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1. Introduction 

  In the past 40 years much emphasis within the field of economics has been placed on the role of 

innovation. Innovation has become increasingly seen as one of the crucial factors involved in 

sustained economic growth. The creation and implementation of innovation has been constantly 

evolving. Innovation today requires a substantial amount of government involvement. This 

involvement encompasses a wide array of roles from the provision of funding through grants, 

subsidies and tax, the establishment of government research centres, as well as legislation that 

promotes R&D and innovation. Government involvement also includes the establishment of certain 

institutions and providing an organizational structure that promotes R&D and innovation. The 

structure and methods employed by governments today to promote R&D and innovation have taken a 

substantial amount of time to be established. The role of government in R&D and the innovation 

process is now clearly established and required.  

   Since the 1970’s there has been a significant anti-nuclear movement within Germany. This 

movement has been high-lighted by numerous anti-nuclear rallies held throughout Germany over the 

past 40 years. The catastrophe at Chernobyl in 1986 resulted in nuclear technology and its role being 

catapulted to the forefront of German politics. Between then and now a number of government 

resolutions, initiatives and policies have ben enacted and rescinded over the future of nuclear power in 

Germany. It has been used as a political platform by a number of German political parties promising 

nuclear phase-out. This debate has been back and forth with one party in power initiating a phase-out 

only for it to be rescinded by the next party in power. The nuclear disaster at Fukushima, Japan in 

2011 following a massive earthquake and tsunami prompted the German government to immediately 

initiate a phase-out of its nuclear program. This is to be the last decision made on its nuclear program 

as the new piece of legislation does no include any clause for revision.  

   These anti-nuclear sentiments within the government coupled with continued political moves to 

phase-out Germany’s nuclear program has resulted in substantial decreases in government funding for 

R&D in nuclear technology. The policies of the German parties in power at the start of this century 

and the latest policy move after Fukushima have all but removed government funding for R&D in 

nuclear technology. It is this issue that this paper is concerned with. 

   As noted above government involvement in the process of innovation through providing the funding 

and infrastructure for R&D is crucial for successful innovation to take place; especially in an 

industrial sector like nuclear power. The nuclear sector is renowned for requiring substantial 

government input due to the nature of the technology. Given the current anti-nuclear movements and 

policies within Germany can we expect any negative economic impact from the government shifting 

its funding away from R&D in nuclear technology? This paper will look at the potential repercussions 

from these government moves.  



Jonathan Sheppard  EKHR71 

4 
 

   In order to establish a proper base for analysis it is important to understand the basic economic links 

between economic growth, innovation, and research and development (R&D). It is essential that a 

clear understanding of how all of these things are connected to one another is comprehended 

otherwise the purpose of this paper will be lost. It is hoped that it can be established through theory 

and economic history that there is a link between economic growth, innovation, and government 

involvement in R&D and the innovation process. With this link established the German case will be 

presented and analysed to determine the potential outcomes of the anti-nuclear policies on 

government support for nuclear R&D.   

   The method is particularly linear in approach; to establish that economic growth stems from 

innovation and that innovation stems from R&D. It will be presented that government involvement in 

R&D and the innovation process is essential for innovative success. This will be shown to be 

especially true of nuclear technology and its industry. With this established the German nuclear sector 

and its anti-nuclear policies will be examined and analysed. The focus of this analysis is on public, 

government support for nuclear R&D not private sector. It should also be noted that due to the nature 

of nuclear technology and recentness of the policy changes that an accurate quantitative assessment 

on such matters would probably not be feasible for some time. The purpose of this paper is to 

establish that government involvement in R&D is essential for innovation and economic growth with 

the intent to provide an early assessment of the potential economic outcomes from decreasing 

government support for R&D in nuclear technology in Germany.         

2. Economic Growth, Innovation and Government      

2.1 Schumpeter: Source of Innovation 

   The link between economic growth and innovation has been studied for some time now. One of the 

earliest and most prominent researchers into innovation was Joseph Schumpeter (1883-1950). 

Considered an “innovation theorist”, Schumpeter’s work revolved around the role of innovation on 

both social and economic change. Innovation was to him the driving force for a process of qualitative 

change that was essence of economic development over time.  

   Schumpeter believed that innovation could be defined as “new combinations” of existing resources. 

These “combinations” could come in a variety of ways with him often citing examples in the form of 

new products, new methods of production, new sources of supply, finding and exploiting new 

markets, and discovering new ways to organize business. The act of creating and implementing these 

new combinations was defined as the “entrepreneurial function”. This function was to be 

implemented by what Schumpeter called “entrepreneurs”. He placed great importance in the role of 

the entrepreneur. These entrepreneurs are the driving force behind the “new combinations”, 

continually fighting an uphill battle against all levels of society. Entrepreneurs had to push through 
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what he called the “resistance to new ways” in order for innovation to take effect and change society 

and the economy (Fagerberg, 2006).   

   Schumpeter’s early work, frequently called Schumpeter 1, focused on the role of the entrepreneur 

and innovation. Before Schumpeter many social scientists had chalked up innovation as a random 

phenomenon, not bearing any traits of process; an idea he completely disagreed with. He emphasised 

three important aspects that defined the process of innovation and the entrepreneur; first the 

fundamental uncertainty inherent in all innovation projects; second the need to move quickly before 

someone else did so as to reap the economic benefits of being first; and third the prevalence of 

“resistance to new ways”. In regards to the latter two aspects he emphasized the importance of the 

entrepreneur. The ability to move quickly required not only the standard procedure of having all 

information, assessing it and finding the optimal choice but also the leadership and vision to carry the 

project through. It is these two extra characteristics are what Schumpeter emphasised as being 

fulfilled by the entrepreneur. Also, it is the entrepreneur’s strong will and spirit that would overcome 

the third aspect of the innovation process. To Schumpeter it is these extra characteristics that make up 

the “entrepreneurial spirit” that leads to the successful implementation and diffusion of innovation. 

According to Schumpeter, innovation is the “outcome of continuous struggle in historical time 

between individual entrepreneurs, advocating novel solutions to particular problems, and social 

inertia, with the latter seen as (partly) endogenous” (Fagerberg, 2006). Schumpeter saw this “social 

inertia” as an embedded character of existing knowledge and habit creating a biased decision making 

against new ways of doing things; something he considered to be an endogenous effect to some 

extent.  

   Schumpeter’s early work definitely was seen as a viable explanation for human innovation into the 

19th century, but by the early 20th century many innovations were increasingly observed as being 

achieved through new practises involving teamwork and large organizations (Bruland and Mowery 

2006, Lam 2006, Lazonick, 2006). The later work of Schumpeter, also known as Schumpeter 2 

acknowledged the existence of what he defined as “cooperative innovation” and emphasized the 

importance of its continued study.  

   Though, during his time he was unable to study and interpret the “cooperative innovation” himself, 

the past three decades has witnessed a substantial amount of study done within this field. A large 

portion of this research has picked up where Schumpeter left off focusing on his emphasis on 

uncertainty. Notable studies into this area have included work by Nelson and Winter 1982, Nonaka 

and Takeuchi 1995, Van de Ven et al.1999. The study of cooperative innovation is quite a large 

comprehensive subject area encompassing a variety of different aspects and variables. 

   Firms from the 20th century on have to deal with a number of factors when considering innovation. 

First and foremost there is the issue of trying to create the idea of a new innovation. It is completely 
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unknown whether any particular innovation will be high rewarding thus making it hard to choose the 

most relevant or best options. Path dependency can also be an issue for firms looking to become 

innovative. It is argued that an early innovative firm that chooses a specific innovation path may be 

benefit from “first mover” advantages, but runs the risk of being “locked in” into this specific path 

due to self-reinforcing effects, allowing the next firm that comes along may be able to take advantage 

by choosing a superior, optimal path (Arthur, 1994).  

   Along with path dependency issues firms seeking to be innovative also have to consider such things 

as “pluralistic leadership” that can take advantage of and implement a variety of competing 

perspectives (Van de Ven, 1999). This is considered essential for firms to become innovative; being 

open to new ideas, suggestions and solutions is an early requirement in the search for “new 

combinations” that can lead to great innovation. Being open and aware of new ideas and concepts has 

lead firms to become more outward looking towards their fellow competitors and other external 

sources. This outward searching leads to not only the individual firm becoming innovative but more 

often not causes the economic area in which the firm operates becoming increasingly innovative. 

Smaller firms are the most likely to gain from seeking innovation from outside sources as they do not 

always possess the resources required for innovative  research. It is argued however, that the growing 

complexity of the knowledge bases required for successful innovation has forced even large firms to 

depend more and more on external sources for their innovative ventures (Granstrand, Patel, and 

Pavitt, 1997; Pavitt, Powell and Grodal, 2006; Narula and Zanfei, 2006). 

2.2 Innovation on Economic Growth 

   The link between innovation and economic growth has been studied and argued for some time. At 

its most basic assumption innovation is regularly seen as the creation of a new technology through 

which matters of production and efficiency are increased allowing for increased economic growth. 

Examples of these types of technologies include the steam engine, electricity, the internal combustion 

engine and computers. Each of these technologies has lead to increases in production and efficiency 

allowing for greater output per unit of labour. Innovation is not always just a new technology 

sometimes it is the methods by which technology is used that can have the most impact on the 

economic production and growth. The greatest example of such an innovation is Henry Ford’s 

assembly line. Harnessing the new innovative technologies available to him he created a new 

innovative method of production that enabled his company to become largest automobile 

manufacturing in the world in a comparably short amount of time.  

   The exact impact of technology and innovation on economic growth is debated. Numerous 

economists have studied this issue and many have differing opinions. Often economic growth is 

calculated using growth accounting which utilizes factor inputs and total factor productivity (TFP) to 

attribute growth to its proximate sources (Crafts, 1999). Basic growth accounting uses the equation: 
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∆Y/Y = α∆K/K + β∆L/L + ∆A/A 

where the growth of output (Y) is accounted for in terms of the contribution of the growth of capital 

stock (∆K/K) times the elasticity of output with respect to capital (α), the contribution of the growth 

of the labour force (∆L/L) time the elasticity of output with respect to labour (β) and the growth of 

TFP (∆A/A) (Crafts, 1999, p. 24). The measurement of TFP is calculated as a residual after all the 

other components of equation have been entered; the shares of profits and wages are used to 

approximate the elasticity’s of α and β. Crafts warns that this formula can be understood as being 

exactly right if the economy can be thought of as an aggregate Cobb-Douglas production function, Y 

= AKαLβ, operating under perfect competition and constant returns to scale. If this is taken as a given 

then parameter A would be a representation of technology and TFP growth would measure exogenous 

technological change.  

   Using TFP growth residual as a measurement of technological change to economic growth is not a 

wise decision; there is inherent bias in doing this as technological change could be less than TFP 

growth. This could be the result of scale economies or improvements in production efficiency or even 

the result of quality improvements in the factors of production being underestimated (Abramovtiz, 

1993). Also, if the elasticity of growth substitution between factors of production is less than 1 and 

displays a Hicks-labour-saving bias then TFP growth underestimates the contribution of technological 

change; growth in the capital-to-labour ratio, the degree of labour-saving bias and the inelasticity of 

substitution can all lead to continued increases in mismeasurement (Rodrik, 1997).  

   Under the traditional neo-classical growth model fast technological change raises the steady-state 

rate of growth of capital stock. This leads to a part of its impact on growth being measured within 

capital’s measured contribution. The endogenous growth model goes on to strengthen this position as 

it holds that TFP growth does not account for all of the contribution of technological change, 

believing that the contribution actually exceeds that of the TFP residual. With endogenous growth 

models capturing endogenous innovation as a driving force for growth through expanded varieties of 

capital inputs, it leads to these models contributing a fraction of the growth of varieties of the capital 

facilitated by R&D to capital and not the TFP residual. The larger the endogenous component in 

technological progress, the larger the under-measurement of the residual will be (Barro, 1998).  

   Studies of TFP through an endogenous growth model lens has been carried out by many but has 

failed to find concrete conclusive evidence that the model works for all economic situations. Jones 

(1995) argues that the failure of OECD nations to display acceleration in growth rates over the past 

decades contradicts endogenous growth theory that increased investments in human capital and R&D 

will permanently raise the growth rate. However, Crafts believes that there is not enough evidence to 

reject the hypothesis of endogenous growth theory and there is even evidence to the contrary (Crafts, 

1996). It is possible that scale effects necessary to underwrite endogenous growth maybe absent 
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(Crafts, 1999). Even Jones (1999) has discussed the number of influences of scale effects in 

innovation, including the impacts of a proliferation of product varieties and of changes in the 

difficulty of producing innovations (Crafts, 1999). If the returns to R&D are diminishing then any 

increases in the share of national income devoted to R&D will raise the level of GDP per person and 

only have a transitionary effect on the growth rate and not a permanent positive one. This would 

suggest that in the long run we can expect increases in the growth rate to be the result of the 

exogenous natural rate; the underlying hypothesis of the exogenous growth model and the Jones 

(1997) suggestion as the best available interpretation. Though the scale effects in innovation has been 

seen as a central issue in determining whether endogenous growth model holds or not there has been 

little empirical evidence of these scale effects presented; long-run data suggest that the effects are 

ambiguous and that inferring the claims of both pro-endogenous and anti-endogenous should be taken 

with caution (Crafts, 1999).  

   There has been an interesting analogy used Harberger (1998) to described two different variations of 

economic growth and its processes. On the one hand productivity improvement causing 

macroeconomic expansion may arise like yeast with the improvement coming across the board with a 

very broad applicability of technological change with many technology spill-over effects and/or 

general scale economies. The other process has mushroom-like behaviour to it where productivity 

improvements stem from different, mostly unrelated causes. Also, the rate of advancement is uneven 

across sectors. This yeast-mushroom concept would suggest that the scale effects in innovation can 

vary over time and technological eras; essentially suggesting that the endogeneity of growth can vary 

making it hard for any endogenous growth model to accurately explain past or future outcomes and 

should be a warning to theorists about the short comings of the endogenous growth model.  

2.3 The beginnings of innovation and R&D 

   In this section we look at the growing importance of R&D on innovation overtime. In this section it 

is hoped to establish a link between R&D and innovation so to provide an insight into potential 

government incentive for proactive R&D policies.   

   The first industrial revolution was the result of a number of changing factors within the economies 

of Great Britain and Northwest Europe. Social, institutional, and technological changes were all 

important variables required for the industrial revolution to take place. One of the most researched 

and studied aspects of the first industrial revolution were the new technologies that were created and 

implemented during this time. Innovations in technology and production methods have come to define 

all three of the suggested industrial revolutions.  

   The origins of the innovation during the first industrial revolution are characterised as individual 

efforts. Individual inventors with singular vision and determination are recognized as the driving force 
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being new innovative technologies and processes. These inventors are what Schumpeter would later 

label as entrepreneurs. Often these inventors/innovators came from a particular background, 

possessing skills and knowledge in certain trades such as watchmaking, carpentry, blacksmithing, 

metalworking and woodworking (Bruland & Mowery, 2006). The methods employed by these 

inventors are far from what would be considered modern science today. However, the seeds of 

integration between science and industry can be found within certain sectors within the industrializing 

economy. The glass industry of the period has been seen as an early innovator in the use of 

experimentation and research to achieve its economic goals. Though general science and the scientific 

method were absent for most sectors during the first industrial revolution there was large wide 

establishment of formal and informal scientific societies within Great Britain. These societies allowed 

for the wide and rapid diffusion of ideas and knowledge across industrial sectors. The widespread 

improvement in the quantity and accessibility of knowledge concerning industrial techniques has been 

discussed as central factor in the first industrial revolution (Mokyr, 2002). This “industrial 

enlightenment” was helped by the surveying and codification of artisanal techniques in published 

manuals, handbooks, textbooks and pamphlets on industrial practises (Mokyr, 2002: 34-5). All these 

factors lead to a rapidly accelerating diffusion of industrial knowledge across sectors (Bruland & 

Mowery, 2006). 

   Reforms in both finance and the organization of industrial firms also played crucial factors during 

period. The creation of legal joint-stock associations with growth in financial networks were a major 

step in the expansion of the scale of enterprises. The establishment in a number of reforms in 1825 

allowed for the creation of companies with separate legal identities, limited liability and tradeable 

shares; the mid-1850’s witnessed general legislation on the joint stock form with its passing in 1844 

and it consolidation and confirmation within the statues of 1856 and 1862 (Mathias, 1983). The 

passing of this legislation allowed for substantial growth in the finance and scale of enterprises 

(Buland & Mowery, 2006).  

   The managerial structuring for new inventions and the firms that popped around them were also 

innovations within themselves. The first industrial revolution witnessed the introduction of rule-based 

disciplinary methods, the laborious construction of supervisory systems, and the habituation of 

workers to an organized and controlled working day. New managerial techniques involved the 

establishment of larger, centralized production facilities as well as the mechanized factory. Combing 

all these factors lead to production sites that could take advantage of new applications of power and 

new industrial techniques, while being able to maintain closer managerial control over the 

organization as well as the pace of work (Bruland & Mowery, 2006).  
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2.4 The Second Industrial Revolution 

   The second industrial revolution witnessed the arrival new ingenious technologies and dramatic 

shifts in the economic powerhouses that would help devise and develop these new technologies. The 

second revolution also witnessed shifts in the innovation process further linking formal science to 

industrial breakthroughs as well as new institutional changes that furthering the innovation process. 

The changes in the second industrial revolution would have profound effects that would alter the 

innovation process and lay the framework for innovation for much of the 20th century. 

   The second industrial revolution is characterized by several noticeable shifts. The first of these is the 

shift in Britain being the technological leader to that of the United States and Germany. The industrial 

sectors of the first industrial revolution, iron, steel, coal, textiles and mechanical engineering, have by 

this point diffused out of Britain to continental Europe and the United States. Also, it witnessed the 

emergence of the new industrial sectors of chemicals, optics and electricity.  

   The shifts in the innovation process during the second industrial revolution were quite dramatic. 

Now the links between formal science and industry were being well established and would become 

the precedent for the future innovation process. Bruland and Mowery, 2006 characterize these new 

links between science and industry as having an impact in several ways: (1) “Formal training for 

would-be inventors became far more important and the role of artisanal ingenuity diminished”; (2) 

“the role of institutions external to the firm that conducted such formal training and research 

increased”; and (3) “bodies of empirically grounded, codified scientific and technological knowledge 

internal to the firm became powerful engines for expansion and diversification” (Bruland & Mowery, 

2006, p. 358-359).  

   Along with the innovation process and technologies, firm structure was also undergoing changes 

during the second industrial revolution. In the United States and Germany new, vertically integrated 

firms emerged conducting business on a large scale. These new firms established special research and 

development departments and laboratories utilizing special teams of scientific researchers that relied 

on networks of science contacts from the education system; universities in particular were now being 

used as sources for research for these firms of never before achieved size. The advent of all these and 

the factors above would lead industrial innovation to become a core component of corporate strategy 

by the mid-twentieth century (Burland & Mowery, 2006).  

   Some of first firms to establish separate R&D departments and facilities were German chemical 

firms. Breakthroughs in physics and chemistry during the 19th century provided a large potential for 

industrial application of these sciences. German chemical firms saw the profitable potential for new 

breakthroughs in organic chemistry and because of such established in-house R&D facilities in an 

effort to commercialize these innovative breakthroughs. The creation of these R&D departments 
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placed a high demand for technically trained personnel. Fortunately the 19th century witnessed a rapid 

expansion in the network of research and technical universities within Germany. This network was to 

become of vital importance to the chemical and electrical sectors supplying not only skilled labour but 

also providing consultancy to firms on industrial research as well as providing early research 

facilities. Also, as technically trained personnel moved into positions of management within these 

firms stronger bonds between corporate strategy and industrial research were formed (Bruland & 

Mowery, 2006).  

   Government involvement in this new movement was both of cause and effect. Institutional changes 

enabled the further expansion of German industry. The link between corporate strategy and industrial 

research was a recognized phenomenon within the German government and lead to substantial 

funding for Germany’s education system as they recognized its importance to their economic well 

being; something parliament failed to recognize in Britain. Also, successful lobbying by firms like 

Siemens with their German Association for Patent Protection resulted in the passing of the first 

national patent law in 1877 by the new German State (Bruland & Mowery, 2006). The passing of the 

national patent law lead many firms to establish formal in-house R&D departments immediately 

following its passage.  

   In the United State industrial expansion mirrored that of Germany with some subtle differences. 

Firms within the United States often developed in parallel to their German counterparts but initially 

with independent research facilities that would work on a contract basis (Pavitt, 2006). Eventually 

over the course of the 20th century this method was dropped in favour of in-house R&D departments. 

Also, US firms benefitted from a series of institutional reforms during the early 20th century. Between 

1890 and 1910 US patent policy went through several reforms that strengthened and clarified patent 

holders rights (Mowery, 1995). Though a heightened judicial tolerance for restrictive patent licensing 

policies increased the value of patents within the corporate strategies of US firms as well as increasing 

the incentive to pursue industrial research, it also drove a new found incentive for firms to improve 

and protect their own corporate technological assets while at the same time driving them to acquire 

the patents of similar technology from other firms and inventors (Bruland and Mowery, 2006).  

   The second industrial revolution had turned a new page in the innovation process. No longer 

important was the inventor/entrepreneur of the 18/19th century. The growing requirement of 

technologically skilled labour brought about unforeseen links between science, innovation and firms. 

Research universities and institutions along with dedicated in-house R&D departments brought forth a 

new era where innovations are created through dedicated teams of educated workers. Managerial 

changes allowed for increased process efficiencies while further bolstering the demand for technically 

skilled labour. Some institutional reforms allowed for the financial expansion of firms, generating 

larger and larger corporations, while others increased profitability from increased returns on R&D 
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through patent reform. Complicated technological networks were established between universities and 

firms leading increased technological spill-overs. The second industrial revolution signalled the end of 

lone-gun innovation.  

2.5 The Third Industrial Revolution 

   The third industrial revolution is often referred to as the time period following the Second World 

War through to the emergence of ICT in the 1970’s into the 1990’s. It is often characterized by a 

dramatic shift in the global scientific leadership from Western Europe to the United States following 

the Second World War. The period witnessed the widespread expansion of the new ICT and bio-

medical industries. Also, during this time there was a change in the structure of R&D systems. This 

change was most prominent in the US, where there was the development of a “national innovation 

system” (Bruland & Mowery, 2006). More and more governments became involved in the R&D and 

innovation process during this time.   

   The Second World War has made the US an industrial giant and caused a complete re-adjustment of 

its R&D system. Prior to the war the R&D structure of the US mimicked that of Western Europe 

where industry was the leading funder and performer of R&D. The Second World War and after saw 

an immense shift towards central government funding of R&D with funds being allocated to industry 

and academic institutions. The primary motivation for this dramatic increase in funding was national 

security and public health issues; the cold war had just started out of the ashes of the Second World 

War and medical advancements during the war provided new opportunities for US citizens to live 

healthy long lives. Also, at this time there was strong political support for basic research (Lundvall 

and Borras, 2006). 

   The R&D system within the US following the Second World War differed from those of other 

industrial nations in at least three different aspects: (i) small, new firms were important entities in 

R&D and commercialization of new technologies; (ii) defence related R&D funding and procurement 

exercised a pervasive influence in the high-technology sectors of the US economy; (iii) US anti-trust 

policy during the post-war period was unusually stringent (Lundvall & Borras, 2006). The emergence 

of new industries in computers, semi-conductors and biotechnology played a significant role in R&D 

and commercialization. Firms within these industries grew into positions of considerable size and 

market share (Bruland & Mowery, 2006).  

   The role of new firms became an integral part of the post-war US R&D system. Universities, 

government research institutions and a number of private firms that acted as large research centres 

became research “incubators” for innovations that “walked out the door” with those individuals that 

would establish firms to commercialize these new breakthroughs (Bruland & Mowery, 2006). The 

lack of formal protection for intellectual property rights during the post-war period 0f 1945-1980 
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enabled the early growth of new firms. Within the microelectronics and computer hardware and 

software industry commercialization of new innovations was aided by a technology diffusion brought 

about by a permissive intellectual property regime. Also, this permissive regime reduced the burden 

on new firms of litigation over possible inventions and innovation that had in part originated in 

established firms (Bruland & Mowery, 2006).  Anti-trust legislation within the US provided liberal 

licensing and cross-licensing policies within the microelectronics and computer industries. Also, the 

procurement policies of the US military helped drive the growth of new firms in these fields and 

greatly contributed to the high proportion of technological spill-overs that were witnessed in these 

industries (Bruland & Mowery, 2006).  

   The US military and its procurement policies that were established during the Second World War 

and extended and expanded during the Cold War was a crucial driving force for R&D and innovation, 

especially within the high-technology sectors of the US economy. Military procurement within the US 

was special in that the military was willing to purchase from untried suppliers while at the same 

establishing a set of conditions that would guarantee a substantial transfer and exchange of technology 

between firms. Fearing a delay in the production of particular technologies through individual firm 

production problems or by the exit of a supplier the US military required that all firms who won a 

contract would provide a domestic “second source” supplier for its product. In order to comply with 

this policy and make sure that the “second source” supplier could create an identical product firms 

exchanged designs and substantial production process knowledge. This policy in itself created 

massive technological spill-overs and knowledge sharing within the US technology sectors. Also, the 

US military had strong aspirations for ICT and its applications and because of such they levied heavy 

pressure on academic and government institutions to innovate within this sector.  

   The post-war US witnessed a fundamental change in the influence and hence source of its 

innovation. Prior to war innovation within US stemmed from an exploitation of its own abundance of 

natural resources. Though post-war US still benefitted from a large domestic market as before the 

war, post-war US had shifted to the exploitation of a large endowment of science and engineering 

human capital from foreign and domestic sources (Bruland & Mowery, 2006). The growing 

institutional infrastructure that was created over the 20th century enabled the US to produce and train 

large quantities of technologically skilled labour making the US human capital intensive in 

specialized technology sectors. This initial abundance in the endowment of skilled human capital 

following the Second World War helped support the substantial economic growth seen within the US 

during and following the war. The initial advantage of the US in human capital would be lost as other 

nations direct large quantities of government capital into education and strong R&D infrastructures 

(Nelson & Wright, 1994). With the return of international trade flows other nations were able to take 

advantage of scales of economies and turn the tide of US dominance in manufacturing. Towards the 

end of the 20th century nations like South Korea and Taiwan were able to use these scale economies 
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with human capital endowments to catch up to other industrialized nations even in the face of limited 

natural resources at home (Bruland & Mowery, 2006).  

   Over the course of the past 200 years there has been drastic change in the causes and the effects of 

innovation. The creation of innovation has gone from something brewed up in the back shops of 

homes and trades places by individual inventors/entrepreneurs to scientific, research and development 

intensive ventures encompassing scores of teams, potentially at several different firms and research 

institutions. The R&D required for innovation today is a massive undertaking requiring the allocation 

of large quantities of capital input as well as technologically educated human capital. To achieve the 

high level of capital and intensive human capital input to gain innovation out of R&D the government 

now often has to play a central role through a number roles such as fronting the capital for innovative 

ventures as well as providing the legislative and institutional reforms and structures to improve the 

innovation process.  

3. STI Policies: Science, Technology and Innovation Policies 

   With the third industrial revolution witnessing a drastic increase in the government’s role in the 

innovation process a fair amount of research has been done on the type of government policies 

implemented to influence the innovation process in the hopes it will cause long term economic 

growth. Government policies of this kind are often labelled science, technology and innovation 

policies. Each distinct kind of policy has different attributes but can be readily ear marked to certain 

time period in the economic growth of most industrialized nations (especially those early 

industrialized nations). However, there is significant overlap between the functions and objectives of 

these three policies and it will be shown that though science policy predates that of technology and 

then that predates innovation policy, each builds on the former leading to modern day innovation 

policies and systems. It should be noted it is not uncommon to still have science and technology 

policies still being implemented alongside modern innovation policies.  

3.1 Science Policy 

   Science policy has its roots in the Second World War. Though, governments, both at a regional and 

federal level, funded research at the universities and the training of scientists, it was for mostly 

historical and cultural reasons. It would not be until after the Second World War that government 

intervention in world of science would be considered as a tool for increased production and social 

welfare. Early work on science policy was done by Bernal (1939) and Bush (1945). Bernal was an 

early studier of R&D measurement in England was a strong proponent of increasing R&D effort for 

stimulating economic growth and welfare. Bush outlined the purpose of a science policy in his report 

“Science: The Endless Frontier” in which he advocated a science policy for the post-war United 
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States. In this report he proposed science policy as a means to contribute to national security, health 

and economic growth.  

   The events of the Second World War and the Cold War aided the establishments of science policies 

especially within the US. The Manhattan Project during the war which brought about the creation of 

the nuclear bomb and many technologies that would be applied to nuclear power production 

showcased how with significant input from the central government any and all obstacles could be 

overcome. The break out of the Cold War and the resulting arms and space race further bolstered a 

need and effectiveness of a strong science policy.  

  The critical purpose of most science policies is to allocate the right amount resources to scientific 

ventures. It is the purpose of the policy to maximize the efficiency and social welfare gained from this 

allocation. Science policy often involves regulating the quantity and quality of students and 

researchers at universities, research institutes, technological institutes and R&D laboratories. Science 

policy is the start point and basic groundwork for the later technology and innovation policies. 

Science policy provides the internal regulation of the research institutions and as such regulates them 

as a part of an innovation system (Lundvall & Borras, 2006). The government actors that make the 

science policy decisions usually include ministries of education and research as well as research 

councils. However, other ministries including defence, health, transport, environment and energy 

often play a role in science policy decisions (Lundvall & Borras, 2006). These ministries and councils 

allocate funding to research institutions while providing subsidies and tax breaks for private firms.  

   There are a number of critical questions concerning science policy like the morality behind 

government intervention in science and whether it leads to an optimal outcome for the benefit of 

mankind and knowledge, or how the quality of a science policy can be effectively graded. However, 

for the purposes of this paper it will not be discussed but further insight into the matter can be found 

in the work o Lundvall & Borras (2006). 

3.2 Technology Policy 

  As mentioned above Science policy focuses on government intervention in allocating resources for 

scientific ventures and seeks to strengthen the linkage between research institutions, government and 

industry. Technology policy on the other hand is the use of specific policies that focused on 

technologies and sectors (Lundvall & Borras, 2006). Often the focus of technology policy was on 

heavily science based sectors of the economy such as nuclear power, space technology, computers, 

drugs and genetic engineering. These sectors were at the time seen as being at the very core of 

economic growth due to their pushing the boundaries of scientific imagination as well as 

encompassing a high rate of innovation. These factors lead these sectors to open up new commercial 

opportunities while addressing rapidly growing markets (Lundvall & Borras, 2006).  
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    The use of technology policy may be change depending on the economic status of the nation using 

such policies. For high income nations technology policy often uses policies and tools that will 

advocate a capacity to innovate, produce and apply new science-based technologies. For low income 

nations however, technology policies would try to absorb and implement new technologies as they 

come on the market (Lundvall & Borras, 2006). These policies were often triggered in high-income 

nations when national political or economic interests were at stake. The space race between the US 

and USSR that was mentioned before is a prime example of something that may trigger new 

technology policies. Indeed the space race witnessed the US undertaking one of the largest, ambitious 

and daunting technological ventures of all time by committing itself to sending a man to moon before 

the end of the 1960’s. For lower-income nations technology policies often were incited by a need to 

play economic catch-up as in the case of South Korea and Taiwan.  

   The role of technology policy is not that far removed from that of science policy. While the 

universities, research institutions, technological institutes and R&D laboratories remain an integral 

part of technology policy, much like science policy, there is a shift in attention towards engineering, 

and the internal organization of universities and other research centres towards how they are linked to 

industry. All of this showcases a shift from the broader philosophical considerations of science policy 

to an increased instrumental focus on national prestige and economic interests (Lundvall and Borras, 

2006).  

   The policy actors and instruments used in technology polices are more specific than those used in 

science policies. The actors usually used in these policies are normally ministries at the sector level. 

These actors are charged with promoting and some cases procuring technology from specific sectors 

for a number of government obligations such as health or defence. Ministries for education and 

research are still valuable players providing a crucial role in the organization and training of scientists 

and engineers (Lundvall & Borras, 2006). Also, it should be noted that government authorities in 

charge of regulating competition may have an impact on the outcome of certain technology policies. 

There are a number of instruments used to implement technology policies. It is argued that public 

procurement is in itself yields the most efficient combination of instruments. Public procurement 

allows the government to be in a better position to choose the appropriate instruments by being the 

leading user of the product and the confidence that comes with it (Edquist et al. 2000). Of course there 

is the expected direct government instruments that can used such as subsidies and tax breaks for firms 

pursing R&D in related technology sectors as well as continued funding of programs at universities 

and R&D institutions that are researching a specific technology of interest. In commercial 

applications of new technologies there me use of sector or technology specific instruments promoting 

economic incentives as well as potential protectionist trade policies (Lundvall & Borras, 2006).  
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   Technology policy, much like science policy, is considered to be an ideal policy type which as 

Lundvall & Borras claim serves a good purpose for broad analytical purposes. However, they note 

that “in the real world of advanced capitalist economies, however, the policy focus, instruments and 

actors involved in science and technology policy-making are not always easily grouped into one or the 

other of these categories” (Lundvall & Borras, 2006, p. 611). Much of these policies can overlap into 

one another, with the objectives and outcomes of both policies often being shared and it being 

sometimes hard to distinguish between the two.  

3.3 Innovation Policy 

   In the study of innovation policy there are two competing approaches to this field. On the one hand 

there is the “Laissez-faire” approach which emphasises non-intervention and has a focus on 

framework conditions instead of specific sectors or technologies. On the other, there is the 

“systematic” approach that focuses on innovation systems where it is required that major policy fields 

be considered for a proper analysis of how they contribute to, and effect innovation.  

   The first approach has several varying degrees to how it is interpreted. An extreme version of this 

approach would see basic research and education as the only public ventures to be undertaken with 

intellectual property right protection as the only government regulation required. A more moderate 

version would see public initiatives used to promote entrepreneurship through positive promotion of 

science and technology. This approach rests upon the basic economic assumption that firms always 

know what is best for them and will act accordingly (Lundvall & Borras, 2006). The free-market and 

competition are seen as the best pre-requisite for innovation within this approach.  

   The systematic approach sees the market place as imperfect; that the distribution of competence 

among firms is unequal and that the development, absorption and implementation of new technology 

cannot be quickly diffused among firms. Also, this approach assumes that the “market failure” of 

neoclassical economics may not explain the full extent of failures within institutions to coordinate, 

link, or address various systematic needs (Edquist, 2006). Though the systematic approach does take 

into consideration the need for competition within the market place it also considers the need for 

vertical cooperation between users and producers. In the case of generic technology development it is 

also considered necessary for some horizontal coordination among firms. This approach considers that 

different national economies utilize different institutions in a variety of ways and because as much it 

affects the kinds of technology and sectors that would have the most advantage in a specific national 

context (Lundvall & Borras, 2006). Any innovation policy and subsequent innovation system needs to 

be tailor-made to the individual characteristics of a particular nation.  

   One can expect the utilization of the innovation process in both approaches with the diffusion, use 

and marketing of new technologies. They can be considered an economic policy with a larger focus 
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on innovation than on allocation (Lundvall & Borras, 2006). Both place a higher priority on the role 

of institutions and organizations than either science or technology policy. With either of the 

approaches the major objectives of innovation policy is economic growth and international 

competitiveness.   

   The concept of innovation policy came to light in the 1970’s during the drastic slow-down in 

economic growth rates, something that hadn’t been witnessed since before the Second World War. 

When economic growth became sluggish it was assumed that an inability to exploit technological 

opportunities was at the heart of the issue. To this day the cause of TFP slowdown has yet to be fully 

explained. Also, the need to understand the potential to promote growth from the supply side was seen 

as an important factor in the wake of restrictive economic policies being used at that time to fight 

inflation (Lundvall & Borras, 2006). 

   The instruments used to implement an innovation policy include the regulation of intellectual 

property rights and providing access to sufficient venture capital to undertake innovative projects. 

Lundvall and Borras (2006) argue that there is a distinction in innovation policies that lie between 

initiatives aiming at promoting innovation within the institutional context and those aiming at 

changing the institutional context in order to promote innovation. For them those initiatives promoting 

innovation within the institutional context overlap with the instruments used in science and 

technology policies. Those initiatives changing the institutional context include reforms of 

universities, education, labour markets, capital markets, regulated industries, and competition laws 

(Lundvall & Borras, 2006).  

   There are issues concerning the implementation of innovation policies. One is the extent to which 

other policies including but not just pertaining to science and technology policies, need to be adapted 

to promote innovation and whether they need to be adapted at all. There is also a concern of to what 

extent public sector intervention should go. If innovation is a direct result of the internal organization 

of individual firms, does the government have a role to play in the internal decision process within 

firms? The role of the government in this matter is not self-evident.  

   The implementation of an innovation system still includes elements of both the science and 

technology policies like universities, research institutes, technological institutes, and R&D 

laboratories. However, the focus of policy shifts away from just universities and technology sectors 

towards all sectors of the economy that may have an impact on the innovation process (Lundvall & 

Borras, 2006). For this reason innovation policies utilize the same instruments of science and 

technology policies among others. However, unlike science and technology policies special attention 

is placed on the institutional and organizational aspects of innovation systems and seeks to understand 

the social and complex processes involved. See Figure 1 for policy instruments for science, 
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technology and innovation policies; note the overlap of science into technology and both into 

innovation. 

   As innovation policies are supposed to be concerned with all aspects and sectors of economy 

relating to innovation in principle most ministries within a government should be involved with the 

implementation of an innovation system. In Finland, The Netherlands and Denmark large proportions 

of all governments sectors are utilized in a national innovation system (NIS). For an innovation 

system to be successfully implemented with socially relevant and clear policy programs there should 

be an open interaction and dialogue between government authorities, and firms, trade unions and 

research institutions (Lundvall & Borras, 2006).  

   Anyone of the three STI policies could be used as an effective tool for promoting economic growth. 

Today nearly all industrialized nations utilize one of these policy tools if not all three. As mentioned 

above a number of European nations have since the 1990’s been implementing complete top down 

national innovation systems where there is large coordinated efforts among ministries, established 

regulations and laws, and cooperation with players on the market for the promotion and development 

of innovation.                 

3.4 Government, R&D and Economic Growth 

   The role of the government to stimulate economic growth through the promotion of R&D and 

innovation has substantially increased since the early 20th century. As shown above there has been a 

dramatic transformation in the innovation process over the past 250 years. Innovation is now the 

realm of a complex network of social and knowledge based variables requiring substantial effort and 

resources for even the slightest breakthrough. It is argued by some that investments in R&D and 

human capital have done little to improve economic growth rates (Jones,1995). However, it cannot be 

ignored that substantial government investments in R&D and human capital during and immediately 

following the Second World War led to a number of innovations and economic growth. Government 

involvement through the enactment of policies that create and promote innovation and innovation 

processes is of vital importance to any modern nation seeking long-term economic growth.         
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4. Nuclear Innovation Process 

   The nuclear sector within itself contains its own specific innovation process. Due to the size and 

scope of this sector it involves a substantial involvement from the government. This sector relies on 

the government for a wide array of inputs from funding, to facilities to institutional regulations and 

laws. The innovation process for the nuclear sector involves many of the above mentioned science, 

technology and innovation polices. It is hoped that this section will provide the reader with a clear 

understanding that innovation within the nuclear sector requires substantial aid from the government.  

4.1 The Nuclear Sector 

   As mentioned above the size and scope of the nuclear sector is quite substantial and because as such 

the innovation process around it contains certain particular characteristics. The Nuclear Energy 

Agency (NEA) would break these characteristics into four sub-groups: technology and knowledge for 

nuclear energy use, nuclear energy industry market, financial and economic environment, and legal 

and socio-political environment. Due to the nature of nuclear technology it development requires long 

lead-in times requiring large, complex, multi-system test/experimental/fabrication facilities, and 

energy generation plants with nuclear grade quality requirements (OECD, 2007). As a technology this 

sector requires extensive research encompassing a broad range of disciplines and as such it often 

requires a complex, resource-intensive, and long-term R&D effort. Also, concerns of nuclear non-

proliferation and radiation protection must be taken into account as well.  

   The market for the nuclear sector is described as relatively low-volume but high-value with 

suppliers, utilities and the government being the main drivers of research (OECD, 2007). Due to the 

military application of nuclear technology the market is subject to substantial international regulation 

and scrutiny, with strict international agreements and export controls. Investment in nuclear 

technology can be seen as a trade-off over time as the initial investments costs of nuclear technology 

is quite high. However, low unit costs of fuel and operations coupled with a long technical lifetime 

makes for a high long term returns on invested capital. It should be noted that there is inherent social 

and political considerations concerning the nuclear sector due to differing public perceptions of the 

benefits and disadvantages of the technology.  

4.2 Nuclear Innovation Systems 

   The innovation process often is seen as a complicated system of a number of variables. Figure 2 

provides a list of characteristics presented in the OECD’s Innovation of Nuclear Energy Technology 

handbook of 2007. These characteristics are all required for any nuclear program to become 

successful and sustain innovation. Past failures in the nuclear innovation systems have come from  
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Characteristics of Nuclear Innovation Systems  

 

Driving forces of nuclear innovation: The driving forces for nuclear innovation differ depending on 
the target technologies as well as on national and international environments. However, it is clear that 
there are certain fundamental driving forces for nuclear technology innovation that can be broadly 
grouped in three categories: market drivers, political/public drivers, and technical drivers. 
 
Main actors: Nuclear innovation involves a broad range of actors, such as government and 
governmental bodies for policy setting and safety regulation, R&D performers (e.g., public research 
organisations, industrial research organisations, universities), system/service suppliers (e.g., nuclear 
vendors, component suppliers, fuel suppliers, engineering companies) and energy providers (e.g., 
utilities, heat suppliers). Their roles and the intensity of their relationships are different among the 
countries and have been changing in response to changing global and local circumstances. 
 
Institutional frameworks: The environments where nuclear innovations take place comprise many 
frameworks such as national policies, national nuclear programmes, funding mechanisms, innovation 
incentives, public and private partnerships (PP/P), international collaboration, and nuclear education 
and training. These frameworks, usually set by governments and promoters of nuclear innovation, 
include many diverse, country dependent measures. In some countries, such frameworks are provided 
under the label of general science and technology without explicit mention of “nuclear”. 
 
Human resources and infrastructure: A country’s or company’s capacity for innovation depends on 
the availability of qualified human resources, access to R&D facilities and knowledge, organisational 
culture for innovation, etc. International and inter-sectoral collaboration in these regards is gaining 
importance. 
 
Programme management practices: Effective management of innovation programmes requires a 
sound visioning and planning process, and proper evaluation and oversight mechanisms, especially 
because of the numerous uncertainties and possible biases in the process. Exercises of visioning and 
planning have taken place in many countries and oversight processes are under implementation in 
various forms. 
 
Nuclear legal frameworks: The special characteristics of nuclear technology require nuclear 
development to be performed within the nuclear specific legal frameworks on health and safety 
regulation, non-proliferation of nuclear weapons and export control. These well-established legal 
frameworks, either national or international, can have both positive and negative impacts on nuclear 
innovation 
 

Figure 2. Innovation in Nuclear Energy Technology, OECD, 2007, NEA No. 6103. 

a variety of sources. Like other technological sectors this one can fail due to a lack of competitiveness 

within the market, a lack of focus, failure to respond to market requirements, lack of clear decision 

making for R&D direction, radical changes in the political and economic environment and a number 

of other failures usually associated with technology sectors. There are several potential failures that 

are particular to the nuclear sector as well. These include reduced competitiveness due to increased 
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requirements for safety features, politically driven decisions, lead times that are too long, concerns of 

neighbouring countries including their anti-nuclear groups (OECD, 2007). There are number of 

challenges that face the nuclear sector. In Figure 3 a list of the potential challenges and 

recommendations has also been taken from the OECD’s Innovation of Nuclear Energy Technology 

handbook of 2007.  

   Having looked at the peculiars of the nuclear sector and its innovation process it is clear to see that 

the government has a large and clear role to play. From the start to the finish of nuclear programs 

government inclusion is of vital importance providing essential funding and support. The government 

support of the nuclear sector is quite broad reaching and variable-time depending. The most obvious 

and tangible role of the government comes from basic financial support for such programs: research 

grants, taxes, subsidies etc, directly inputted into nuclear programs. Also, the creation and 

implementation of nuclear innovation systems are an important, obvious role played by the 

government as the systems, regulations and laws established are nuclear sector specific.    

   However, there are numerous other important implications and roles that the government may play 

and not all were necessarily for the establishment of nuclear programs. The establishment of 

institutions in the past that allowed for the possibility of nuclear research to take place in the future 

are all a part of the considerations when discussing the role of the government. The establishment, 

promotion and funding of universities, research institutions and R&D laboratories for basic research 

in the late 19th and early 20th century by Germany and the United States led to the breakthroughs and 

knowledge in physics, chemistry and engineering that allowed the Manhattan Project during the 

Second World War and the future of the nuclear technology to come into existence. Continued 

support of research in all areas of science and technology may in the long-run have a major impact on 

the outcome of nuclear research and innovation. Also, previous regulations and laws may have had 

and still might have an impact on nuclear research: these include regulations on intellectual property 

rights; social, economic and environmental regulations and laws etc.  

Challenges and Recommendations 

 

1) Policy aspects: Governments interested to ensure that nuclear power has an ongoing and enhanced 
role in their energy supply mix should provide long-term policies, within an adequate framework 
of national policies and international rules, and funding support for the development of innovative 
nuclear energy systems. In particular, governments need to trigger innovation when it is uncertain 
who will initiate it or when no entity seems prepared to pursue apparent market opportunities. The 
multidisciplinary nature of nuclear energy development requires strong governmental 
coordination. Also, special attention should be given to national innovation systems as a whole, 
which should incorporate all areas of science and technology and provide a context for the nuclear 
innovation system. Governments, regulators and industry need to ensure that policies and 
programmes are in-place for short-, medium- and long-term nuclear R&D. International 
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organisations could provide platforms for the coordination of such national policies and 
programmes. 

 
2) Visioning and planning: The realisation of innovative ideas in a controversial environment needs 

strong leadership and direction in a top-down approach: for current systems, leadership should 
stem primarily from the industry; for long-term developments, direction from governments or 
public institutions is required; and for near-term deployments, a coordinated steering from industry 
and governments seems appropriate. Visioning and planning of nuclear RD&D programmes 
should define in an early phase success criteria and adequate milestones, ideally before launching 
such programmes, the achievements of which should be reviewed independently and periodically. 
In such approaches, the roles of promoters and R&D performers should be clearly defined from the 
very beginning. Demand analysis: A market evaluation for the foreseen products by the innovation 
promoters and the R&D performers should take place at an early stage of the short and medium 
term R&D projects, and efforts should be focused on products with clear market horizons. Such 
market analyses should be updated periodically. 

 
3) R&D strategy: The strategy of R&D towards innovative nuclear systems should be based on a 

stepby-step approach including mid-term solutions as well as long-term products. It is not 
sufficient to focus only on promising long-term solutions without providing any intermediate 
results. While it is wise to start with exploring a large scope of different technological paths to be 
sure not to miss optimal solutions, the strategy should include a down-selection process at a time 
point predefined and not too far in the future. The strategy should also include appropriate 
measures to strengthen the cooperation with the non-nuclear R&D sector; this would create 
opportunities for accessing novel technological possibilities developed in other sectors and for 
non-nuclear spin-offs of nuclear R&D. Funding: Public funding is required at the beginning of the 
innovation process, but should evolve towards substitution by industrial funding going through 
PP/Ps as an intermediate stage. In any case, funding of innovation oriented R&D should be stable 
in a long-term perspective and not be questioned or revised as long as the milestones and the 
promised intermediate deliverables are fulfilled. The preparedness of governments to allocate 
funding for R&D on innovative solutions will increase if progress and success oversights similar to 
the ones implemented for industrial R&D are in place. 

  
4) Human resources and infrastructure: Nuclear R&D requires specialised human and 

infrastructural resources. National strategies, including international approaches, should be 
established to develop and preserve knowledge and to build and maintain the necessary 
infrastructures. The availability and mobility of specialised people can be enhanced through 
instruments such as mutual recognition of education, training and R&D activities of different 
institutions in different countries, and a globally accepted common qualification system. Databases 
of available facilities with corresponding capacities, of ongoing R&D programmes with main 
milestones and deliverables and an “address book” of experts with their specialisation are 
appropriate tools to enhance the exchange of expertise and available knowledge, to facilitate the 
sharing of R&D infrastructure, and to provide systematic and up-to-date information about 
existing facilities, ongoing R&D activities and knowledge-holders. 

 
 
5) Partnerships and clusters: PP/Ps between public research organisations and industry offer 

excellent opportunities to bring closer the innovative spirit of researchers with the relevant issues 
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to be resolved. To facilitate the contacts between research institutions and industrial partners, it is 
desirable to establish adequate public institutions dedicated to the initiation and promotion of 
innovation, which encourage researchers to approach industry and reduce the risk to the industry 
by providing seed funding during the most uncertain phases of innovative R&D activities. They 
may have the duty to educate potential customers towards innovation and function as “committees 
of promoters”. Each sector promoting nuclear R&D should work in a coordinated way. Research 
centers should specialise in specific areas and the constitution of clusters both at a national and 
international level should be encouraged. Promoters and industry should encourage this 
specialisation by using specific research centers for specific areas. 

 
6) Education and training: R&D directed towards innovative solutions for current and upcoming 

problems is an excellent means to attract young specialists. Parallel to providing opportunities for 
enabling or encouraging innovative R&D, governments need to ensure that policies and 
programmes are in place to support and encourage scientific and technical education and training 
to help provide the necessary human resources to implement nuclear innovation systems. Industry 
and utilities, on their side, should use the opportunity to fund or co-fund nuclear-specific education 
at all levels (technical and scientific) for their own benefit. 

 
7) Safety regulation: Nuclear regulatory bodies should be timely involved in innovative development 

activities to become familiar with new technologies and to establish necessary methods and tools 
for their assessment; this would help them to avoid unnecessary delays in licensing that can 
discourage potential future users of such systems. Harmonisation of national regulations can 
enlarge the international market for innovative products and, thus, increase the attractiveness of a 
proposed innovative R&D activity for potential promoters or enlarge the circle of institutions 
interested in international collaboration. Considering the need for intensive international 
collaboration, regulatory bodies should put increased emphasis at national level on compliance 
with international codes and standards. Regulatory bodies should also aim themselves at 
implementing innovative regulatory approaches. 

 
8) Public acceptance: Promoters of technological innovations should communicate clearly and timely 

the beneficial features of new nuclear technologies, while making especially clear where are the 
limits of such systems, and what will never be possible. The availability of such new technologies 
should not be promised overly optimistically to avoid deception of the public, loss of credibility of 
the promoters and premature obsolescence of currently operating systems. In doing so, innovative 
communication approaches should be sought to promote future nuclear energy systems, which 
bear the burden of a highly controversial discussion on nuclear technology in the past. 

 
9) International collaboration: International collaboration will be instrumental to the success of 

innovative nuclear R&D activities in terms of sharing financial burdens, optimizing the use of 
existing resources, avoiding duplications, exploiting synergies and enhancing mobility of 
specialists and knowledge. Governments and international organisations should encourage and 
facilitate international collaboration on innovative nuclear systems and information exchange on a 
broad cross-sector range including the establishment of clear cooperation rules and coordination 
instruments in the framework of international bodies including representatives from both 
governmental and industrial entities. On an institutional level, mutual and systematic information 
exchange about national R&D programmes is desirable for the awareness of the international 
community regarding ongoing R&D and the preparedness of research institutions to join such 
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R&D programmes. 
Figure 3. Innovation in Nuclear Energy Technology, OECD, 2007, NEA No. 61034      

5. Anti-Nuclear History and Policies in Germany 

5.1 Background to Issue 

   Anti-nuclear sentiments can be traced back to the 1950’s in West Germany. Much negative 

sentiment was based around the question of nuclear waste disposal and safety from potential dangers 

of radiation exposure. However, German politicians of both the left and right had, by the mid 1950’s, 

shifted into positions that openly flaunted the exploits and advantages of nuclear power. With 

approval from the federal government a number of reactors were constructed around the country often 

in rural settings. Their construction however did not go unnoticed. Local farmers, clergy, educators 

and parent groups became increasingly concerned about this technology in their backyard and the 

potential threats these reactors posed. The concern for nuclear power continued to grow. 

   A landmark case of the anti-nuclear movement in Germany concerns the little town of Wyhl. This 

tiny hamlet is located in south western Germany between the university town of Freiburg and the 

Alsace region in France. The area was and is known for its prime wine making where for centuries 

local vineyards had grown and pressed grapes. In 1971 Wyhl was selected as a proposed site foe one 

of Germany’s new nuclear reactors. The selection of Wyhl as a potential reactor site did not sit well 

with the local population. The reactor was quickly seen as a potential threat to the livelihood of the 

area and its residents. Negative sentiment over the construction of the reactor continued to grow such 

that by early 1975 over 50 locally organized citizen initiatives had been organized across the Wyhl 

area as well as in neighbouring townships in France and Switzerland to protest the reactors 

construction.  

  Even with continued protest from local communities Wyhl was sanctioned as a final site for a 

nuclear reactor and in early February, 1975 earth work began at the reactors construction site. The 

continued public outcry from local residents caught the attention of a growing number of 

sympathizers including the students and faculty members of universities in Freiburg. With the support 

of these sympathizers a massive protest at the construction was able to take place. This protest drew 

out over 28 000 demonstrators to the construction site which they proceeded to storm and occupy. In 

the midst of the demonstration the protesters were able to throw together a make-shift village 

including cooking and eating areas as well as teach-ins and direct democracy. The sheer size and 

organization of the protest was enough to force local government and German energy giant 

Badenwerk to declare an indefinite postponement of construction. This surprising victory was 

unprecedented in Germany’s history and would go on to set the tone for the anti-nuclear movement 

within the nation for years to come.  
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   Politically, support for nuclear power was strong until the Chernobyl disaster of 1986. This disaster 

prompted the Social Democratic Party (SPD), originally a strong supporter of nuclear energy, to pass 

a resolution in August 1986 to phase-out nuclear power within 10 years. This resulted in the 

immediate termination of nuclear R&D in high-temperature gas-cooled reactors and fast breeder 

reactors, essentially pulling the plug on 30 years of research. With the reunification of Germany in 

1990 this resolution was not upheld and the Christian Democrats (CDU) who were in power resisted 

the phase-out. They held power until 1998 when they were defeated by a coalition of the Green Party 

and the SPD, the Red-Green Coalition. 

   The Red-Green Coalition pursued a renewed effort of a nuclear power phase-out. In 2001 an 

agreement was reached and signed into effect between the government and the four major energy 

companies within the nation. The agreement saw a lifetime power cap being placed on the then 19 

operating nuclear reactors. This cap was 2623 kWh, roughly averaging a lifetime of 32 years. This 

new agreement saw the closure of three reactors between in 2003 and 2005. Also, this agreement 

prohibited the construction of new plants and introduced the principle of on-site storage of spent fuel 

(World Nuclear Association (WNA), 2012). This agreement became known as the Nuclear Exit Law. 

This policy is seen as a political compromise as in effect it allowed for little political interference 

while allowing for a basis and plenty of time for the creation of national energy policy (WNA, 2012) 

   When the CDU and Liberal Democrat Party (FDP) formed a coalition government in 2009 they 

committed themselves to rescinding the phase-out policy established by the Red-Green Coalition. In 

September of 2010 an agreement was reached in which the licenses of reactors built before 1980 were 

to be extended 8 years and those built after to 14 years. Also, several new measures were enacted 

including: a tax of EUR 145 per gram of fissile uranium or plutonium fuel for six years, yielding EUR 

2.3 billion per year (about 1.6 c/kWh); payment of EUR 300 million per year in 2011 and 2012, and 

EUR 200 million 2013-16, to subsidise renewables; and a tax of 0.9 c/kWh for the same purpose after 

2016 (WNA, 2012). These measures were confirmed by a parliamentary vote on two amendments of 

Germany’s Atomic Energy Act in October, and were later confirmed in the upper house in November 

(WNA, 2012).    

   Though at the time the Red-Green coalition failed to achieve its aimed goal of complete nuclear 

shutdown it did help establish a new phase in the history of Germany’s energy sector. At the 

insistence of the Green party the Red-Green coalition established a number of subsidies and tax 

breaks to the consumers and producers of renewable energies. The German Renewable Energy Act 

(Erneuerbare Energien-Gesetz, EEG) came into effect in 2001 (German Renewables Energies Agency 

Information Platform, 2008).The establishment of this law has resulted in the creation of over 400 000 

jobs within the renewable energy sector with solar panel and wind turbine technology representing the 
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largest portion. The Act has helped establish Germany as the world’s leading supplier of renewable 

energy technology.  

   Paul Hockenos blames Germany’s quick of acceptance renewable energy sources on three reasons: 

1) Nuclear energy is unsafe, citing examples of Chernobyl, Three Mile Island, Fukushima and others, 

2) there is not solution to the problem of nuclear waste storage, and 3) that the time has come for 

alternative, renewable energy sources and missing out on this opportunity will deprive any nation of 

clean abundant energy as well as the economic profits and jobs created by it.  

5.2 Fukushima and the Aftermath 

   At 05:46 GMT on March 11, 2011 an earthquake of magnitude 9.0 was registered 70km off the 

coast of the Tohoku, Japan. Happening at an underwater depth of 32km the earthquake triggered a 

massive tsunami. Travelling at speeds up to 500mph with a wave heights reaching over 40 metres the 

Tsunami wreaked havoc along the Japanese coastline. The most severely hit places were at the north 

eastern part of the main Japanese island of Honshu. For the city of Miyako waves were able to reach 

as far in land as 10km in several parts of the city (BBC, 2011).  

   The death and destruction of the earthquake and resulting tsunami were unprecedented in Japanese 

history. The damage was so extensive that it took over a year for all the numbers to be compiled and 

verified. On March 11, 2012 The Japanese National Police Agency released their final numbers on the 

aftermath results of the tsunami. The agency found the catastrophe had resulted in the confirmed 

deaths of 15 854, with 26 992 injured and 3 155 missing (National Police Agency, 2012). Furthermore 

the tsunami had resulted in the collapse of 129 225 buildings, the partial collapse of 254 204 more and 

the partial damage of 691 766 (National Police Agency, 2012). An estimated 4.4 million people were 

left without electricity while a further 1.5 million were left without running water immediately 

following the disaster (NPR, 20119. The estimate cost of damages done has been varied, but the 

World Bank has given an estimate of US$235 billion . This absurdly high cost makes the Japanese 

Tsunami of 2011 the most expensive natural disaster in the history of the world (Kim, 2011).  

   One of the most important and frightening events of Japanese Tsunami disaster involved the crisis at 

the several of the Fukushima nuclear power facilities. Though designed to withstand substantial 

earthquakes with a number of failsafe modes to compensate for such a disaster the plants were 

insufficiently designed for the double-whammy of a 9.0 earthquake followed by a large tsunami. 

When the earthquake struck at 05:46GMT the reactors at both the Fukushima Daiichi and Daini 

facilities (normally referred to as Fukushima No. 1 and No. 2) did as per the failsafe modes were 

suppose to and immediately shutdown the reactors. As per the failsafe mode, continued cooling was 

maintained by a series of emergency diesel generators. When the tsunami struck the Fukushima area 

with waves up 14 metres high these generators were knocked-out. With no emergency power to 
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maintain cooling of the reactors partial meltdowns occurred at the reactor units 1, 2 and 3 at the 

Daiichi facility with several large explosions taking place from built-up hydrogen gas. This resulted in 

the release of large quantities of radiation forcing the immediate evacuation residents within a 20km 

radius about the facility which was to be later extended to 30km (IAEA, 2011).  

   At the Daini facility the fast and hard work of the staff prevented any sort of meltdown or explosion 

from taking place. Four days following the tsunami all four reactors at Daini had reached cold-

shutdown status and were labelled as non-threatening. However, in the process of cooling the reactors 

over 7000 gallons of sea water were used and 3000 gallons of this were found to contain some form of 

radiation. Initially this sea water had been planned to be dumped back into the sea but the Japanese 

Fishery Agency denied permission owing to the radiation. As of today the emergency at the Daini 

facility is over where at Daiichi there is still substantial radiation leakage. The crisis at the Daiichi 

facility warranted an International Nuclear Event Scale of Level 7 citing widespread health and 

environmental effects requiring implementation of planned and extended countermeasures due to a 

major release of radioactive material (Daily Mail, 2012).  

   The nuclear crisis at the Fukushima facilities prompted an international reflection on the safety and 

future of current nuclear technology. The evidence that has come from Japan over the past year points 

to a number of short comings within the Japanese nuclear society highlighting negligence and naivety 

on the part of the government and operators of Japanese nuclear plants. However, with the damage 

already done, the nuclear accidents at the Fukushima facilities has re-kindle anti-nuclear efforts the 

world over.  

5.3 Germany’s New Stance 

   The nuclear incidents at Fukushima has kick started a re-newel in the anti-nuclear campaign within 

in Germany. In what has been called “the swiftest change of political course since unification” the 

German government of Chancellor Angela Merkel immediately suspended its decision to overturn the 

Nuclear Exit Law from the previous year. The incidents at Fukushima prompted the government to 

immediately take offline seven of the Germany’s oldest plants for review. On May 30th, 2011 

Merkel’s government announced the immediate shutdown of the eight oldest plants with a planned 

phase-out to immediately take place that would see the remaining ten of Germany’s plants shutdown 

by 2022 (Economist Intelligence Unit). In an announcement to the press German Environment 

Minister Norbert Rottgen stated that “It’s definite. The latest end for the last three nuclear power 

plants is 2022. There will be no clause for revision” (BBC News, 2011). 

   Merkel’s government had the year previous overturned the Nuclear Exit Law established by the 

Red-Green coalition and extended the life of German nuclear plants by an average of 12 years. At the 

time the German government considered the move necessary claiming “they needed to keep nuclear 
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energy as a “bridging technology” to a greener future” (BBC News, 2011). This decision to extend the 

life of the reactors was considered unpopular at the time within Germany. The disaster in Japan and 

the resulting nuclear crisis at Fukushima witnessed a complete U-turn from the Merkel government 

drawing much criticism from both the opposition and fellow party members within the process. The 

rapid policy shift has been received with differing opinions within the German political and economic 

world with some seeing the policy as a case of too much too soon while others with a more anti-

nuclear stance believe the move as too little demanding the immediate shutdown of all seventeen 

reactors instead of the proposed phase-out.  

   It is interesting to note that the Merkel government’s drastic decision change stems from the 

Fukushima incident and not from the more immediate issue of the condition of the German reactors 

themselves. A number of the initial seven power plants closed for review and later permanently 

shutdown were already offline for much needed maintenance. Also, there had already been a number 

of nuclear accidents within Germany throughout the 1970’s and 1980’s that should of helped prompt 

action before the Fukushima incident. The immediate response from Merkel’s government following 

the disaster at Fukushima has been seen by some as a political move to further garner support for 

upcoming state elections; this was confirmed by a poll in which 71% of those who responded believed 

the swift change in nuclear policy of Merkel’s government was political posturing for upcoming state 

elections (Spiegel, 2011).    

  5.4 The German Nuclear Sector  

   The history of nuclear programs in both East and West Germany stem all the way back to the mid-

1950s. Initially these programs were merely for research purposes only. In 1956 the West German 

government established a number of nuclear research centres. Most of these centres, along with a 

number of universities were provided with research reactors. These facilities provided early research 

into a number of different reactor types utilizing different fuel methods and operating temperatures. 

The first of these research reactors was started up in 1960.  

   In East Germany the first nuclear research institute was established in 1956 and a year later it had a 

fully operational research reactor. This led to the first established nuclear reactor connected to the 

power grid in 1966 at Rheinsberg, three years before the first operational West German reactor at 

Obrigheim. From 1969 on both West and East Germany would go on to build a number of operational 

reactors. With the reunification of Germany there was an immediate closure of Soviet-designed 

reactors in East Germany due to substantial differences in technical and safety standards when 

compared to their Western counter-parts (WNA, 2012)..  

   As of 2010 the German nuclear sector was responsible for 133 billion kWH of the nations electricity 

supply representing 22.5% of the total supply. Other suppliers include coal 43.5%, gas 13.5%, 
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biofuels and waste 6.5%, hydro 4% and solar 2%. At 22.5% nuclear power is the second largest 

producing of electrical power in the country. With the nuclear sector representing such a large portion 

of the nation’s electrical supply there has been a number of negative sentiments raised of the 2011 

decision to abandon nuclear power. The immediate closure of those plants in 2011 resulted in 8336 

MWe being taken offline, or roughly 6.4% of the national generating capacity (WNA, 2012).  

   Economically, the immediate shutdown of those plants has netted the government a loss of around 

235 million Euros from lost tax revenues based on the nuclear tax scheme created in 2010. Also, due 

to the governments decision to proceed with the new phase-out plan without changing the tax 

regulations stipulated in the agreement of 2010 has resulted in a number lawsuits and claims for 

compensation being filed by the large utility companies as they see the government in breach of a 

contract that will cost the corporations millions. The German government is facing up to 10 Billion 

Euros in compensation fees due to the policy change (WNA, 2012).  

A large economic factor that has arisen from nuclear abandonment is the cost of replacing the energy 

loss. Estimates place a requirement to import some 25 000 MWe by 2020 from sources outside 

Germany. Germany already has an interconnection with its surrounding neighbours including France, 

Netherlands, Denmark, Poland, Czech Republic, Switzerland and Russia (WNA, 2012). The required 

imported energy will more than likely be coming nuclear sources from these interconnected countries 

as several, such as France and Poland, are expanding their nuclear capabilities. The KfW 

Bankengruppe estimates the 25 billion euros per year will be required to meet the government’s 

nuclear phase-out plans. They estimate that somewhere between 239-262 billions euros will be 

required between now and 2020 for investment into new infrastructure to cope with the phase-out 

plans. This includes 10 billion for a fossil fuel plant, 144 billion on renewables and 29 billion on 

3600km of high-voltage transmission lines (WNA, 2012).  

   It is interesting to note that none of these factors were considered when the government made its 

decision last year. Also, it is now known that the government ignored a study done by 

Reaktorsicherheitkommission or Reactor Safety Commission (RSK) in which it had found that all of 

the Germany’s reactors were safe and sound. Its report had tested the facilities against all natural 

occurring phenomenon, station blackouts, and cooling system failures as well as any possible man-

made events (WNA, 2012).  

6. The Effects of Nuclear Policy changes on R&D 

 6.1 Energy Policy and Financial affects to R&D 

   With the German Renewable Energy Act (Erneuerbare Energien-Gesetz, EEG) of 2001 and the 

phase-out of nuclear energy facilities within Germany brought about in 2002 by the enactment of the 
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Nuclear Exit Law there has been a dramatic shift in the promotion and direction of Germany’s energy 

sector. This shift has been towards renewable energy sources such as wind and solar energy. 

Government funding and support has refocussed itself onto these and other renewable energy sources. 

The anti-nuclear, pro-renewable energy stance of the German government has been reinforced with 

the Japanese Tsunami and nuclear accident of 2011.   

   With nuclear energy comprising over 20% of the German power supply it encompasses a rather 

large share of the energy supply within Germany. Recalling from previous sections of this paper 

R&D, innovation and economic growth are all inter-connected. Also, it has been established that 

government involvement in the process of innovation is a crucial factor especially for the nuclear 

energy industry. The question faced here is whether Germany’s anti-nuclear stance will have future 

economic ramifications as crucial government support of R&D and innovation is shifted away from 

this sector.  

6.2 Nuclear R&D Decline 

   As mentioned before R&D in the energy sector has been shifting away from nuclear power to 

renewable energy sources with major R&D being done in the fields of wind turbine and solar 

technology, particularly photovoltaic research. Since the late 1990’s there has been a continuing 

increase in government funding for R&D of renewable energy sources. In Figure 4 we can see that 

2005 witnessed a rather large increase in government funding with dramatic jumps in Photovoltaics, 

Wind and Geothermal. In particular Photovoltaics and Wind witnessed almost doubling of their 

funding from 2004-2005. It should be noted that all sectors shared in a reduction in funding in 2009 

most likely due to cut backs made during the recession of 2008/2009. However, 2010 did witness a 

return to the trend of increased funding for these renewable energy technologies.    

   As we can see from Figure 5 below government funding for nuclear R&D has been steadily 

declining since the mid-1980’s. However, the period of 1974-1985 is the time when Germany was just 

implementing its nuclear power sector which is the most likely reason for the substantially large 

government funding for nuclear research during this time period. As mentioned before the nuclear 

energy sector requires long lead-in times and substantial initial capital, this graph appears to display 

that trend. As the construction of the plants came to a completion we can see the expected rolling back 

of funding in this sector to an appropriate level that was maintained from 1993 to 1998. 



Jonathan Sheppard 

 

 

Figure 4.  Innovation Through Research: 2010 Annual Report on Rese

Ministry for the Environment, Nature Conservation and Nuclear Safety,

   As would be expected from the implementation of the German Renewable Energy Act of 2001 and 

the Nuclear Exit Act of 2002 we can see gradual but steady reduction in nuclear research funding 

from 2002 on, while there is a steady increase in funding 

note research funding for the decommissioning of nuclear plants steadily increases as soon as initial 

start-up costs start to decline. This would suggest that the decommissioning of these plants were given 

little thought until after they had reached or near

see an increased funding of nuclear fusion technology.    

There is one field of research for within the nuclear sector that has not seen major reductions in 

government funding. That is the field of nuclear safety and repository research. Germany has seen fit 

to maintain research funding these fields for a number of reasons. Germany recognizes that there are a 

number nations turning to nuclear power especially 

emissions. Germany has mandated itself to maintain research in this sector so to provide international 

aid and support within this field. Also, as other nations advance nuclear technology they feel it 

necessary to continue some level of research to maintain a high level of technological knowledge in 

this field. The disposal of nuclear waste is of major concern to German government at this time as the 

continual closure of its plants will require the disposal of a lar

interesting to think that while the immediate shutdown of the reactors was done on the premise of 

safety, the resulting need to dispose of large amount of hazardous over a short period of time could in 

 

33 

.  Innovation Through Research: 2010 Annual Report on Research Funding in the Renewable Energies sector

onservation and Nuclear Safety, 2010 

As would be expected from the implementation of the German Renewable Energy Act of 2001 and 

the Nuclear Exit Act of 2002 we can see gradual but steady reduction in nuclear research funding 

from 2002 on, while there is a steady increase in funding for renewable energies. It is interesting to 

note research funding for the decommissioning of nuclear plants steadily increases as soon as initial 

up costs start to decline. This would suggest that the decommissioning of these plants were given 

e thought until after they had reached or near-reached construction. Also, from this graph we can 

see an increased funding of nuclear fusion technology.     

There is one field of research for within the nuclear sector that has not seen major reductions in 

government funding. That is the field of nuclear safety and repository research. Germany has seen fit 

to maintain research funding these fields for a number of reasons. Germany recognizes that there are a 

number nations turning to nuclear power especially in the face of new environmental goals on 

emissions. Germany has mandated itself to maintain research in this sector so to provide international 

aid and support within this field. Also, as other nations advance nuclear technology they feel it 

continue some level of research to maintain a high level of technological knowledge in 

this field. The disposal of nuclear waste is of major concern to German government at this time as the 

continual closure of its plants will require the disposal of a large amount of nuclear material. It is 

interesting to think that while the immediate shutdown of the reactors was done on the premise of 

safety, the resulting need to dispose of large amount of hazardous over a short period of time could in 

EKHR71 

Energies sector, Federal 

As would be expected from the implementation of the German Renewable Energy Act of 2001 and 

the Nuclear Exit Act of 2002 we can see gradual but steady reduction in nuclear research funding 

for renewable energies. It is interesting to 

note research funding for the decommissioning of nuclear plants steadily increases as soon as initial 

up costs start to decline. This would suggest that the decommissioning of these plants were given 

reached construction. Also, from this graph we can 

There is one field of research for within the nuclear sector that has not seen major reductions in 

government funding. That is the field of nuclear safety and repository research. Germany has seen fit 

to maintain research funding these fields for a number of reasons. Germany recognizes that there are a 

in the face of new environmental goals on 

emissions. Germany has mandated itself to maintain research in this sector so to provide international 

aid and support within this field. Also, as other nations advance nuclear technology they feel it 

continue some level of research to maintain a high level of technological knowledge in 

this field. The disposal of nuclear waste is of major concern to German government at this time as the 

ge amount of nuclear material. It is 

interesting to think that while the immediate shutdown of the reactors was done on the premise of 

safety, the resulting need to dispose of large amount of hazardous over a short period of time could in  



Jonathan Sheppard 

 

Figure 5. Innovation Through Research: 2010 Annual Report on Research Funding in the Renewable      Energies sector, Federal Ministry f

the Environment, Nature Conservation and Nuclear Safety, 2010

 

fact prove to cause an even greater safety threat than t

this is subject for another debate. 

6.3 Potential Outcomes of R&D Funding Cut

   The reduction of government R&D funding for the nuclear sector as a result of policy changes made 

within the last decade could result in a number of issues in both the short and long term. If theory and 

history has taught us anything on this subject it’s that the innovation required for long term economic 

growth stems from R&D. For an industrial sector like nuclear energy, g

major requirement in the continued application of R&D in the field. 

   In the short term we can expect transitionary effects from reductions in R&D. As funding has been 

pulled from one area and placed in another we can expect to

funding for research will most likely shift their research efforts away from that of nuclear to a field in 

which the government will be willing to provide money; in Germany’s case this is renewable 

energies. The economic impact of these transitionary effects would be minimal with minor job loss 

and the redistribution of capital to other sources in the energy sector. There is potential that the 

immediate closure of nuclear facilities from the German political decisions of 20

 

34 

Innovation Through Research: 2010 Annual Report on Research Funding in the Renewable      Energies sector, Federal Ministry f

onservation and Nuclear Safety, 2010 

fact prove to cause an even greater safety threat than the continued operation of the plants. However, 

this is subject for another debate.  

of R&D Funding Cut-backs 

The reduction of government R&D funding for the nuclear sector as a result of policy changes made 

could result in a number of issues in both the short and long term. If theory and 

history has taught us anything on this subject it’s that the innovation required for long term economic 

growth stems from R&D. For an industrial sector like nuclear energy, government participation is 

major requirement in the continued application of R&D in the field.  

In the short term we can expect transitionary effects from reductions in R&D. As funding has been 

pulled from one area and placed in another we can expect to see those who receive government 

funding for research will most likely shift their research efforts away from that of nuclear to a field in 

which the government will be willing to provide money; in Germany’s case this is renewable 

mpact of these transitionary effects would be minimal with minor job loss 

and the redistribution of capital to other sources in the energy sector. There is potential that the 

immediate closure of nuclear facilities from the German political decisions of 2011 might require 

EKHR71 

Innovation Through Research: 2010 Annual Report on Research Funding in the Renewable      Energies sector, Federal Ministry for          

he continued operation of the plants. However, 

The reduction of government R&D funding for the nuclear sector as a result of policy changes made 

could result in a number of issues in both the short and long term. If theory and 

history has taught us anything on this subject it’s that the innovation required for long term economic 

overnment participation is 

In the short term we can expect transitionary effects from reductions in R&D. As funding has been 

see those who receive government 

funding for research will most likely shift their research efforts away from that of nuclear to a field in 

which the government will be willing to provide money; in Germany’s case this is renewable 

mpact of these transitionary effects would be minimal with minor job loss 

and the redistribution of capital to other sources in the energy sector. There is potential that the 

11 might require 



Jonathan Sheppard  EKHR71 

35 
 

increased investment into research on the proper decommissioning of such facilities which given the 

relatively short time span given for their closure it is a short term consideration. Though there is little 

economic reward for investment into this field due to its objective having an operational ending date 

with little use for the research once these nuclear facilities have been shutdown. 

   It is difficult to discuss and analyse short and long term implications of nuclear energy with other 

energy technologies due to the nature of nuclear technology. As nuclear technology requires extensive 

R&D from a broad range of science and engineering backgrounds what would normally be considered 

long-term by other technological sectors can be seen as relatively short-term by nuclear standards. 

This is an important distinction when discussing the potential economic impacts of government R&D 

funding. Commitment to nuclear research now might not result in an innovative breakthrough for 

years if not decades and even longer after that for it to become diffused into the economy where the 

benefits from this innovation can take place. As an example the ITER (International Thermonuclear 

Experimental Reactor) project in southern France, where nuclear fusion is being researched, does not 

expect have to a working reactor, connected to a national power grid until sometime after 2040. 

Research connected to nuclear fusion has been going on since the 1950’s and 1960’s. As lead-in times 

goes this one certainly can be labelled as taking the cake.  

   In the case of Germany reducing its R&D funding in the nuclear sector it is entirely possible that 

they could miss out on long-term gains from potential innovations discovered in this field. There are 

arguments for and against this. If we are to go along with the work done by Jones we should only 

expect the short-term transitionary effects of R&D changes to have any effect on economic 

performance and only in the short-term. However, if we were to go along with endogenous growth 

theory then continued government funding of R&D should lead to increased economic growth 

through the discovery and implantation of innovations in the long-term. So by endogenous growth 

theory we should expect stagnation in economic growth due to a lack of innovation from lacking 

R&D; of course stagnation at least in the economic growth potential where nuclear technology is 

concerned.  

   At this moment in time it is impossible to say whether there will be any long-term economic fall-out 

from the policy changes. Though, there have been significant reductions in the funding of R&D in the 

nuclear energy sector this has been off-set by increased funding for renewable energy sources. It is 

completely possible that this new policy direction could result in the next big innovative breakthrough 

coming from renewable energies. Also, this policy change has not caused any changes in current 

funding for education or any other area of research receiving government support. Funding for basic 

research of the natural sciences still exists and will continue to exist in Germany for the foreseeable 

future. Also, it should be noted that any breakthroughs within the nuclear field from outside Germany 

should be easily diffused into the German economy. As a leading technological power Germany’s 
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ability to diffuse new technologies is most impressive and being a part of the EU with their neighbour 

France, the world’s leader in nuclear energy use and research, will most likely allow Germany to be 

kept up to date on any innovative breakthroughs that might take place.  

7. Recommendations & Conclusions 

   As a source of economic growth innovation has been championed as one of the leading factors for 

the widespread growth witnessed early in Europe during the First Industrial Revolution and later to 

North America and Asia as new innovation processes and innovations diffused into a global market. 

The continued expansion of government involvement in the process of promoting and creating 

innovation has steadily increased over the past 100 years especially since the end of the Second World 

War. Government policies advocating science, technology and innovation are all now regular 

government tools in a growing arsenal of political instruments aimed innovation generation. These 

policies provide an innovation incubator by providing the necessary tools and infrastructure required 

for the innovation process to take place. Government involvement in the process of innovation is a 

necessary requirement for innovation to take place. 

   As a case study, Germany’s anti-nuclear movement and the resultant policy changes for its nuclear 

sector is an interesting one. There is still much to be seen from these policy changes and only time 

will tell. We know that Germany’s nuclear energy program is on the way out and is for now 

politically mandated to never return. It will be interesting to see if this actually holds true over next 

decade when the political heads of state change hands several times. If the renewable energies sector 

is unable to replace and maintain the level of efficient and economic energy production that the 

nuclear sector did will we see a back-slide in the political stance on nuclear energy? Some would 

point to the case of Sweden’s nuclear facilities which were originally destined for closure by 2010 

through a nuclear phase-out program that was established in 1980. However, changes in the political, 

economic, social and environmental climate within Sweden by the 21st century resulted in a complete 

reversal of this phase-out. The Swedish government has gone from a 1997 decision to allow the 

continued operation of those nuclear facilities envisioned for closure all the way to a 2010 decision to 

build four new reactors to replace existing ones by 2020 (WNA, 2012). There is still potential for this 

to happen within Germany over the coming years.  

   If Germany seeks to maintain itself as the world’s leader in renewable energies and reap the 

economic rewards from it in the long-run it must continue to commit itself politically to the task. 

Back-sliding to nuclear energy or flip-flopping between the two could result in potential lags in 

knowledge, innovation and economic outcomes. It is rather interesting to think about the potential 

gains in knowledge and innovation the nuclear sector in Sweden missed out on due to an unstable 

nuclear policy.  
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   With the German government pushing forward with its plans to scrap nuclear energy and redirect 

efforts into renewable energy sources it will be important that government maintain some level of 

commitment in basic research of nuclear science and technology. This field of study has the potential 

to still yield innovative breakthroughs, especially where research into nuclear fusion is concerned. 

Falling behind in such a technological sector would not be advisable given the world’s current stance 

on climate change and efficient energy production and use; two aspects that nuclear energy is often 

credited for: limited to zero emissions (when in proper, safe function) and efficient energy 

production/mass of fuel used.  

   As for the moment reductions in R&D for the nuclear sector are being offset by increases in that for 

renewable energies sector. If this level of R&D commitment is maintained the potential economic 

shortfalls of cutting nuclear R&D could be compensated for by economic gains from breakthroughs 

and innovations in the renewables energy sector. Increased government participation in research for 

renewable energy sector is strongly advised to promote innovation in this field. However, it is still 

strongly advised that some level of government support for nuclear research be maintained, especially 

where nuclear fusion is concerned as the potential gain from this new technology is substantial.    
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