 2016, 375). The levelized cost breakdown for reactors in the study 

was largely consistent across time and country, at 55% overnight construction costs, 15% for 

interest during construction, 15% operations and maintenance and decommissioning fund, and 

15% for fuel (Lovering, Yip, and Nordhaus 2016, 374). In contrast to the overall experience of 

nuclear energy, on average interest during construction accounted for 46% of the total upfront 

cost of an American nuclear power plant (Lovering, Yip, and Nordhaus 2016, 374). To put this 

in perspective, one study found that interest during construction would comprise 12% of the 

construction cost of a reactor with a 5% cost of capital and five year construction period, but 

54% of the construction cost of a reactor with a 15% cost of capital and ten year construction 

period (Lovering, Yip, and Nordhaus 2016, 374). 

The American experience is also atypical in its cost escalation. American reactors that 

started construction in 1970 experienced 50% to 200% higher costs at an annualized rate of 

increase of 5% to 15%. This is similar to Germany’s experience of a 200% total increase 

between 1973 and 1983 and an annualized cost increase of 12% (Lovering, Yip, and Nordhaus 

2016, 376). However, the rate of increase in most countries was much lower. Japanese reactor 

construction costs increased by 100% between 1970 and 1980 for an annualized increase of 8% 

(Lovering, Yip, and Nordhaus 2016, 377). France saw costs increase 50% to 100% between 1971 

and 1991 at an annualized rate of 2% to 4% (Lovering, Yip, and Nordhaus 2016, 376), and 

Canada saw increases of increases between 1971 and 1985 at 60%, and an annualized rate of 
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increase of 4% (Lovering, Yip, and Nordhaus 2016, 376-377). In South Korea costs fell 25% 

between 1972 and 1993 for the nine reactors imported from the United States, France and 

Canada, for an annualized decrease of 2% (Lovering, Yip, and Nordhaus 2016, 378). While most 

nations ceased constructing new reactors in the 1980s, in two that did, Japan and South Korea, 

costs have been remarkably stable since 1980 and 1989, respectively, showing annualized cost 

changes of between -1% and 1% (Lovering, Yip, and Nordhaus 2016, 378). 

Countries that used standardized designs, such as France and South Korea, have more 

stable costs than those that do not (Lovering, Yip, and Nordhaus 2016, 379). Countries that built 

reactors in pairs or at the same site, such as France, Canada, and Korea, have lower costs than 

countries that do not, such as the United States, Germany, and Japan (Lovering, Yip, and 

Nordhaus 2016, 379). The cost history of the United States is a global outlier because no new 

reactors started construction after 1978 (Lovering, Yip, and Nordhaus 2016, 379). This means 

the United States only has a history of cost increases following Three Mile Island, mainly 

because there were no reactors build afterwards that might have seen cost stability or decreases. 

The cost history of nuclear energy suggests that the experience of early adopters (the United 

States and France in this context) may not necessarily be applicable to that of later adopters 

(South Korea) (Lovering, Yip, and Nordhaus 2016, 380).  
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4.5 OBSERVATIONS  
 

Before nuclear energy technology was commercialized for civilian use, the United States 

energy regime was in a state of Regime Reproduction, dominated by coal and hydropower (see 

Charts 5, 6, and 7). While there were developments in nuclear reactor technology, none were 

intended for civilian power generation. In 1942, Chicago Pile 1 – the first nuclear reactor – 

proved controlled nuclear fission was possible. By 1944, the gas graphite X-10 Graphite Reactor 

and light water B Reactor had come online. These innovations in nuclear technology were not 

intended for power generation and were used to produce plutonium for the Manhattan Project. 

The 1946 Atomic Energy Act placed the assets of the military’s Manhattan Project under civilian 

control, but national security remained the focus of the Commission. Foreign nations were barred 

from information about American nuclear technology, and private ownership of nuclear reactors 

was forbidden. Nuclear weapons and military nuclear reactors – especially Navy pressurized 

water reactors – were top priority, while civilian applications for nuclear energy were literally 

the last priority of the Commission. 

The vast power and close linkages of the Atomic Energy Commission and Joint 

Committee on Atomic Energy helped the early American nuclear program overcome three of the 

six main transition challenges identified by Kemp et. al. Problem 1, “Ambivalence About 

Goals,” and Problem 3, “Distributed Control,” were avoided by the clear national security 

purpose established under the 1946 Atomic Energy Act and the centralization of decision making 

under the legislative administrative hybrid. The unique structure of the Joint Committee on 

Atomic Energy also avoided Problem 4, “Political Myopia,” by involving both houses of 

Congress and both parties in nuclear program decision making. 
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Two of the six main transition challenges identified by Kemp et. al. were raised by the 

significant role Rickover and the United States Navy played in the early development of nuclear 

reactors, Problem 2, “Uncertainty About Long-Term Effects,” and Problem 6, “Danger of Lock-

in.” Given the Navy’s critical role in the development of nuclear energy for both naval and 

commercial uses, and the technological inertia and path dependency/lock-in for light water 

reactors generally and pressurized water reactors specifically, Rickover’s influence in the vital 

niche incubator of Naval Reactors may have played a crucial role in shaping the course of 

nuclear energy’s development in the United States. His role at both Naval Reactors and the 

Atomic Energy Commission may have helped to create a dominant coalition for light water and 

pressurized water reactors, and established a focus on safety over cost and performance goals 

(Bierly, Gallhager, and Spencer 2014, 30-31). 

In 1953 President Eisenhower announced the Atoms for Peace initiative and committed 

the United States to the development of peaceful uses for nuclear energy in collaboration with 

foreign nations. However, it was still illegal for information to be shared with foreign states until 

the passage of the 1954 Atomic Energy Act, which allowed for information sharing and private 

ownership of nuclear reactors in the United States. In 1954, the Atomic Energy Commission 

launched its Power Reactors Demonstration Program and committed to the construction of five 

experimental nuclear power plants within five years. Due to the Navy’s development of and 

preference for light water technology, the boiling water reactor and pressurized water reactor 

built under the program would go on to commercial success (see Chart 3). 

The Navy was not alone in exploring nuclear energy as an energy source for its strategic 

weapons platforms. Kemp et. al.’s transition challenge Problem 1, “Ambivalence About Goals,” 
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was absent as the military services and Atomic Energy Commission began developing nuclear 

reactors to meet the national security goals of the United States – both military and civilian. 

Despite the diversity of early reactor types, pressurized water reactor technology had a 

lead over competing technologies due to its selection and years of development by the Navy 

(Problem 6, “Danger of lock-in”). The technology was well advanced along its learning curve, 

and alternatives were unable to catch up (Cowan 1990, 544-545). Technologies that operate 

according to the principles of learning-by-doing or learning-by-using can see early use of a 

technology snowball into dominance (Cowan 1990, 543). This is especially critical during the 

initial phases of development in the context of Multi-Level Perspective, when an inferior 

technology may dominate the market if it offers greater benefits sooner than a potentially 

superior technology with a longer development process (Cowan 1990, 544). Due to increasing 

returns, the number of times a technology was chosen in the past can also impact what is used in 

the future (Cowan 1990, 543). 

As discussed earlier, two of the six main transition challenges identified by Kemp et. al. 

occurred due to the Navy’s key role in early nuclear reactor development: Problem 2, 

“Uncertainty About Long-Term Effects,” and Problem 6, “Danger of Lock-in.” Light water 

technology was the most advanced technology in the United States at the time, having been 

found successful in tests of the S1W pressurized water reactor at Idaho Test Station in the early 

1950s, as well as the BORAX series boiling water reactors (Cowan 1990, 560). Rickover’s ties 

to the light water pressurized water reactor that powered the Navy’s nuclear powered ships 

ensured pressurized water reactor technology saw eight years of continuous development 

between 1946 and 1954, when Atoms for Peace was announced. As a result, pressurized water 

reactor technology was selected for the first large scale commercial nuclear reactor built in the 
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United States at Shippingport, Pennsylvania, with Rickover placed in charge of construction 

(Cowan 1990, 561-563). Shippingport took nearly two years to build and came online in 1957 

(Marcus 2010, 77-78). 

The United States utility industry remained hesitant to invest in nuclear energy due to the 

risks and potential liability involved, which led to the passage of the 1957 Price-Anderson 

Nuclear Indemnities Act. That same year, the United States government signed an agreement 

with European Atomic Energy Community, securing most of the European nuclear market for 

American light water reactor technology. 

The European Atomic Energy Community Agreement led many to believe that light 

water technology had won out over gas cooling (Cowan 1990, 553). Kemp et. al.’s transition 

challenge of Problem 3, “Distributed Control,” was avoided through the concerted action of the 

United States government and private firms in crafting the Agreement. It also led to Problem 2, 

“Uncertainty About Long-Term Effects” and Problem 6, “Danger of Lock-in,” as the market for 

alternatives to light water technology became significantly constrained. After the European 

Atomic Energy Community Agreement, American light water reactor technology was rapidly 

adopted by countries without their own domestic nuclear reactor designs, and all American 

reactors ordered in the early 1960s were light water (Cowan 1990, 548-549). Light water gained 

a head start over competing technologies, and more advanced reactor technologies were unable 

to secure market share (Cowan 1990, 563). As light water reactors began to see rapid adoption, 

their technology and production economics improved. A study by W.E. Mooz found that as the 

number of nuclear plants built by an architect-engineering firm such as Westinghouse or General 

Electric doubled, construction times and costs both fell by around 10% (Cowan 1990, 551). 

France abandoned gas graphite in favor of light water in 1969, followed by the United Kingdom 
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in 1978, leaving Canada as the only nation marketing a technology other than light water with its 

heavy water CANDU reactors (Cowan 1990, 548-549). Alternative reactors seeking to enter the 

commercial market faced a regime increasingly standardized on light water nuclear reactor 

technology. 

Despite these breakthroughs, nuclear energy would not take off in the United States 

market until 1963, when the passage of the Clean Air Act began a period of Regime 

Reorganization. The Act created an opening for petroleum and nuclear generation to gain market 

share relative to coal. Nuclear energy received a further boost when reactor manufacturers began 

offering fixed price turn-key contracts for their reactors. These opportunities led to the start of 

the Great Bandwagon Market for nuclear energy, with utilities flocking to place orders. By the 

mid-1960s the Atomic Energy Commission declared nuclear power to be successfully 

commercialized. This occurred well before nuclear energy achieved the 5% to 20% market share 

that Geels and Schot argue marks the point at which a niche is fully developed. Even by 1970, 

nuclear had still not achieved a 5% market share (see Chart 9). 

By the mid-1960s, most of the firsts in nuclear technology had been accomplished and 

light water reactors could be considered relatively mature (Marcus 2010, 79). The Atomic 

Energy Commission was faced with Kemp et. al.’s transition Problem 2, “Uncertainty About 

Long-Term Effects” and Problem 5, “Determination of Short-Term Steps for Long-Term 

Change” in determining the next steps of the nuclear power program. Ultimately, the 

Commission declared nuclear power generation technology successfully commercialized 

(Dooley 2008, 8) and limited its role to basic research, leaving the nuclear industry to explore 

engineering features (Downey 1986, 396). Experts assumed hundreds of nuclear reactors would 

soon be built to meet the rapidly growing electricity requirements of the United States, and 
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Atomic Energy Commission staff grew increasingly concerned about the scarcity of uranium 

(Dooley 2008, 8). Commission focus shifted away from power reactors and towards breeder 

reactor development. 

By the late 1960s and early 1970s the landscape began to turn against nuclear energy. 

The 1969 National Environmental Protection Act required an environmental impact statement 

for any actions undertaken by the United States federal government. Originally targeted at the 

fossil fuel industry, debate swirled regarding the Act’s applicability for Atomic Energy 

Commission activities, and on August 4, 1971, the Federal Court of Appeals ruled it did apply. 

The court also ordered the Commission to change its environmental impact procedures and 

retroactively apply them to facilities under review, being built, and that have already been 

completed. Many facilities are retrofitted or redesigned to include cooling towers to minimize the 

impacts of their heat discharges on aquatic life. 

The energy landscape also began to contract in the 1970s. In 1973 the Arab members of 

the Organization of Petroleum Exporting Countries placed an embargo on the United States in 

retaliation for its support of Israel during the Yom Kippur War. The embargo created a shortage 

of petroleum and led to the 1973 Energy Crisis, the phase-out of petroleum fired power 

generation, and a move towards greater energy conservation. In the aftermath of the crisis plans 

for over 200,000 MW of coal and nuclear capacity were cancelled and many utilities saw a debt 

downgrade. 

The political regime in support of nuclear also began to fall apart. In August 1973, 

President Nixon, whose Project Independence nuclear power plan called for greater use of 

nuclear energy, resigned from office due to the Watergate Scandal. The Atomic Energy 

Commission and Joint Committee on Atomic Energy were phased out within the next few years, 
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while conservation and other forms of energy received increased federal government attention 

and funds. 

In the space of a few short years the federal energy program began to experience several 

of the transition challenges identified by Kemp et. al. that it had previously avoided. More 

stakeholders with competing interests, goals, and views of an ideal energy policy began to take 

part in federal energy policymaking, leading to Problem 1, “Ambivalence About Goals.” Nuclear 

energy policy also suffered from a lack of clear political direction during the 1970s due to the 

collapse of the policymaking monopoly of the Joint Committee on Atomic Energy and Atomic 

Energy Commission and the different energy policy proposals put forward by Presidents Nixon, 

Ford, and Carter, leading to transition Problem 4, “Political Myopia.” 

As environmental, safety, and proliferation concerns increased, the costs for nuclear 

power escalated and made the technology less competitive. Nuclear was assisted by the 1978 

National Energy Act, which restricted the use of petroleum and natural gas for electricity and 

industrial heat plants and encouraged the use of coal and nuclear. However, a second energy 

crisis in 1979 and the meltdown at Three Mile Island had a dramatic impact on the utility 

industry in general and nuclear energy specifically. 

While the viability and economics of reactors that were never built can only be estimated, 

it is clear that pressurized water reactors enjoyed significant advantages in both support and 

timing. As the reactor technology for the United States Navy and the only viable technology for 

the first generation of American commercial nuclear reactors, other reactor technologies had to 

catch up to pressurized water reactor technology. By focusing on getting light water reactors to 

market and then moving towards a focus on breeder reactor technology, the Atomic Energy 

Commission brought about Kemp et. al.’s transition Problem 6, “Danger of Lock-in.” When 
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these newer technologies were finally ready for commercialization the United States energy 

market was in stagnation or even outright contraction. Had the 1973 and/or 1979 energy crises 

not occurred, more advanced reactor technologies may have had a chance to transition from 

niche solutions and establish a firm foothold in the electricity regime. 

In December 1987, Congress amended the Nuclear Waste Policy Act of 1982, and 

selected Yucca Mountain as the sole site for a nuclear waste repository (Kunreuther et. al. 1990, 

469). The choice of site selection appeared to be based on political considerations, given 

Nevada’s small population and its correspondingly small representation in Congress and the 

Electoral College at the time (Kunreuther et. al. 1990, 470).While the amendments authorized 

federal grants to Nevada of $10 million per year during site development and $20 million per 

year once the site became operational, the selection of Yucca Mountain attracted significant 

opposition by political leaders in Nevada (Kunreuther et. al. 1990, 469-470). Yucca Mountain 

likely played a key role in the career of Nevada Senator Harry Reid, who eventually rose to 

become Majority Leader of the United States Senate. While Yucca Mountain was scheduled to 

open in 2010 (Rechard 1999, 793) and has actually been completed, Senator Reid used his clout 

to ensure Yucca Mountain would never open. Congress’ actions in selecting Yucca Mountain as 

the sole national nuclear waste repository and the subsequent rise of vehement Yucca Mountain 

opponent Harry Reid to a position of prominence can be seen as an example of Kemp et. al.’s 

transition Problem 4, “Political Myopia.” While Congress and Senator Reid made choices that 

were in their best interests, the result was a national nuclear waste problem. As a result, there is 

no permanent facility in the United States for the disposal of nuclear waste, and spent fuel is kept 

at the reactors that generate it (Tomain 2005, 231). Even if Yucca Mountain had opened on time, 
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it would soon have been incapable of holding all the civilian nuclear waste generated in the 

United States (Coplan 2008, 20). 

It appears the United States electricity regime actually entered into a phase of Regime 

Transition sometime in the early 1990s, when nuclear energy achieved a 20% market share of 

and a capacity factor over 70%, establishing it as a baseload energy resource (see Charts 3, 6, 

and 11). Nuclear power became part of the socio-technical regime, largely due to the inertia built 

up in the 1960s and early 1970s. Since around the time of the first energy crisis in 1973, no new 

plants were ordered in the United States for over three decades, and many facilities were 

canceled. While nuclear energy has held a 20% share in the United States market since the 

1990s, this has largely been achieved due to capacity factor increases and a low/no growth 

situation overall for the United States electricity market. 

Nuclear energy might have seen similar rapid growth – a “Nuclear Renaissance” – if not 

for the onset of the Great Recession. Following passage of the 2005 Energy Policy Act, which 

included provisions encouraging the use of renewable and nuclear energy, utilities began 

announcing plans for dozens of new reactors across the United States. In July 2007, plans for 28 

reactors at 19 sites were being explored (Andrews and Wald 2007). The nuclear industry was 

expecting to seek $25 billion in loan guarantees in 2008, with another $50 billion in 2009 and 

2010 (Andrews and Wald 2007). However, as of 2016, only four new nuclear power plants have 

begun construction. Existing nuclear power facilities are becoming less competitive in the face of 

rising costs with age – the average American nuclear power plant is now 36 years old – and at 

four reactors have closed down since 2012 (Neuhauser 2016).  
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4.6 INSIGHTS FOR SUSTAINABILITY TRANSITIONS 
 

Problem 1, “Ambivalence About Goals,” results from sustainable energy development 

being a subjective concept, with no agreed upon definition (Kemp et. al. 2007, 316). While there 

are a variety of views on how to go about sustainability transitions, one way to mitigate 

ambivalence is to identify parameters that constitute stability (Kemp et. al. 2007, 316), as 

opposed to particular technologies that should be used to achieve it. An example of this can be 

seen with the Dutch sustainability transition program, which involved a variety of actors and 

came up with three goals for a future 2050 energy system: 1) it is clean (defined as producing 

50% less CO2), 2) affordable, and 3) reliable (Kemp et. al. 2007, 321). 

In the United States, nuclear energy was pursued first for national security (Cold 

War/Third World energy), then for profit, then for energy independence and reducing the risk of 

fuel scarcity, and is now being promoted to fight climate change. Renewables are currently being 

pursued to build domestic industry (a lot come from China/Europe), promote clean energy and 

reduce reliance on fossil fuels. Ironically, renewables need rare earths to be produced, rely on 

natural gas for integration, and are produced in China, which does not have strong environmental 

safeguards and uses coal extensively for its electricity system. 

Problem 2, “Uncertainty About Long-Term Effects,” occurs due to a lack of clarity about 

the consequences – intended and unintended – of government action (Kemp et. al. 2007, 317). It 

also occurs due to shifts in norms and culture (Kemp et. al. 2007, 317). This problem can be 

mitigated by gradual adoption of new technologies and the maintenance of technological 

diversity to prevent lock-in (Kemp et. al. 2007, 317). This can be done through the use of small 

scale experiments involving niche technologies in order to better analyze and mitigate potential 

issues (Kemp et. al. 2007, 323). 
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As an example, government regulations directed at coal contributed to increases in the 

use of petroleum and nuclear, which led to issues later when both experienced cost increases due 

to unanticipated challenges. The 1970s energy crises illustrated the risks of disruptions and price 

fluctuations that could occur due to the United States’ reliance on petroleum imports. Nuclear 

faced environmental, safety, and nuclear waste issues in the 1970s that proved difficult to solve 

and costly to mitigate. 

After the energy crises, petroleum was phased out for national security and economic 

reasons. Increases in hydropower generation were difficult due to most large sites being built 

already, and also due to increasing concern about environmental impacts.  This left only coal and 

nuclear to meet growing demand, and both had issues to work out. Coal was more established 

and had an advantage in overcoming some of its challenges. It was able mitigate some of its air 

pollution by furthering development of flue gas desulfurization, a technology that had been used 

on some British power plants – Battersea, Swansen, and Fulham – during the 1930s (“A History 

Of Flue Gas Desulfurization” 1977), but whose development had ceased during World War II. 

Crucially, coal was also able to obtain an Environmental Protection Agency exemption for fly 

ash, residue produced from the combustion of coal that contains (“Hazardous Waste Exclusions 

Guidance Document” 2007). Nuclear, which had not emerged from its niche, was forced to solve 

safety, waste, and environmental issues across a variety of reactor types and manufacturers in an 

environment of constantly shifting regulations. Ultimately, this gave coal a significant – and 

perhaps unintended – competitive advantage. 

New regulations against coal and in favor of renewables are leading to growth in 

renewable energy, and also to some extent natural gas. Since natural gas is the only source of 

energy with enough operating flexibility to integrate renewable power – other than hydropower, 
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which has little room for development – the current approach risks a lock-in scenario. Such a 

lock-in would be problematic because it reduces market flexibility. Most of the natural gas boom 

is due to the lower prices for natural gas that have been achieved as a result of fracking. If 

fracking were to become more expensive or even prohibited, the increased cost of natural gas 

would cause damage to the electricity industry and wider economy. This concern is particularly 

acute in light of recent studies, which have found evidence of negative externalities associated 

with fracking, such as methane release from production sites (McKibben 2016). 

Problem 3, “Distributed Control,” occurs as a result of power being split across both 

government agencies and private actors (Kemp et. al. 2007, 317). This problem can be mitigated 

by utilizing “joint decision-making and network management” (Kemp et. al. 2007, 317). In the 

Netherlands, a special government agency, the Interdepartmental Programme Directorate Energy 

Transition, was created to coordinate government action (Kemp et. al. 2007, 323-324). 

United States nuclear decisions were fragmented from the start. The National Security 

Council told the Atomic Energy Commission to develop commercially viable nuclear reactors, 

which prior to that direction had been the last priority of the Atomic Energy Commission. 

Despite this fragmentation of landscape level nuclear policy, the Atomic Energy Commission 

still represented a centralized point for nuclear promotion, regulation, and policy promotion. 

Because the United States Navy had an interest in nuclear power for submarines and other 

warships before anyone else, the Atomic Energy Commission used a nuclear reactor it had 

originally designed for a Navy aircraft carrier for the first commercial nuclear test plant, 

Shippingport. This gave the Navy’s preferred technology, the pressurized light water reactor, a 

competitive advantage relative to other types of nuclear reactors. Through his dual commission 

in the United States Navy and Atomic Energy Commission, Hyman Rickover was able to 
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advance his preference for light water reactor technology beyond the Navy. Later the Atomic 

Energy Commission/Nuclear Regulatory Commission engaged in a regulatory battle with the 

Environmental Protection Agency over the handling of nuclear waste and environmental 

protection. 

Renewable power is similarly fragmented today, although to a much greater extent than 

was nuclear. While there are federal renewable power subsidies, states have independently 

implemented renewable portfolio standards and other initiatives to encourage the use of 

renewable energy, as well as offer subsidies. The Environmental Protection Agency has 

proposed the Clean Power Plan, which would require using less carbon intensive energy 

generation, but as of 2016 the Plan exists only as an executive branch directive. The Plan has 

federal support from the Obama Administration, but Congress opposes it, and the Plan has been 

stayed by the U.S. Supreme Court. As an executive branch directive instead of a federal law, the 

Clean Power Plan is vulnerable to being overturned by a new Administration. 

Problem 4, “Political Myopia,” occurs when short-term political changes result in 

changes in government policy (Kemp et. al. 2007, 318). This problem poses significant 

challenges and can only be mitigated if transition policies enjoy broad political support (Kemp 

et. al. 2007, 318). 

Nuclear energy had the support of the President and the bipartisan Joint Committee on 

Atomic Energy (composed of House and Senate members) until sometime in the 1970s. This 

gave the nuclear policy system unrivaled stability. Bipartisan support began to falter with the 

dissolution of the Joint Committee on Atomic Energy and the adoption of a more cautious policy 

towards nuclear energy by Presidents Ford and Carter in the wake of India’s 1974 nuclear test. 
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Support for renewable energy is less stable than nuclear when it was at a similar level of 

development/market share. Federal renewable energy subsides are renewed every few years. The 

Clean Power Plan is an executive directive, and vulnerable to being overturned by the United 

States Supreme Court or a new President. Mandates and subsidies that exist at the state level can 

be overturned by new groups that come to power. For example, Governor Chris Christie pulled 

New Jersey out of participation in the Regional Greenhouse Gas Initiative, which is a regional 

cap and trade compact between several states in the Northeastern United States. 

Problem 5, “Determination of Short-Term Steps for Long-Term Change,” occurs due to 

the difficulty of knowing how short term actions will impact the long term (Kemp et. al. 2007, 

318-319). There are no clear ways to mitigate this problem (Kemp et. al. 2007, 318-319). 

The breeder reactor program was originally needed to compensate for what were believed 

to be scarce nuclear fuel supplies when the program started during World War II. Later, uranium 

was found to be more plentiful than initially expected, but the program continued because 

anticipated future growth in nuclear energy was still expected to lead to uranium shortages. 

Despite the energy crises and stagnation in electricity demand starting in the 1970s, the breeder 

reactor program continued until its cancelation in the early 1980s. 

Renewable energy and climate change mitigation may experience future challenges due 

to decisions taken today. Because renewable energy facilities are site dependent, early facilities 

will be built on the best possible spots. This means that future sites with improved technology 

will have to be built at more marginal sites until older facilities have to be replaced. Renewable 

energy facilities also require storage or natural gas (or hydropower, where available) for grid 

integration. While advocates are hopeful that improvements in technologies and procedures will 
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reduce the need for integrating power sources, if these developments do not occur as expected 

renewable energy may become reliant on natural gas systems to function. 

Problem 6, “Danger of Lock-in,” occurs when decisions designed to achieve optimal 

short term outcomes result in sub-optimal long term outcomes (Kemp et. al. 2007, 319). This 

problem can be mitigated through “use of a portfolio of options,” which is a strategy “widely 

practiced in finance and large business” (Kemp et. al. 2007, 319). 

Lock-in is particularly troubling when “privileged” niches exist. There was an issue of 

privileged niches in United States nuclear development. Light water power reactors and sodium 

cooled breeder reactors were favored among the options for nuclear energy, while gas cooled 

reactors and molten salt reactors never enjoyed the same political support. As a result, these 

promising technologies failed. Renewable energy may also encounter lock-in that reduces 

flexibility. Most activity and promotion has been in favor of wind and solar, while other 

technologies such as geothermal and ocean thermal energy conversion have not seen as much 

attention. 

Multi-Level Perspective studies have found that in most cases, transitions have involved 

adopting not only a new socio-technical regime, but also greater consumption (Whitmarch 2012, 

7). A sustainability transition would have to overcome this trend (Whitmarch 2012, 7). While 

this challenge is helped by the stagnant demand for electricity demand in the United States since 

2000, it also means that new technologies are unable to ride along with demand growth to help 

establish market share.  
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5 LIMITATIONS 

5.1 LIMITATIONS AND CRITICISMS OF THE MULTI-LEVEL PERSPECTIVE 
 

The Multi-Level Perspective can be viewed as “a heuristic device that can be used to 

organise sets of data about long term, complex and competitive technological trajectories, one 

which privileges the choices and worldviews of the (not necessarily self-critical) analyst,” or it 

could be used to better understand different “images” of change held by various actors in a 

system (Genus and Coles 2008, 1442). The subjective nature of the levels of analysis in the 

Multi-Level Perspective makes it difficult to operationalize them, and also complicates the 

process of examining transitions that are currently in progress, as opposed to historical (Genus 

and Coles 2008, 1442). Several issues have been raised regarding the Multi-Level Perspective. 

These include: 

1) Difficulty defining transitions due to their varying characteristics and nature (Genus 

and Coles 2008, 1440). The only commonality in the literature is that transitions often occur 

when the dominant socio-technical regime has become weakened (Genus and Coles 2008, 1440). 

To make the transition theory in this study more objective, market share of electricity 

consumption is being used as a key metric of mapping the progress of transitions. 

2) An underappreciation of the role of agency, politics, and society in shaping socio-

technical regimes and transitions, including a tendency to view “winning” technologies as the 

ones that have proven themselves to be the most economically efficient (Genus and Coles 2008, 

1440). This study explores how light water became the breakout technology for nuclear in the 

United States, despite doubts about its economic merits relative to other nuclear technologies. 

Power and politics played a crucial role, not only in the selection of light water technology for 

commercial power reactors, but in a variety of critical decisions about the United States 
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commercial nuclear program. Intriguingly, national security played a decisive role in the very 

decision to start a commercial nuclear power program in the United States, with the Eisenhower 

Administration and National Security Council pushing a hesitant Atomic Energy Commission. 

Later, national security concerns brought about a tightening of export controls in the 1970s, 

presenting further challenges for an industry reeling from the stagnation of electricity demand 

and reactor orders following the energy crises. 

3) A general focus on the technical aspects of the socio-technical regimes, with the social 

aspects often neglected (Genus and Coles 2008, 1441). While Multi-Level Perspective studies 

often relegate the public to being consumers of products and services, as opposed to being actors 

that shape niches and regimes through activities such as activism (Whitmarch 2012, 5-6), the 

public and activists have had a profound impact on the course of United States energy policy. 

This study uses a variety of sources, including opinion polls, to see how views regarding nuclear 

energy shifted over time. The views of wider society and politicians played a crucial role in 

slowing the growth of nuclear energy from the 1970s onwards, through increased opposition and 

regulations and reduced support for publically funded research and development. 

4) Using a historical case study approach that often relies on a limited number of 

secondary sources used without critical analysis, rather than a variety of primary documents 

(Genus and Coles 2008, 1441). A variety of sources, including primary sources such as 

interviews, as well as contemporary academic research, are utilized in this study to expand upon 

more recent secondary sources and academic research. 

5) The crucial role that a researcher’s own interpretations play in data selection and 

interpretations, which are often not explained/justified and which make study replication difficult 

(Genus and Coles 2008, 1441-1442). Objective information about things such as poll numbers 
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and energy consumption by source are used to help justify explanations and conclusions to help 

allow this study to be replicated.  
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5.2 STUDY LIMITATIONS 
 

There are some important limitations to be made regarding the recommendations of this 

paper. While an exhaustive list is not possible, three major areas come to mind: 1) technological 

and procedural uncertainties, 2) climate uncertainties, and 3) resource uncertainties. 

The first of these, technological uncertainties, arises due to the relatively underdeveloped 

nature of non-fossil fuel energy technologies and the procedures to use them. Currently, nuclear 

technology is largely limited to large light water nuclear reactors of over 1 GWe output. 

Alternative reactor technologies and sizes (in particular smaller units) are currently 

underdeveloped by comparison. However, there is an extensive operating experience for nuclear 

power units dating back to the mid-1950s. With the exception of wind, solar, and some 

geothermal applications, non-hydropower renewable energy is also underdeveloped. The 

operating experience for non-hydropower renewable energy sources is not as extensive as for 

other forms of energy generation due to its low total output. This is especially the case given its 

combination of non-dispatchable and intermittent power generation characteristics that require 

the development of new technological and operational developments to fully utilize. The current 

solution to non-hydropower renewable’s non-dispatchable and intermittent nature is to utilize 

hydropower and/or natural gas to help with system integration and smooth out periods of low 

and high output. However, this solution poses challenges due to the climate and resource impacts 

of using natural gas. It also cannot help in situations of high energy conditions, when renewable 

power production surges and produces more energy than the grid can fully utilize. While there 

are proposals for using new technologies and procedures such as energy storage and arbitrage to 

enhance the use of renewable energy, these potential solutions have yet to be demonstrated on a 
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large scale and rely on materials such as rare earth metals that are limited in supply and 

economically and environmentally costly to acquire. 

There are also some uncertainties with regards to how technological change may lead to 

alterations in electricity demand. There is currently a push for vehicles powered by electricity 

and other alternative fuels (such as hydrogen). If these vehicles become popular, it will require 

greatly increasing generating capacity to service the new loads. 

The second, climate uncertainties, arises due to gaps in knowledge regarding how climate 

change processes work. In addition to differences between models and other means of measuring 

climate change impacts, there may also be gaps in our knowledge of how human activity impacts 

climate change. For example, recent research suggests that the natural gas boom – in particular 

hydraulic fracturing techniques – may have more environmental consequences than initially 

expected. There are some suggestions that the lifecycle emissions of power stations fueled by 

natural gas produced by hydraulic fracturing may have more climate impacts than the coal fired 

power generation they have in many cases replaced (McKibben 2016). If confirmed by future 

research, these findings could have a significant impact on United States and world energy 

policy, as fracking operations may be curtailed or prohibited, driving natural gas prices to much 

higher levels. It would also complicate climate change mitigation efforts. While these claims will 

require further research, it is a sign of the uncertainties inherent to the climate change discussion. 

There are also uncertainties in how climate change might impact electricity production 

and usage. As of 2016, drought is a major issue in much of the Western United States. It is 

possible that the ability to produce electricity may decrease as water levels decline at 

hydroelectric facilities (such as Hoover Dam’s Lake Mead, at historically low levels) and put 

stress on bodies of water that supply coolant to thermal power stations. At the same time, 
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electricity demand may increase due to higher temperatures and/or a demand for fresh water, 

possibly produced at electricity intensive desalinization facilities. 

Lastly, there are uncertainties regarding resources, especially fossil fuels. As illustrated 

by Bartlett, growing energy consumption can significantly complicate efforts at keeping up with 

demand, putting particular stress on limited resources such as fossil fuels. Many sources today 

cite decades worth of fossil fuel resources being available, but often with the caveat that it is at 

present consumption levels. While electricity demand has been stagnant for almost two decades 

in the United States, it is unclear if that trend will hold. Additionally, the abundance of key 

resources – especially petroleum and natural gas – is due to increasing use of hydraulic 

fracturing technology. This controversial technology has many prominent politicians (including 

presumptive 2016 Democratic presidential nominee Hillary Clinton) concerned about its 

continued use. Should the technology face greater regulation and/or outright prohibition, 

quantities and prices for fossil fuels produced using hydraulic fracturing will change 

dramatically. In addition, increased consumption of natural gas to support the Clean Air Act and 

renewable energy integration purposes will lead to rapid depletion of natural gas supplies. 

As can be seen by all three of these limitation areas, there is a substantial amount of 

interaction between them. These concerns can only be addressed through a holistic approach 

seeking to combat all these challenges at once.  
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6 RECOMMENDATIONS 

 The fate of nuclear power has important implications for renewable energy policy. While 

renewables receive significant subsidies, the United States electricity market is no longer rapidly 

growing and pro-renewable policies are fragmented across the states. This may explain why 

renewable energy has a smaller market share than nuclear was able to acquire at a similar level 

of development. It may also make the renewable energy transition more vulnerable to disruption 

when it begins to show signs of being economically viable on its own merits and subsides are 

removed. If renewable energy is to avoid becoming a “zombie regime” like nuclear energy, it 

may require subsidies to continue for a period after it has achieved commercial viability to ward 

off any disruptions and ensure that the new technologies are able to become a more secure part 

of the regime. 

Nuclear energy required a tremendous amount of government funding and support to get 

started. This funding and support – reinforced by a centralized pro-nuclear actor in the form of 

the Atomic Energy Commission – propelled nuclear energy’s growth, but nuclear also benefitted 

from the electricity landscape of the time. The 1963 Clean Air Act created an opening in the 

energy regime that was exploited by both nuclear energy and petroleum. Both niches were 

helped along by robust overall growth in electricity consumption. The combination of 

government support and an expanding electricity market helped give nuclear energy the inertia to 

become part of the regime despite the stagnation that began in the 1970s. With its competitive 

advantages eroded, nuclear was unable to grow any further after federal support was cut off. 

Nuclear energy had been commercially viable in the energy market of the 1960s and early 1970s, 

but its underlying environmental, safety, and economic issues proved problematic in the 

constrained landscape of the 1970s. Arguably, despite having a market share that qualifies it as 

part of the regime, future growth in nuclear energy will require treating it as a niche technology – 



158 

at least briefly – with all appropriate supports. The facilities currently operating were brought 

online in an environment very different from the conditions that prevail today, and the 

economics of energy do not favor constructing new nuclear facilities if the energy produced is 

forced to compete with natural gas and renewable energy sources that currently enjoy mandates, 

preferences, price supports, and other preferential treatment. 

 Ironically, even in the current environment of constrained growth, there may be a 

potential regime opening for renewable energy in the coming decades. Nuclear energy currently 

represents almost 20% of the United States electricity market (see Charts 3, 5, 6, and 13). As of 

2016, the facilities have an average age of 36 years and face increasing operating costs as they 

age. With nuclear licenses starting at 40 years and extendable to 60 (an option that is often taken 

up and approved), the average United States nuclear power station will be retired within 24 

years. Unless nuclear energy becomes more economically attractive than it is today, it is unlikely 

that those nuclear facilities will be replaced with new ones (for an international perspective on 

the implications of aging nuclear power stations, see Figure 5). Given preference for renewable 

energy and its increasing economic viability, this creates a prime opening for market 

cannibalization. 
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Figure 5. As of 2006, a significant amount of new nuclear construction was required simply for nuclear energy to 
maintain its existing capacity, with more for it to gain market share and reduce greenhouse gas emissions (Credit: 
Hughes 2012). 
 

Acquiring market share from the demise of nuclear energy would be a viable option for 

renewable energy, cement its position as a regime, and even be a profitable endeavor, but it 

would fail to achieve the landscape goals behind the promotion of renewable energy. Renewable 

energy is being pursued to reduce environmental and climate change impacts, and to increase 

energy security. Without the development of technologies, processes, and procedures that to date 

do not exist in commercially viable form (such as battery storage), renewable energy will be 

constrained to a 20% to 30% market share and require the support of a source of energy capable 

of rapidly varying output (currently hydropower or natural gas) for integration with the power 

grid. Such a scenario would increase dependence on limited natural gas supplies and force the 

continued use of coal. A true sustainability transition will require diversity in energy supplies – 



160 

including nuclear, wind, solar, geothermal, and a well-reasoned policy framework to meet the 

unprecedented demands of the future and avoid a catastrophic global socio-economic collapse.  
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6.1 A RENEWED LANDSCAPE FOCUS 
 

Current world energy policy is dominated by two major concerns: climate change and a 

rapidly expanding demand for electricity, especially in developing nations. Reducing greenhouse 

gas emissions can be accomplished through two avenues: reducing energy intensity or reducing 

greenhouse gas intensity (Mausai et. al 2012, S392-S393). Using less energy will be virtually 

impossible, as it is estimated the world will consume 2.2 times more energy in 2050 than in 2010 

(Mausai et. al 2012, S394), with many people receiving electric power for the very first time. A 

significant amount of global growth will come from the developing world, especially China and 

India, which will account for a combined 21% of the world’s gross domestic product and 43% of 

total greenhouse gas emissions by 2050 (Mausai et. al 2012, S393-S394). Developing nations are 

highly vulnerable to energy prices (Nicholson, Biegler, and Brook 2010, 2), and must acquire 

low-cost energy for continued economic and human development. 

Electricity is vital for human development, and while there are long term benefits to 

using cleaner energy, the short term costs and benefits of energy are usually the greater concern 

for developing nations (Bazilian et. al. 2011, 3751-3754). Coal burning power stations are 

currently a world standard because they are an inexpensive form of energy in terms of direct 

costs, making coal favored in nations that need to expand electricity access and grow their 

economies (Bazilian et. al. 2011, 3751). With proper support, renewables, nuclear, and natural 

gas can become economically competitive with coal, making it so nations need no longer choose 

between the environment and economic growth. This will improve global human development as 

well as create markets for American energy products and other American goods – all while 

combating climate change. 
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The rapidly expanding markets for energy in China and India offer significant 

development opportunities as incubators for emerging niche energy solutions to begin to 

establish economies of scale. With the two nations set to soon account for nearly 30% of global 

energy demand, they can be partners in the development of future energy solutions and potential 

markets (emerging niches) to create economies of scale for incubating new technologies. In 2014 

the United States and China jointly announced planned climate change commitments ahead of a 

new climate change agreement, as well as joint research projects on clean energy and carbon 

capture and sequestration, and in 2015 similar joint collaboration was announced with India 

(Tubman 2015, 3). 

China has ambitious plans to generate 20% of its electricity using renewable and nuclear 

energy by 2030 (Johnson 2015). Achieving this will require 800 to 1000 gigawatts of capacity 

(Johnson 2015). By way of comparison, the entire world currently has only 1800 gigawatts of 

renewable and nuclear capacity (Johnson 2015). Because China is a major producer of wind 

turbines and solar panels, a substantial amount of its production capacity will go towards simply 

slowing its own greenhouse gas emission growth. This creates a prime opportunity for American 

firms to grow market share, either through exports to China or through sales to other markets 

while China’s domestic renewable energy production is occupied. It also creates a prime market 

for nuclear technology exports, as both China (“Nuclear Power in China” 2015) and India 

(“Nuclear Power in India” 2015) have plans to build hundreds of nuclear reactors by 2050. 

Technology exports to China, India, and other nations interested in nuclear power may be 

a prime way to achieve needed economies of scale to reduce the cost of nuclear energy. France, 

Russia, Canada and the United States are currently the only major exporters of reactors, so this is 

an area in opportunity to achieve significant market share. With the second highest electricity 
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consumption in the world behind China (“Electricity-Consumption” 2015), United States 

domestic sales can also help to drive economies of scale. Domestic policy action can help the 

United States can reap significant economic benefits by providing the world with cleaner forms 

of energy, such as exported natural gas, nuclear energy technology, and renewable energy. In 

fact, once fully developed, nuclear and renewables will be less expensive than fossil fuels.  
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6.2 THE CLIMATE CRISIS 
 

There is a broad consensus that climate change is an increasingly critical global issue. In 

an August 2015 poll of 1,200 American voters, a majority– including the most conservative 

Republicans – indicated that they believe that climate change is a reality, and human activity is 

contributing to it (“Republicans, Clean Energy” 2015). The same poll found 84% of American 

voters to be in favor of developing clean energy (“Republicans, Clean Energy” 2015). Congress 

has responded to these increasing public concerns, and in January 2015, the United States Senate 

voted 98-1 to pass a resolution cosponsored by noted climate change skeptic Jim Inhofe (R-OK) 

stating that “it is the sense of the Senate that climate change is real and not a hoax” (Atkin 2015). 

Modern domestic policy favoring nuclear power is currently driven by climate change 

concerns (Tomain 2005, 237). In addition to producing no carbon dioxide emissions directly 

from power production, during normal operations nuclear power plants actually produce lower 

radiation emissions than coal fired power plants (Levendis, Block, and Morrel 2006, 44). Like 

renewable energy, growth in nuclear energy is (currently) dependent on government subsidies, 

technological advancement, optimistic investment and construction patterns, and increased fossil 

fuel costs (Tomain 2005, 243). 

Nuclear energy can drive energy independence and is a proven solution to climate change 

due to its low life-cycle greenhouse gas emissions (Visschers and Siegrist 2011, 3621). A 

Stanford study found that scenarios in which greenhouse gas levels stabilize involve more 

extensive use of nuclear energy than the reference scenario (Bauer, Brecha, and Luderer 2012, 

16805). While known conventional uranium reserves are estimated to be sufficient to meet 

current world demand through 2075, these estimates exclude unconventional uranium reserves, 

possible future discoveries, and use of technologies such as nuclear fuel reprocessing and breeder 
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reactors that can significantly extend the supply of nuclear fuel (Bauer, Brecha, and Luderer 

2012, 16806-16807). 

6.2.1 Consumption and Sustainability 
 

When the consumption of a resource increases by a fixed percentage per year, the growth 

is not linear, it is exponential (Bartlett 1978, 876). The time it takes for something that is 

exponentially increasing can be calculated by the formula T2 = 70 / p, in which T2 is the doubling 

time and p is the percentage growth (Bartlett 1978, 876). As an example, if electricity 

consumption was increasing by 7% per year – as it did prior to the energy crises – it would take 

T2 = 70 / 7 = 10 years for consumption to double (Bartlett 1978, 877). Even more surprising is 

the fact each doubling period involves consumption “equal to the total of all of the electrical 

energy that has ever been used in the entire history of the electrical industry in” the United States 

(Bartlett 1978, 877). For an illustration of this doubling, see Figure 6.  
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Figure 6. Illustration of doubling periods, each number represents a subsequent period and the associated 
consumption impact relative to previous periods (Credit: Author). 
 

One dramatic example of how doubling works can be seen in agriculture, in which food 

production must increase alongside population growth simply to keep the same proportion of the 

world’s population with adequate nutrition (Bartlett 1978, 876). While the same proportion of 

people might be starving, the total amount of people starving would have also doubled (Bartlett 

1978, 880). 

Adequately supplying the world with energy (primarily electricity) requires even higher 

rates of growth (Bartlett 1978, 880). A person only needs a certain amount of food, and while 

there is a certain amount of electricity people need to maintain an adequate standard of living, 

there is currently no upper boundary for how much it might increase with economic growth. 

More electricity must be produced, not just to keep up with population growth, but to support 

economic growth as well (see Figure 7). 
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Figure 7. Developed nations have a per capita energy consumption several times higher than the world average 
(Credit: Hughes 2012). 
 

The exponential expiration time of a resource calculates how long a resource can be 

consumed before depletion (Bartlett 1978, 878). It is calculated by the formula exponential 

expiration time = Te = (1 / k ) ln (k R / r0 + 1 ), in which Te is the time to resource depletion, k is 

fractional growth per year, R is the resource base, and r0 is the current rate of consumption. 

One dramatic example of exponential expiration time can be seen with petroleum 

consumption. A petroleum deposit with the volume of Earth would have been able to meet world 

petroleum consumption rates for a period of 410 billion years at 1970s consumption rates. 

However, if petroleum consumption had continued to increase along its 7.04% growth curve, this 

Earth’s worth of petroleum would have been depleted in only 342 years (Bartlett 1978, 880). 
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United States coal consumption increased by an average of 6.69% per year from 1860 to 

1910, when it leveled off at around 500 million tons per year, with future growth projected to be 

met by petroleum and natural gas (Bartlett 1978, 881). Coal consumption essentially remained 

stagnant until 1972 (Bartlett 1978, 881). Using known United States coal reserves established in 

1978 we can quickly see how the energy situation might have turned out.  If coal consumption 

had continued growing at 6.69% per year after 1910, United States coal deposits would have 

been depleted by 1967 given the low estimate of reserves, or by 1990 given the high estimate of 

reserves (Bartlett 1978, 881). 

Conservation and the discovery of new resources can do little to delay exponential 

expiration time. If a way were found to instantly save 10% of national energy use, all the gains 

would be erased in just two years of consumption given a 5% growth rate (Bartlett 1978, 884). 

The most effective way to conserve finite resources such as natural gas – vital for renewable 

energy integration – is to slow or stop the growth in consumption rates (Bartlett 1978, 884). 

6.2.2 Diversity in Transition 
 

The optimum energy strategy, both domestically and internationally, is one focused on 

reduced greenhouse gas intensity, not reduced energy intensity. “[T]he International Panel on 

Climate Change and International Energy Agency have identified nuclear power as a key 

technology in reducing carbon emissions” (Lovering, Yip, and Nordhaus 2016, 371). Nuclear 

energy has been identified as a key technology for reducing carbon emissions, with nuclear 

energy costs found as one of the most cost effective options. Levelized cost estimates indicate 

nuclear energy would cost $84/MWh for prototype reactors and $54/MWh for mass-produced 

units (Brook 2012, 7). By comparison, the minimum levelized cost range of geothermal energy is 

currently $43.80 per MWh, wind is currently $65.60 per MWh, advanced combined cycle natural 
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gas facilities is currently $68.60 per MWh, and hydropower is currently $69.30 per MWh, with 

all other energy resources having minimum costs in excess of $70 per MWh (“Levelized Cost” 

2015, 7). Getting costs down to this level will require some regulatory changes, research, and 

funding.  
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7 CONCLUSION 

Almost sixty years ago, nuclear energy began its transition from a niche energy solution 

to an established part of the socio-technical regime. Understanding how nuclear navigated its 

transition path – both its successes and failures – offers extraordinary insight into how to better 

manage the critical transition path for sustainable energy solutions. The case for informed policy 

that can overcome the critical energy and environmental challenges of our time is compelling – 

although achieving it will require navigating the increasingly complex world energy landscape. 

 

Figure 8. China’s energy consumption has rapidly increased to become the largest in the world (Credit: Hughes 
2012). 

 

While nuclear energy and petroleum fired generation gained market share over coal in the 

1960s and 1970s, they did not have to reduce coal’s real contribution to succeed. Today’s 
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domestic electricity market is very different. While United States electricity consumption grew 

almost 7% per year for decades prior to the energy crises, since the 1990s it has tended to be half 

that. Between 1973 and 2010 consumption has remained remarkably stable at around 0.4 kWh 

per constant dollar of gross domestic product (Ratner and Glover 2014, 31-32). In fact, between 

2000 and 2011 United States electricity consumption was essentially stagnant. This means new 

forms of electricity generation face greater competition for any expansion in demand, and may 

even face a zero sum situation in which market share can only be gained at the expense of other 

forms of energy. 

The sources of electricity consumed in the United States since 2000 underscore this 

phenomenon. Despite a stagnant market, new air pollution regulations and state renewable 

portfolio standards have led coal to decline from 51.76% of electricity generation to 44.92%, 

while seeing a real net reduction of 2367 trillion BTUs of consumption between 2000 and 2011 

(see Chart 17). Natural gas has grown from 14.75% to 20.04% of electricity consumption over 

the same period, experiencing a net growth of 2610 trillion BTUs of consumption (see Chart 17). 

Wind grew from 0.14% to 2.91% of electricity consumption, experiencing net growth of 1122 

trillion BTUs (See Chart 19). Over the same period, 2000 to 2011, electricity consumption saw a 

net increase of only 1804 trillion BTUs. Thus, as seen by coal, a large percentage of the gains of 

consumption across the portfolio of electricity generated have come at the expense of others (see 

Charts 1, 2, 4, 5, 6, 12, and 13). 

The cannibalization of domestic market share between potential energy sources has 

potentially troubling implications for the future of alternative energy in the United States. 

Because nuclear energy is a very time and capital intensive undertaking, utilities are unlikely to 

invest in it in a market with low to no growth, as there may not be sufficient demand for a reactor 



172 

when it comes online almost a decade later. Growth in nuclear and renewable energy 

technologies can take place alongside fossil fuels and hydroelectricity, particularly as global 

demand for access to electricity surges among the billion plus people who currently have access 

to none at all. If such collaborations are not pursued, the United States and other Western nations 

may find themselves replacing assets capable of providing many more years of service with 

expensive alternative energy. If the United States tries to go it alone, it may suffer a damaging 

first mover disadvantage with severe consequences for competiveness due to the pursuit of solar 

and wind in a slow growing domestic energy landscape. Utilities may also be hesitant to invest in 

renewable energy projects if the technology is only viable under conditions supported by 

subsides, tax credits and preferential purchases. If supports are phased out before renewables can 

secure a significant share of the electricity market, a successfully technology transition may 

never materialize for the United States. A national strategy that leverages the lessons of the 

nuclear power program offers the best hope for successfully confronting the dual challenges of 

climate change and rapidly growing energy demand.  
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9 ANNEXES & APPENDICES 

9.1 CHART 1: UNITED STATES ELECTRICITY CONSUMPTION 1949-2011 
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9.2 CHART 2: UNITED STATES ELECTRICITY CONSUMPTION 1949-2011 (FOSSIL FUELS) 
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9.3 CHART 3: UNITED STATES ELECTRICITY CONSUMPTION 1949-2011 (NUCLEAR) 
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9.4 CHART 4: UNITED STATES ELECTRICITY CONSUMPTION 1949-2011: RENEWABLES 
 

 

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

45,000

19
49

19
52

19
55

19
58

19
61

19
64

19
67

19
70

19
73

19
76

19
79

19
82

19
85

19
88

19
91

19
94

19
97

20
00

20
03

20
06

20
09

United	States	Electricity	Consumption	
1949-2011:	Renewables	(Includes	Hydro)

Hydroelectric Wood Waste

Geo-thermal Solar/PV Wind

Total	Renewables Total	Generated

Vertical axis is trillions of BTUs consumed. Horizontal axis is years. Data before 1989 only includes 
electric utilities, data after 1989 includes electric utilities, independent power producers, commercial 
plants, and industrial plants Produced using data derived from “Annual Energy Review 2011.” 



188 

9.5 CHART 5: UNITED STATES ELECTRICITY CONSUMPTION 1949-2011 
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electric utilities, data after 1989 includes electric utilities, independent power producers, commercial 
plants, and industrial plants Produced using data derived from “Annual Energy Review 2011.” 
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9.6 CHART 6: UNITED STATES ELECTRICITY 1949-2011 (BY SOURCE) 
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United	States	Electricity	1949-2011:	By	Source	as	%	of	Portfolio

Coal Petroleum Natural	Gas Other	Gases Nuclear	Power Hydroelectric

Wood Waste Geo-thermal Solar/PV Wind

Data before 1989 only includes electric utilities, data after 1989 includes electric utilities, 
independent power producers, commercial plants, and industrial plants. Produced using data 
derived from “Annual Energy Review 2011.” 
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9.7 CHART 7: UNITED STATES ELECTRICITY CONSUMPTION MARKET SHARE (1950) 
 

 

  

United	States	Energy	Consumption	Market	Share:	1950
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Data before 1989 only includes electric utilities, data after 1989 includes electric utilities, 
independent power producers, commercial plants, and industrial plants. Produced using data 
derived from “Annual Energy Review 2011.” 
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9.8 CHART 8: UNITED STATES ELECTRICITY CONSUMPTION MARKET SHARE (1960) 
 

 

  

United	States	Energy	Consumption	Market	Share:	1960
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Data before 1989 only includes electric utilities, data after 1989 includes electric utilities, 
independent power producers, commercial plants, and industrial plants. Produced using data 
derived from “Annual Energy Review 2011.” 
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9.9 CHART 9: UNITED STATES ELECTRICITY CONSUMPTION MARKET SHARE (1970) 
 

 

  

United	States	Energy	Consumption	Market	Share:	1970
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Data before 1989 only includes electric utilities, data after 1989 includes electric utilities, 
independent power producers, commercial plants, and industrial plants. Produced using data 
derived from “Annual Energy Review 2011.” 
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9.10 CHART 10: UNITED STATES ELECTRICITY CONSUMPTION MARKET SHARE (1980) 
 

 

	 	

United	States	Energy	Consumption	Market	Share:	1980
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Data before 1989 only includes electric utilities, data after 1989 includes electric utilities, 
independent power producers, commercial plants, and industrial plants. Produced using data 
derived from “Annual Energy Review 2011.” 
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9.11 CHART 11: UNITED STATES ELECTRICITY CONSUMPTION MARKET SHARE (1990) 
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Data before 1989 only includes electric utilities, data after 1989 includes electric utilities, 
independent power producers, commercial plants, and industrial plants. Produced using data 
derived from “Annual Energy Review 2011.” 
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9.12 CHART 12: UNITED STATES ELECTRICITY CONSUMPTION MARKET SHARE (2000) 
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Data before 1989 only includes electric utilities, data after 1989 includes electric utilities, 
independent power producers, commercial plants, and industrial plants. Produced using data 
derived from “Annual Energy Review 2011.” 



196 

9.13 CHART 13: UNITED STATES ELECTRICITY CONSUMPTION MARKET SHARE (2010) 
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Data before 1989 only includes electric utilities, data after 1989 includes electric utilities, 
independent power producers, commercial plants, and industrial plants. Produced using data 
derived from “Annual Energy Review 2011.” 


