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Abstract 

The water and nuclear energy sectors are intricately and interdependently entwined. In this 

thesis, the relationship between water and nuclear energy is being examined specifically in 

the Rhine River basin from the 1950s to the contemporary period. Through a series of four 

research articles, this work scrutinises the complex interaction between nuclear development 

and water management, emphasising the critical yet often undervalued role of water in the 

nuclear energy sector. This investigation gains particular relevance in the context of climate 

change, which heightens the environmental impact of nuclear power as well as the vulnerability 

of nuclear power plants to extreme weather events, such as heatwaves. 

 

A central thesis argument is the contemporary societal undervaluation of water for nuclear 

energy, contrasted with its more recognised value in the mid-20th century. This shift in 

perception is especially pertinent as extreme weather conditions underscore the need to 

reassess water's worth. Employing a transnational and interconnected approach, this research 

challenges conventional national narratives and underscores the significance of cooperative 

and shared resource management along the Rhine. This paradigm serves as a blueprint for 

future transnational collaborations, particularly within the European sphere. 

 

The analysis explores various facets of water-nuclear-interactions, including the selection of 

riverine sites for nuclear power plants, the challenges and conflicts arising from these decisions, 

and specific case studies on risk perception, water diplomacy, and the sustainability of nuclear 

power in the age of climate change. These discussions are not only rooted in historical analysis 

but also engage with contemporary debates about the environmental sustainability of nuclear 

energy and its role in a future marked by increasing climatic uncertainties. 

 

In summary, this thesis offers a novel perspective on the dynamic relationship between water 

and nuclear energy, advocating for a renewed appreciation of water as a crucial but limited 

resource. It highlights the necessity for sustainable, forward-thinking approaches to nuclear 
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energy development. As we confront the challenges of climate change, the insights from this 

research present valuable lessons on the importance of transnational cooperation, 

comprehensive risk assessment, and the meticulous consideration of environmental impacts in 

shaping future energy policy. Thus, this work illuminates the past while providing guidance for 

navigating the complex interdependencies between water and nuclear energy in the future. 

 

Keywords 

Nuclear energy, Rhine River, water, climate change, thermal pollution, transboundary river
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Sammanfattning 

Vatten- och kärnenergisektorerna är tätt sammanflätade och ömsesidigt beroende av 

varandra. I denna avhandling undersöks förhållandet mellan vatten och kärnenergi specifikt 

i Rhenflodens avrinningsområde från 1950-talet till idag. Genom en serie av fyra 

forskningsartiklar granskas det komplexa samspelet mellan kärnkraftsutveckling och 

vattenförvaltning, med betoning på vattnets kritiska men ofta undervärderade roll i 

kärnkraftssektorn. Denna undersökning blir särskilt relevant i samband med 

klimatförändringarna, som ökar kärnkraftens miljöpåverkan och kärnkraftverkens sårbarhet 

för extrema väderhändelser, t.ex. värmeböljor. 

 

Ett centralt argument i avhandlingen är den nutida samhälleliga undervärderingen av vatten 

för kärnenergi, i kontrast till dess mer erkända värde i mitten av 1900-talet. Detta skifte i 

uppfattning är särskilt relevant eftersom extrema väderförhållanden understryker behovet 

av att ompröva vattnets värde. Genom att använda ett transnationellt och sammanlänkat 

tillvägagångssätt utmanar denna forskning konventionella nationella berättelser och 

understryker betydelsen av kooperativ och delad resursförvaltning längs Rhen. Detta 

paradigm fungerar som en plan för framtida transnationella samarbeten, särskilt inom den 

europeiska sfären. 

 

I analysen undersöks olika aspekter av samspelet mellan kärnenergi och vatten. Det handlar 

bland annat om valet av platser för kärnkraftverk vid floder, de utmaningar och konflikter 

som uppstår till följd av dessa beslut, samt specifika fallstudier om riskuppfattning, 

vattendiplomati och kärnkraftens hållbarhet i klimatförändringarnas tidsålder. Diskussionerna 

är inte bara förankrade i historiska analyser, utan tar också upp aktuella debatter om 

kärnkraftens miljömässiga hållbarhet och dess roll i en framtid som kännetecknas av ökande 

klimatosäkerhet. 

 

Sammanfattningsvis erbjuder denna avhandling ett nytt perspektiv på det dynamiska 

förhållandet mellan vatten och kärnenergi, och förespråkar en förnyad uppskattning av 

vatten som en viktig men begränsad resurs. Den belyser nödvändigheten av hållbara och 

framåtblickande strategier för utveckling av kärnenergi. När vi nu står inför utmaningarna 

med klimatförändringarna ger insikterna från denna forskning värdefulla lärdomar om vikten 

av transnationellt samarbete, omfattande riskbedömning och noggrant övervägande av 
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miljöpåverkan vid utformningen av framtida energipolitik. På så sätt belyser detta arbete 

det förflutna samtidigt som det ger vägledning för att navigera i de komplexa ömsesidiga 

beroendena mellan vatten och kärnenergi i framtiden. 

 

Nyckelord 

Kärnenergi, Rhenfloden, vatten, klimatförändringar, termisk förorening, gränsöverskridande 

flod 
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Zusammenfassung 

Der Wasser- und der Kernenergiesektor sind eng miteinander verflochten und voneinander 

abhängig. In dieser Arbeit wird das Verhältnis von Wasser und Kernenergie speziell im 

Rheineinzugsgebiet von den 1950er Jahren bis heute untersucht. In einer Reihe von vier 

wissenschaftlichen Artikeln wird die komplexe Wechselwirkung zwischen der Entwicklung der 

Kernenergie und der Wasserwirtschaft analysiert, wobei die kritische, aber oft 

unterbewertete Rolle des Wassers im Kernenergiesektor hervorgehoben wird. Diese 

Dissertation gewinnt besondere Relevanz im Kontext des Klimawandels, der die 

Umweltauswirkungen der Kernenergie sowie die Anfälligkeit von Kernkraftwerken für extreme 

Wetterereignisse wie Hitzewellen verstärkt. 

 

Ein zentrales Argument ist die gegenwärtige gesellschaftliche Geringschätzung von Wasser in 

Relation zur Kernenergie im Gegensatz zu seinem anerkannten Wert in der Mitte des 

zwanzigsten Jahrhunderts. Diese veränderte Wahrnehmung ist besonders relevant, da 

extreme Wetterbedingungen die Notwendigkeit unterstreichen, den Wert des Wassers neu 

zu bestimmen. Durch die Anwendung eines transnationalen und vernetzten Ansatzes stellt diese 

Arbeit gängige nationale Perspektiven in Frage und unterstreicht die Bedeutung eines 

kooperativen und gemeinsamen Ressourcenmanagements entlang des Rheins. Dieses 

Paradigma dient als Blaupause für zukünftige transnationale Kooperationen, insbesondere im 

europäischen Raum. 

 

In der Analyse werden verschiedene Facetten der Wechselwirkungen zwischen Kernenergie 

und Wasser untersucht. Dazu gehören die Auswahl von Kernkraftwerksstandorten an Flüssen, 

die Herausforderungen und Konflikte, die sich aus diesen Entscheidungen ergeben, sowie 

spezifische Fallstudien über Risikowahrnehmung, Wasserdiplomatie und die Nachhaltigkeit 

der Kernenergie im Zeitalter des Klimawandels. Diese Diskussionen sind nicht nur in der 

historischen Analyse verwurzelt, sondern greifen auch die aktuellen Debatten über die 

ökologische Nachhaltigkeit der Kernenergie und ihre Rolle in einer Zukunft auf, die durch 

zunehmende klimatische Unsicherheiten gekennzeichnet ist. 

 

Zusammenfassend bietet diese Dissertation eine neue Perspektive auf die dynamische 

Beziehung zwischen Wasser und Kernenergie und plädiert für eine neue Wertschätzung von 

Wasser als lebenswichtige, aber begrenzte Ressource. Sie unterstreicht die Notwendigkeit 
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nachhaltiger, zukunftsorientierter Ansätze für die Entwicklung der Kernenergie. Angesichts der 

Herausforderungen des Klimawandels liefern die Ergebnisse dieser Forschung wertvolle 

Erkenntnisse über die Bedeutung transnationaler Zusammenarbeit, umfassender 

Risikobewertungen und der sorgfältigen Berücksichtigung von Umweltauswirkungen bei der 

Gestaltung der künftigen Energiepolitik. So beleuchtet diese Arbeit die Vergangenheit und 

bietet gleichzeitig eine Anleitung für die Navigation durch die komplexen Wechselwirkungen 

zwischen Wasser und Kernenergie in der Zukunft. 

 

Schlagwörter 

Kernenergie, Rhein, Wasser, Klimawandel, Wärmebelastung, grenzüberschreitender Fluss 
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1. Introduction 

In 2018, Europe experienced an exceptional wave of extreme heat, marking another entry 

into a series of scorching years, including 2003, 2006, 2010, 2013, and 2015-2017, 

followed by subsequent periods of extreme temperatures in all years from 2019-2023 (Russo, 

Sillmann and Fischer, 2015; Guerreiro et al., 2019; Mitchell et al., 2019; Copernicus Climate 

Change Service, 2022, 2023). This relentless succession of heatwaves in the past few years is 

a disconcerting trend: what were once considered rare occurrences have now become 

distressingly frequent. The escalating frequency of heatwaves in recent years serves as an 

alarming indicator that these extreme weather events are transitioning from anomalies to 

anticipated norms.  

 

Furthermore, 2018, 2019, and 2022 witnessed the forced shutdown of nuclear power plants 

across Europe, a consequence of plummeting water levels and high water temperatures in key 

rivers such as the Rhine and Rhône (Jordaan et al., 2019; Barber, 2022). In violation of legally 

mandated temperature thresholds, the cooling water discharged back into these rivers 

exceeded permissible limits (Reuters, 2022). This sobering reality starkly illustrates the 

profound impact of climate change on critical infrastructure and underscores the urgent need 

for comprehensive strategies to mitigate its consequences. According to the Intergovernmental 

Panel on Climate Change (IPCC), the increased occurrence of heatwaves since the 1950s can 

be attributed to human behaviour. The AR6 Synthesis Report on Climate Change from 2023 

also states that there is a high probability that droughts will occur more frequently in the future 

(IPCC, 2023). 

 

In 2022, the share of nuclear energy in the EU's electricity mix was 21.8%, with France 

accounting for the largest share at 62.6%, Switzerland for 36.4%, and Germany producing 

5.8% (IAEA, 2024a). Heatwaves, combined with low water levels, have shown nuclear energy, 

previously regarded as highly reliable, to be vulnerable and unreliable. The effects of 

heatwaves in summer and the general impact of climate change in combination with the effects 

of Russia's attack on Ukraine on 24 February 2022 have put further pressure on the European 

energy system. The temporary shutdown of French nuclear power plants and the German 

phase-out of nuclear energy in combination with Germany's dependence on Russian gas led 

to a realignment of the European energy system, with Scandinavia, for example, suddenly 

exporting significantly more energy to Germany. All in all, the EU's energy imports rose from 
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55.5% in 2021 to 62.5% in 2022 (Plackett, 2022; Appunn, 2023; Maguire, 2023; 

Wettengel, 2024). 

 

2. Aim and Research Questions 

The past summers of extreme heat have highlighted the vulnerability of nuclear power plants 

and emphasised the strong connection between water and nuclear energy. Despite the fact 

that water is fundamental to nuclear energy, the close connection has so far only been 

marginally addressed in research (Högselius, 2022). This doctoral thesis aims to analyse the 

complex interplay between water and nuclear energy, utilising the Rhine River basin as a 

focal point. It aims to investigate the pivotal role water has assumed in the development of 

nuclear energy along the Rhine, alongside evaluating the impact of nuclear power on the 

rivers. 

 

The principal research questions of this dissertation are:  

I. What role has the impact of nuclear energy on water played in planning debates 

since the 1950s?  

II. Were there specific environmental impacts on water that were particularly debated?  

III. To what extent are the early debates in the Rhine catchment still relevant today?  

 

One of my main arguments in this work is that water for nuclear energy is taken far too much 

for granted nowadays and is not socially as valued as it was in the 1950s, 60s and 70s. The 

debates about water that took place back then have been forgotten. Water is a critical 

natural resource that is particularly important and also particularly threatened in times of 

climate change. As a society, we must therefore ask ourselves to what extent our actions have 

a quantitative and qualitative impact on water. The example of nuclear energy helps us to 

understand the impact of human activity on water. Water-related challenges will increase 

even more in the future. Managing these risks is a fundamental step towards protecting the 

important resource of water and preventing future conflicts (Blumstein, 2017).  

 

I furthermore point out that extreme weather conditions such as heatwaves and droughts are 

once again focussing attention on the value of water. It is only when water becomes scarce, is 

claimed by others, or must be limited due to environmental regulations that the value of water 

becomes apparent. When water flows as it should, be it along a river or for the purpose of 
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cooling nuclear power plants, or for transport or drinking water production, water is taken for 

granted. Viewing nuclear history along the Rhine from a river basin perspective enables an 

analysis from a fluid, interconnected, and notably transnational viewpoint. It depicts a 

narrative not of borders, but of connections.  

 

The four articles comprising this doctoral thesis examine diverse water-nuclear interactions 

within the Rhine River basin, spanning from the 1950s to the contemporary era.  

 

Entitled “Nuclearized River Basins: Conflict and Cooperation along the Rhine, Danube, and 

Elbe,” the first article presents a comprehensive analysis of the Rhine River basin alongside 

comparisons with the Danube and Elbe River basins. This transnational perspective illuminates 

the interconnected narrative of nuclear energy across these three river basins, with a specific 

focus on water interactions across spatial, environmental, and infrastructural domains. 

 

Traditionally, historians have examined the history of nuclear energy through a national lens. 

However, the transnational approach taken in this article lays the groundwork for future 

research that acknowledges the border character of rivers while emphasising their unifying 

role within their catchment areas. The article on nuclearised river basins seeks to address the 

overarching question: "How has nuclear engagement unfolded within the Rhine River basin 

from a water perspective?" More specifically, this article aims to explore: “Which riverine 

sites were deemed most suitable for nuclear power plants and why? What opportunities 

and problems did nuclear builders face once they set out to construct riverine nuclear 

plants? How did they cope with the fact that the rivers were already used for a range of 

other purposes, and what forms of conflicts and cooperation did the arrival of the nuclear 

engineers generate? And, finally, how did nuclear builders and other actors cope with the 

fact that some rivers transcended national borders?” 

 

In the following article “What is good drinking water? 41 years of risk perception on water 

quality in the vicinity of the Nuclear Research Centre Karlsruhe, 1956-1997”, I focus on a 

case study that exemplifies the German approach to opponents of nuclear power. As other 

researchers have already shown, opponents of nuclear energy were often dealt with very 

rigorously (Tompkins, 2016a; Häni, 2018; Pohl, 2019). Using the example of the protest 

against the Karlsruhe Nuclear Research Centre, I show how important it is to understand risk 

perception in a broader historical context. In doing so, I show that risk perception in the social 
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sciences and politics often remains stuck in the moment, whereas the risk experienced by the 

local population has longer historical roots. At the heart of the article is the question: How can 

a comprehensive understanding of nuclear history from the 1950s onwards contribute to 

future decision-making processes concerning water? The article also looks at political risk 

communication and the extent to which history can contribute to a more effective handling of 

risks. Viewed again from the broader perspective of the dissertation, this article also 

contributes to an understanding of how society deals with the environmental risks of nuclear 

energy and addresses the question: How does nuclear energy affect the environment and 

how are these environmental impacts negotiated in society? 

 

Article number three “From cooling water war to cooling towers. How Switzerland and 

Baden-Württemberg negotiated the fair allocation of nuclear cooling on Aare and High 

Rhine, 1965-1970” provides a dedicated insight into transboundary river interaction and 

water diplomacy. The topic is briefly introduced on a broader scale in the first article, but the 

third article offers a detailed examination of the diplomatic negotiations between the Rhine 

neighbours Switzerland and Baden-Württemberg. The fair distribution of water resources is 

also always closely linked to water security and security of supply. Although there is 

quantitative research on this topic, qualitative research that deals with individual cases and 

provides a deeper analysis of water conflicts and water cooperation is still in its infancy (Link, 

Scheffran and Ide, 2016). The article deals with the friendly orientation talks between Baden-

Württemberg and Switzerland between 1967 and 1970 within the framework of water 

diplomacy. During these negotiations, additional studies on the thermal capacity of the Aare 

and Rhine Rivers were conducted, revealing that the ambitious nuclear power plans were 

overly optimistic. It became evident that not all proposed nuclear power plants could be 

equipped with freshwater cooling systems. As a result, Switzerland and Germany 

implemented a ban on freshwater cooling systems for plants situated along the Aare and 

Rhine in 1971. The article deals with the following questions: How did Switzerland and 

Baden-Württemberg negotiate the fair distribution of cooling water? Another central 

question is: How did the actors determine the thermal load of the Aare and Rhine? And 

finally, the questions are addressed: On which levels did the actors interact with each other 

and how did the distribution of power within the countries as well as transnationally 

present itself? 
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The fourth article “Atomic Rivers: The (Un)sustainability of Nuclear Power in an Age of 

Climate Change” takes a more argumentative stance concerning the environmental impact of 

nuclear energy. We question the often-cited argument that nuclear energy is environmentally 

friendly and introduce three categories of unsustainability. The atomic rivers article builds on 

the third article, which explains how the limits for the thermal capacity of the Rhine and Aare 

were set in the 1960s and 1970s through diplomatic negotiations between Baden-

Württemberg and Switzerland. These limits are still in force today. By arguing against the 

sustainability of river-cooled nuclear energy, we link this historical debate to today's discussion 

on the fundamental role of nuclear energy in times of climate change. The question is: To what 

extent are river-cooled nuclear power plants sustainable in times of climate change? This 

question expands upon the broader issue of the environmental sustainability of nuclear power 

plants and their environmental consequences. 

 

3. The Rhine River as a Fluid Border 

A focal point for investigating the historical interplay between technological advancement, 

societal ambitions, and transnational collaboration is evident along the course of the Rhine. 

The story of nuclear power along the Rhine does not follow a simple trajectory of 

development; instead, it reveals a complex tale of conflicts, partnerships, and efforts to 

address unexpected risks. This is by no means a new story and there is more than one 

reference in history that demonstrates the potential for conflict on the flowing border.  

 

The Rhine, stretching 1,320 km with a drainage area of 185,000 km2, serves as a crucial 

drinking water resource for approximately 30 million people. Germany claims the largest 

portion of the drainage area, around 100,000 km, followed by Switzerland, France, and the 

Netherlands, each with 20,000 to 30,000 km. Austria, Luxembourg, Italy, Liechtenstein, and 

Belgium claim smaller amounts. Flowing through both national and transnational territories, the 

Rhine and its tributaries form an intricate network of waterways. Consequently, dividing the 

Rhine itself into national segments, such as a Swiss or German Rhine, would be impractical. 

Furthermore, the hydrological and biological functions vary significantly between the Alpine 

and non-Alpine sections (Cioc, 2002). Consequently, originating from the Vorder Rhine and 

Hinter Rhine in Switzerland, the Rhine is usually divided into six sections: Alpine Rhine, High 

Rhine, Upper Rhine, Central Rhine, Lower Rhine, and Rhine Delta (Internationale 

Arbeitsgemeinschaft der Wasserwerke im Rheineinzugsgebiet, 2024). 
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Figure 1 Nuclear Power Plants in the Rhine River Basin 

 

Source: Red Geographics 

 

In 1815, the Congress of Vienna initiated plans to transform the Rhine into a navigational and 

commercial artery, leading to significant environmental changes. Previously, the Rhine had 
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been a braided river with numerous channels and islands. However, it underwent extensive 

mechanical engineering to facilitate transportation. The first of many engineers to straighten 

the river was the engineer Johann Gottfried Tulla (Cioc, 2002) who dedicated his life’s work 

to straightening the Upper Rhine at the end of the 18th and beginning of the 19th century. This 

extensive intervention in the river regime had both diplomatic and economic motivations. 

Economically, the aim was to enhance the flow of trade along the river and mitigate the risk 

of flooding. Additionally, for the Grand Duchy of Baden, Tulla served as a diplomat with the 

potential to address border issues with France. France had a history of utilising natural 

boundaries elsewhere, and Tulla’s proposal to straighten the Rhine was viewed as a 

favourable method of stabilising the volatile border (Blackbourn, 2007). The commercial 

success of straightening the Upper Rhine to facilitate river traffic had severe repercussions for 

ecological diversity. One of the most notable indicators of this impact was the decline and 

eventual partial extinction of the diverse fish population along the Rhine, observed throughout 

the 19th century and 20th century. Additionally, pollution of the river, already identified in the 

mid-19th century, was recognised as another significant driver behind the decline in fish 

diversity (Blackbourn, 2007). 

 

However, the fluid border between France and Germany was not always seen as a source of 

conflict. In the 1930s, historian Lucien Febvre contested a narrative of Rhine history centred 

on conflict, instead highlighting the Rhine's European significance and its role as a unifying 

force during the interwar period, rather than solely as a national symbol. 

Firstly, it is important to dispel the misconception of a pseudo-fate; secondly, all 
facts and events must be pointed out that contradict a history of the Rhine as a mere 
sequence of disputes and conflicts and argue in favour of a radically different 
history. For this paradise on earth, of which Goethe raved, was determined by 
completely different inspirations than blind hatred: spiritual inspirations, invigorating 
inspirations of a European civilisation and culture. So, let's leave the "natural 
borders" to the smart alecks or imaginative minds. All borders are drawn by people. 
They may be "just" or "unjust", but it is never "nature" that determines their justice or 
calls for the use of force (Febvre, 2006).1 

The unifying nature of the Rhine River has been highlighted by other historians as well, notably 

Vincent Lagendijk, who demonstrated the extent to which the German energy company RWE 

has transitioned towards becoming a European energy entity. Lagendijk focused on 

transnational actors, including energy firms, international organisations, and engineers, whose 

initiatives laid the groundwork for a European energy network centred around the Rhine 

 

1 All translations in this text by the author. 
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(Lagendijk, 2016). Despite occasional nationalistic tendencies, exemplified by the Fessenheim 

nuclear power plant on the Grand Canal d'Alsace, the river serves more as a unifier than a 

divider. 

 

Post-1945, there was a gradual shift from exploiting the river to environmental consciousness, 

spurred by industry owners and city managers realising the threat to their freshwater supply. 

Environmental concerns grew alongside the rise of tourism, juxtaposing the romanticised image 

of the Rhine with its polluted reality (Cioc, 2002). International cooperation, exemplified by 

the International Commission for the Protection of the Rhine (ICPR), established in 1950 by 

Germany, France, Luxembourg, the Netherlands, and Switzerland, aims to monitor pollution 

and improve the river's condition through data exchange and harmonised monitoring methods 

(ICPR, 2019). Although initiatives like the Integrated Rhine Program and EU Water Framework 

Directive have enhanced the Rhine's environmental health, challenges persist in balancing 

industrial needs with environmental preservation. Conflicts often arise during the regional 

implementation of international programs, reflecting the complexities of modern usage 

patterns and political dynamics (Bernhardt, 2016). 

 

4. Tracing the Nuclearisation of the Rhine 

The Rhine River basin is one of the 276 international river basins worldwide (De Stefano et 

al., 2012) of which the Mississippi, the Danube, the Rhine, the Dnieper, the Loire, the Rhône, 

and the Don are the most nuclearised. However, the Rhine is one of the most nuclearised river 

basins in Europe (Cioc, 2002). Numerous nuclear power plants have been planned along the 

river, but not all construction projects have been realised. In order to better understand this 

development, it is helpful to take a closer look at the different motivations that the 

neighbouring countries had for nuclear development. I will focus on Austria, Switzerland, 

Germany, and France, which are at the centre of this dissertation. 

 

4.1 Austria 

In 1999, the National Assembly of Austria passed the Bundesverfassungsgesetz für ein 

Atomfreies Österreich (Federal constitutional law for a nuclear-free Austria), establishing 

Austria's status as a non-nuclear nation (Bundesgesetzblatt für die Republik Österreich, 1999). 

However, Austria was not always a nuclear-free country. Prior to the referendum, the Austrian 

population was indifferent to nuclear energy, if not in favour of it (Bayer, 2014). There were 



 9 

three phases of nuclear energy in Austria. The early phase from the beginning of the 20th 

century up to the early 1950s, in which radioactivity research was carried out. The second 

phase from 1953 to 1970, in which Austria attempted to establish a nuclear programme. And 

the third phase, which lasted from the 1970s until today, during which the country took a firm 

stance against nuclear power (Forstner, 2020). The problem was that in the course of the 

second and the third phase the industry and the politics failed to recognise the need to 

communicate with the public. The emerging anti-nuclear movement and the concerns of the 

local population regarding the environment and safety were not clearly recognised. As a 

result, the opportunity for a successful communication process between business, government 

and civil society was missed. This led to a narrow vote in 1978 against the commissioning of 

the nuclear power plant Zwentendorf in Lower Austria, with 50.47% of voters opposing its 

operation (Forstner, 2020). Consequently, Zwentendorf stands as a testament to a fully 

constructed yet never utilised nuclear facility (Bundesministerium für Nachhaltigkeit und 

Tourismus, 2018). In the same year, Chancellor Bruno Kreisky introduced the 

Bundesverfassungsgesetz für ein atomfreies Österreich (Federal Constitutional Act for a 

Nonnuclear Austria) , prohibiting the use of nuclear energy (Bundesgesetzblatt für die Republik 

Österreich, 1978). Another example of the distinct anti-nuclear stance is the successful protest 

against the planned Swiss nuclear power plant in Rüthi on the Alpine Rhine, which was 

prevented by Vorarlberg protest movements in cooperation with protest groups from St. 

Gallen in Switzerland, among others (Holzknecht, 2018). 

 

4.2 Switzerland 

Switzerland had a distinct nuclear vision for the High and Upper Rhine Valley. Since the 1880s, 

the country had been a pioneer in hydropower, with the first modern hydropower plants 

installed around 1900 along the Aare, the Rhône, and the Rhine (Vischer, 1994; Kupper and 

Pallua, 2016). Hydropower, often dubbed "white coal", was seen as a pathway to energy 

independence due to Switzerland's general lack of fossil fuel resources. Consequently, the 

focus remained on hydropower until the mid-1960s (Kupper and Pallua, 2016). In 1966, 

construction of the hydropower plant near the Swiss town of Koblenz on the High Rhine 

abruptly halted, marking a shift towards nuclear energy as the future energy source for the 

country (Tümmers, 1999). Like Germany, Switzerland viewed nuclear energy as a national 

endeavour that promised to propel the nation towards a promising future. The federal state 

was tasked with spearheading and coordinating efforts across industry, energy, environment, 

science, and regional politics (Gugerli, 2004).  
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Although nuclear power had been under consideration since the 1950s, the first research 

reactor did not become operational until 1968 in Lucens on the River Broye, a tributary of the 

Aare (Kupper and Pallua, 2016). Despite significant damage incurred in an accident on 21 

January 1969 (Mosey, 2006), the expansion of nuclear energy gained momentum towards 

the end of the 1960s. Switzerland faced the pressing challenge of ensuring adequate 

electricity supply, leading to heightened expectations placed on nuclear energy. However, 

historical opposition to hydropower and conventional power plants raised concerns about 

potential resistance to nuclear power plants in the future. Recognising this, a joint commission 

was established to address the evolving energy crisis, comprising representatives from the 

energy industry, air quality, and water management. They highlighted the political dimension, 

noting a divide in public consciousness (Schweizerische Vereinigung für Gewässerschutz und 

Lufthygiene, 1966).  

 

Switzerland experienced a period of political and social contradiction. While individuals 

aspired for higher earnings and the comforts of modern life, such as cars, energy-intensive 

home appliances, and education, they simultaneously opposed the initiatives that would have 

allowed them to fulfil these desires. This contradiction made it challenging to balance supply 

security, economic viability, and essential environmental concerns. Given the rapid escalation 

of costs at the time, the need for swift decision-making was as crucial as the pursuit of optimal 

solutions (Schweizerische Vereinigung für Gewässerschutz und Lufthygiene, 1966). 

 

In Swiss politics and the energy industry, there was an awareness that nuclear plants might not 

be universally welcomed by the people. However, there was consensus on the imperative to 

provide electricity at the lowest possible cost. In 1969, the Beznau nuclear power plant on the 

Aare commenced operations, with a second reactor following in 1971. Mühleberg began 

operating in 1972, also on the Aare, approximately 100 kilometres southwest of Beznau 

(Kupper and Pallua, 2016). Like Germany, Switzerland encountered significant anti-nuclear 

protests, exemplified by the occupation of the construction site of the Kaiseraugst nuclear 

power plant in 1975. Despite authorities' approval of construction, protesters successfully 

halted progress on Kaiseraugst (Häni, 2018). Nonetheless, this setback did not derail 

Switzerland's nuclear development. In 1979, the Gösgen nuclear power plant became 

operational on the Aare, followed by Leibstadt on the Rhine in 1984 (Kupper and Pallua, 

2016).  Beznau I (365 MW), Beznau II (365 MW), Gösgen (1010 MW) and Leibstadt (1233 
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MW) are still operational today with a total of 2973 MW and a share of 36.4% in 2022 

(IAEA, 2024b). 

 

It was believed that only exceptionally large nuclear power plants could ensure electricity 

prices remained low, with larger plants promising lower costs. However, safety concerns 

tempered this view. Although the transition from hydropower to nuclear power was deemed 

optimal in the mid-1960s (Année politique Suisse, 1966), the Choisy Commission of Experts 

concluded that nuclear power plants of 600 MW were too large for Switzerland. "If our 

country nevertheless wishes to benefit from the cost advantages of such large units without 

bearing the risk of a complete output failure, this would only be possible through joint 

operation of such power plants by Swiss and foreign companies" (Eidgenössisches Amt für 

Energiewirtschaft, 1966). 

 

4.3 Germany 

After the Second World War, concerns arose in Germany regarding the nation's ability to 

keep pace with the technological advancements of other countries. To address this, leaders in 

science, technology, and politics advocated for the establishment of a nuclear program. 

Prominent physicists such as Werner Heisenberg saw nuclear energy as a solution to the 

pressing societal challenges post-war. Heisenberg predicted that the nuclear industry would 

enhance Germany's competitiveness. However, in the aftermath of the war, the general public 

primarily associated nuclear energy with nuclear bombs (Laufs, 2018; Mignon Kirchhof and 

Trischler, 2020). The global perception of nuclear energy underwent a transformation from 

fear to euphoria following the First International Conference on the Peaceful Uses of Atomic 

Energy in Geneva (Müller and Thurner, 2017).  

 

In West Germany, Chancellor Konrad Adenauer and his government regarded the peaceful 

use of nuclear power as integral to their policies, encompassing economic, foreign, scientific, 

and sovereignty concerns. It was believed that nuclear power would bring prosperity, growth, 

reconstruction, and social stability to Germany, serving as a unifying force in Europe (Rusinek, 

1993; Gleitsmann, 2011). West Germany's Minister for Economic Affairs, Ludwig Erhard, 

envisioned the Upper Rhine region as a potential "second Ruhrgebiet" as early as 1954. 

Envisaged as an industrial hub with approximately 100,000 workers, the Upper Rhine held 

promises of new opportunities for employment, income, and economic growth (Gleitsmann, 

1988). The Rhine, with its multifunctional significance encompassing navigation, transportation, 
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hydropower, electricity generation, waste disposal, drinking water supply, cooling water for 

industries, fisheries, and crop irrigation, emerged as the ideal location for extensive nuclear 

planning endeavours (Cioc, 2002). Germany and France aligned with the Swiss perspective 

on constructing nuclear power plants of maximum capacity.  

 

4.4 France 

While France is often depicted as the quintessential nuclear nation, having initiated its nuclear 

journey as early as 1948 with the Zoé experimental research reactor (Hecht, 2009), nuclear 

installations along the left bank of the Rhine were relatively sparse. Zoé represented a 

symbolic liberation from years of German occupation, with the nation investing great hope in 

the boundless possibilities afforded by nuclear technology (Hecht, 2009). By the late 1960s, 

France had already established ten nuclear energy facilities, including those in Bugey, 

Bouchet, Pierrelatte, and Marcoule on the Rhône, and in Chooz on the Meuse. However, there 

were no nuclear power plants or research centres directly situated on the Rhine at that time 

(Hecht, 2009). This changed in 1966 with the introduction of the research reactor in 

Strasbourg, followed by the establishment of the two reactors at the Fessenheim nuclear power 

plant in 1977 and 1978. The most recent addition to this network was the Cattenom nuclear 

power plant on the Moselle in 1986 (Tümmers, 1999; Sovacool and Valentine, 2012; Oberlé, 

2016). Nonetheless, France did not exert a comparable level of influence over the Rhine River 

system as Switzerland and Germany did. 

 

5. Situating the Thesis: Rivers and the Atom 

Rivers are a popular field of research, particularly in environmental history, which can be 

viewed from a wide variety of perspectives. The environmental history of rivers is often 

concerned with the scarcity of a resource due to overconsumption (Heasley and Macfarlane, 

2016). Conversely, when examining historical instances of excessive water within river systems, 

attention is often directed towards river reorganisation, water management strategies, and 

flood mitigation efforts. Notably, the history of the Rhine stands out as one of the most well-

documented narratives, as highlighted by Mark Cioc in his Eco-Biography of the Rhine (2002). 

Christoph Bernhardt has developed a transnational perspective on the Rhine in his work, 

focussing strongly on the resource of water itself (2016).  
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Yet, the exploitative relationship between humans and rivers is not exclusive to the Rhine; 

evidence of human influence is perceptible in numerous other waterways. Christopher 

Armstrong, Matthew Evenden and H.V. Nelles for instance, explore perceptions of rivers and 

the extent to which river usage reflects social and societal dynamics, drawing on the Bow River 

in Alberta, Canada, as a case study. Their work underscores the interconnectedness of nature 

and society, rejecting the notion of them as separate entities (2009). In environmental history, 

the emphasis lies on the intricate interplay between humans and nature, revealing their 

interdependence. 

 

Another example is the French river Rhône, which, like the Rhine, was also harnessed to control 

devastating floods and transformed into a navigational and transport route. Sara Pritchard 

uses the Rhône as a case study to illustrate how rivers are stylised as national assets, 

highlighting the close relationship between nature and technology within what she terms an 

"envirotechnical system" (Pritchard, 2011). This interconnectedness between nature and 

technology is not a new concept confined to the 20th century; rather, it has historical roots 

seen, for instance, in the construction of hydroelectric power stations along the river and efforts 

to enhance its navigability through technological advancements. The environmental 

consequences of nuclear power plants thus continue a narrative that originated much earlier. 

Pritchard attributes radioactive contamination incidents on the Rhône to the early emergence 

of this envirotechnical system, which saw large-scale technological interventions integrated 

with the river's ecosystem through construction projects (Pritchard, 2011). 

 

The history of nuclear energy is frequently framed within national contexts (Lindström et al., 

2021). This tendency stems from historical examinations of energy systems often being 

approached from a country-specific standpoint, revealing the interconnectedness of these 

systems and their evolution (Radkau, 1983; Sovacool and Valentine, 2012; Hill, 2013; Rubio-

Varas and de la Torre, 2017). In addition to this perspective, protest research offers another 

angle through which to explore the connection of nuclear energy and water, particularly in 

the context of opposition to nuclear power plants (Kupper, 2003; Mignon Kirchhof and Meyer, 

2014; Milder, 2016; Häni, 2018). Such analyses frequently explore the origins of protest 

movements, their organisational frameworks, and their partnerships with other advocacy 

groups. An illustrative instance of this dynamic is the cross-border cooperation observed along 

the Upper Rhine region (Pohl, 2019). 
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6. Theories 

Some historians explicitly refer to theories and make this clear in their work. Others, however, 

use theories more implicitly and follow the principle that their often narrative work, in which 

they deal with specific events, cannot or should not be generalised (Pritchard, 2013). Due to 

my background in social and cultural sciences, I am much more explicit in my use of theories, 

which has sometimes become a balancing act. On the one hand, it was important to me that 

my work was clearly recognisable as historical and, on the other hand, when I was working 

with other researchers, we had to find a middle ground. My different disciplinary backgrounds 

in theatre, film and media studies, the history of technology and the environment, cultural and 

social anthropology, and technology assessment have also meant that I like to combine 

different theories instead of applying just one theory. These different fields overlap in some 

places but are also very much at odds with each other, leading to a setup where different 

theories are used in the four articles. The implication is that the four articles are tailored to 

different audiences, with the theories helping to spark interest among readers who may not 

be too familiar with the empirical details of the articles but are more acquainted with the 

theories. 

 

6.1 Transboundary River Interaction 

There are 310 international river basins in the world, covering approximately 47.1% of the 

Earth's land surface. In Europe alone, there are 88 international river basins (McCracken and 

Wolf, 2019). In my definition of a river basin, I adhere to the concept put forth by Wolf et 

al., who define a river basin as an area that contributes hydrologically—via both 

groundwater and surface water—to a primary river that ultimately flows into an ocean or a 

lake (Wolf et al., 1999). To qualify as an international river basin, at least one tributary must 

cross the border of two or more states. International transboundary rivers that flow through 

different national territories are in most cases subject to conflict due to the importance of 

water for people and their environment. Through their materiality, these rivers connect 

neighbouring countries, just as they separate people and their territories. The materiality 

makes it inevitable for neighbouring states of transboundary rivers to encounter each other, 

to negotiate, to argue as well as to agree and establish treaties. These conflicts and 

cooperation make transboundary river basins fundamentally political (Mirumachi, 2013).  
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However, riparians do not always necessarily interact in a conflictual or cooperative manner. 

For this reason, Zeitoun and Mirumachi propose the term transboundary water interaction 

(2008). The concept of interaction pertains to the recurring theme, prevalent in river studies 

and water history, concerning the dynamics of conflict and cooperation within river basins. 

However, it also implies that it can be beneficial to analytically transcend that simplistic 

dichotomy. Zeitoun et al. highlight transboundary water interaction as 'a series of dynamic 

and multidimensional processes' (Zeitoun, Mirumachi and Warner, 2020). They stress that 

conflict and cooperation can manifest in varying degrees of intensity. Similarly, conflict does 

not necessarily signal the omission of cooperation, and cooperation does not necessarily imply 

an amicable relationship between riparian states. The formal resolution of a conflict sets the 

stage for potential universal satisfaction and paves the way for future cooperative interactions 

(Zeitoun and Mirumachi, 2008; Zeitoun, Mirumachi and Warner, 2020). It is also crucial to 

acknowledge that the mere presence of formal or informal agreements among stakeholders 

in a given riverine context does not necessarily denote fair cooperation (Mirumachi, 2015). 

 

As transboundary rivers need to be shared in a fair and sustainable way, treaties provide a 

tool for cooperation, particularly in international settings. In the Rhine River basin, treaties 

have existed since 1820 (United Nations Environment Programme, 2002). These treaties 

represent formal agreements between sovereign states and thus, in the cases of the Rhine, 

govern the utilisation of the river as well as the allocation of resources. Most of these treaties 

were established to prevent conflicts or address existing issues (Lindemann, 2006). Initially, 

these concerns primarily revolved around navigation and the removal of physical barriers to 

trade (Högselius, Kaijser and van der Vleuten, 2016). More recently, the focus has shifted to 

environmental challenges, with representatives from nations sharing a particular river coming 

together to discuss issues such as water quality monitoring, provision of drinking water, and 

wastewater treatment (United Nations Environment Programme, 2009; Disco, 2013). The 

Convention on the Protection of the Rhine is a treaty that affects the entire river. However, 

there are also treaties limited to a specific section of a river, e.g. between Switzerland and 

Germany on the High Rhine, as well as treaties that cover all transboundary rivers between 

two neighbouring countries, such as the 2010 agreement between Finland and Sweden. In 

general, Europe is one of the regions in which a comparatively large number of treaties for 

the protection of rivers are in force, which is partly due to the UNECE Water Convention from 

1992 as well as the EU Water Framework Directive (2000/60/EC) (Rieu-Clarke, 2017). 

Nevertheless, treaties and the existence of river basin organisations cannot necessarily help 
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to avoid conflicts, as river basin organisations in particular are not designed to resolve conflicts 

(Schmeier, 2013; Pohl, 2017). 

 

The management of transboundary rivers presents unique challenges because they serve as 

fluid borders, blending into different national territories and responsibilities. This fluidity 

makes political management and the balancing of diverse interests more complex, while also 

heightening the importance of ecosystem preservation (Wolf, 1999; Hipel, Cullmann and 

Bristow, 2015). These entanglements often stand for conflicts, but also for common interests 

(Steinberg, 2020). However, cooperation does not always imply success and appreciation of 

the riparians. Even when data is exchanged, the atmosphere can still be tense. The extent to 

which countries respect each other’s interests should play a major role in the analysis of 

cooperation and conflict (Zeitoun and Mirumachi, 2008).  

 

Tensions between riparians of transboundary rivers can arise when a state claims its absolute 

dominion over waters and thereby causes damage to other countries further downstream. The 

damage can be both ecological and economic. Upstream riparians tend to control the flow of 

water and thus can cause damage to downstream states, which is a concept known as absolute 

sovereignty. Downstream states, on the other hand, like to apply the concept of absolute 

territorial integrity, which means that their water needs cannot be restricted by upstream 

states (Sindico, 2021). In most cases, riparians upstream tend to exploit their position of power 

against riparians downstream (Marton and Szálkai, 2017; Vij, Warner and Barua, 2020). 

Thus, power asymmetries are very often inherent in rivers and river basins, as hegemons are 

not always willing to respond to the needs of downstream riparians. This can go so far that 

hegemons are not represented in river basin organisations or boycott fruitful cooperation (Pohl 

et al., 2014). 

 

When rivers also act as borders, conflicts are unavoidable, and this is particularly evident 

when nuclear power plants are built on border rivers. In 1980, out of 120 nuclear power 

plants that were either active, in planning or under construction, 48 nuclear power plants were 

between 6 and 25 miles from national borders. In Europe, France was particularly keen on 

border construction, which led to conflicts along the Rhine and Moselle rivers (Becker, 1980). 

As nuclear power plants rely on immense amounts of water, the borders on which they are 

built are very often rivers, lakes, or the sea. Due to their materiality, there are therefore 

always fluid transitions between border countries and often enough conflicts. Prominent 
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examples are the Upper Rhine and the Wyhl nuclear power plants, but also the Barsebäck 

nuclear power plant between Denmark and Sweden (Kaijser and Meyer, 2018). 

 

In my research it was important to me to bring the role of water to the forefront of my work, 

and social science water research offers a wealth of theories that include the transnational in 

particular in the analysis. Conflict and cooperation very often go hand in hand and not every 

conflict means the end of negotiations, nor does every cooperation necessarily have to be 

positive for all actors. The concept of transboundary river interaction was an ideal fit but was 

sometimes formulated a little too broadly. In the article “Nuclearized River Basins. Conflict 

and Cooperation along the Rhine, Danube, and Elbe”, we have therefore adapted the 

transboundary river interaction concept to our research findings and used the three categories: 

spatial interaction, environmental interaction, and infrastructural interaction. In the article 

“From cooling water to cooling towers” I also made use of the transboundary river interaction 

concept but combined it with water diplomacy and highlighted the power asymmetry in 

transboundary river interaction. I also deliberately decided not to use another concept on 

border studies because I believe that transboundary river interaction covers the discussion on 

interaction across borders very well. In addition, I wanted to use a concept in my work that 

takes up the flowing character of the Rhine. The border studies were too broad in this respect. 

 

6.2 Water Diplomacy 

As explained in the previous section, transboundary river basins bring opportunities for co-

operation as well as conflicts. Conflicts are usually manifold and often erupt for various 

reasons. In the case of water, however, it is often due to faulty planning and different factors 

coming together at different levels (Islam and Madani, 2017). This involves different social 

and political ideas about how water should be used, the limited availability of (fresh) water 

resources and the natural limits to securing the future availability of water. The concept of 

water diplomacy lends itself to analysing these complex political processes regarding the fair 

distribution of water between riparians. 

 

Water diplomacy also known as hydrodiplomacy is here defined as the practice of finding a 

common denominator between actors who share a water body. The primary aim is to avoid 

conflict and to use water resources peacefully. The problem with international river basins is 

that different value systems often clash and, depending on the region, water conflicts can also 

lead to destabilisation in other areas. This would actually suggest that the topic also appeals 
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to foreign policy experts, but this has hardly been the case to date (Pohl, 2017). Water 

diplomacy is generally a research desideratum, especially in the social sciences and 

humanities. When research deals with water diplomacy, in most cases the negotiations 

between national governments are examined in more detail, even though actors at the 

regional level and non-governmental actors are equally involved (Grech-Madin et al., 2018).  

 

Water territories are natural sites which are also politicised and they come into being through 

practices of water use (Boelens et al., 2016). Therefore, when analysing interactions in 

transboundary river basins, the political context needs to be at the forefront of a water 

diplomacy analysis. While also considering the different political levels within a state as well 

as on the interstate level. The politics of water interaction still often plays a secondary role in 

water diplomacy research (Grech-Madin et al., 2018). Keskinen et al. have identified four 

core aspects of water diplomacy. These are political, preventive, integrative and technical. 

Using these categories, they define water diplomacy as a political process that involves 

different tools and levels of diplomacy to avoid conflicts and tensions. The aim is to integrate 

different actors, both informally and formally, and to promote the exchange of knowledge 

between the actors (Keskinen, Salminen and Haapala, 2021).  

 

Diplomatic negotiations and co-operation between riparians of international rivers have 

increasingly led to the establishment of agreements and treaties in the past. Sehring et al. 

mention the Lake Chad Convention from 1964, the Senegal Agreement from 1972, the 

Danube River Protection Convention from 1994 and the Mekong Agreement from 1995 

(Sehring et al., 2022). Nevertheless, water diplomacy does not play an obviously prominent 

role in Europe as other concepts are being used more frequently, such as water governance 

or legislation. Here, river basin organisations are often at the forefront when it comes to 

negotiating conflicts of interest between the individual neighbours (Schmeier and Zavadsky, 

2021). 

 

6.3 Risk Perception and the Communication of Risks 

Research on risk perception has its origins in decision-making and psychology. Both disciplines 

are still dominant in the field (Slovic, Fischhoff and Lichtenstein, 1982). In most cases, these are 

time-limited snapshots of risk perception, which contrast with the historical approach, that is 

being used in this thesis. Innovations such as nuclear energy are artificial products made by 

humans, which have benefits, but also risks for the environment and society (Renn, 1984). 
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Nuclear power plants pose a fatal threat to humanity and the environment in case something 

goes wrong. As humans prefer risks which they can control or at least “foresee”, nuclear power 

plants pose a rather big risk in the perception of the public. The notion that an event might 

affect the involved population at any moment cultivates a sense of danger and helplessness 

(Renn, 2004). Statistics or rationality are not relevant for risk perception as “the random 

nature of the event […] poses the feeling of threat” (Renn, 2004). 

 

People are more willing to tolerate a source of risk in their vicinity the more they are directly 

affected by the benefits of a source of risk, but less directly affected by the actual risk (Renn, 

1984). Furthermore, the more someone recognises the associated benefits for society, that are 

in principle accessible to all, the more accepting they are. In short: People accept sources of 

risk with a high disaster potential the more they and society benefit from this source, but the 

less they are affected by the actual risk (Renn, 1984). Since the 1970s, people have become 

more aware of the risks that nuclear power poses to the environment, and the protests against 

such technologies are not always about the present danger. Instead, these concerns often show 

how the public's views on technology, the environment, and progress have evolved. 

Environmental pollution became global and represented a risk to humanity, but people also 

wanted to enjoy nature and have a high quality of life. This means that people in industrialised 

societies had generally a higher standard of living and therefore became more aware of 

risks to their own health. In the past, people’s health was more affected by the lack of hygiene, 

diseases, and other threats and therefore threats coming from environmental pollution just 

played a minor role in the awareness of the public. This changed continuously in the 1970s 

(Renn, 1984).  

 

Therefore, it is essential to analyse reactions from the public to a technology in the social 

setting. How people reacted to nuclear power in the 1970s differs in reasoning to people’s 

reaction in the 2000s. Through innovation and new technologies, the social order was being 

disturbed. Some groups benefitted from new technologies more than others and therefore 

protest against technologies did not necessarily have to do with the technology itself, but with 

the social group it was associated with. Renn states: “Resistance to technology also results from 

unease with the basic orientation of society and its economic and ecological objectives (Renn, 

1984).” This statement delivers one explanation to the different reactions towards planned 

nuclear power plants in local communities. The potential risk was not at the forefront for 

everyone as some people put much hope in the accompanying features the industry would 
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bring to town. The attitude of the general public did not necessarily reflect personal reactions 

to a planned nuclear power plant in one’s own backyard. However, how a technology was 

debated in the larger public, affected personal attitudes greatly.  

 

Technical assessments of risk often neglect the social and cultural aspects of a risk. Furthermore, 

an expert view of a risk often greatly differs from a societal view of a risk. Knowledge of 

how society could react to an incident is of great importance to risk governance. Public 

perception of risk changes when an incident occurs. This is due to interaction with psychological, 

social, and cultural processes. Secondary consequences on a social or economic level are 

caused by behavioural patterns which demand responses and action from the government. 

The cultural and social action and reaction, the experience of risk and the effects of the 

reactions are a process that has been termed the “social amplification of risk” (Kasperson et 

al., 1988). Especially major incidents such as the nuclear catastrophe of Fukushima had a high 

impact on societal perception of risks. In Germany the incident of Fukushima led to the 

immediate decision to phase out nuclear power. After the incident in Fukushima the risk in 

Germany was not higher than before, but the perception of risk shifted in society. The 

perception of risk therefore changed from a possibility to a probability (Renn, 2011).  

 

A risk only gets meaning when it is communicated. When a risk is communicated it is given 

significance by various signals, such as “images, signs, and symbols” which again influence 

social and cultural processes (Kasperson et al., 2003). Therefore, the psychological level plas 

an important role. Institutions and individuals are making sense of the communicated risk by 

interpreting and in turn communicating it again. Institutions and individuals who pass on 

information are “social stations of amplification” as the interpretation process will lead either 

to an increase or decrease of the perceived risk (Kasperson et al., 2003). Before 1986 there 

was great societal trust in large-scale technology in Germany at least. Even though some 

groups demonstrated against the use of technologies such as nuclear power, experts and their 

assessment of potential risks enjoyed public confidence. This changed in 1986 due to the 

explosion of the space shuttle Challenger, the disaster of Chernobyl and the fire of the 

chemistry factory near Basel (Renn, 2011). The public and politics reacted with resistance 

against large-scale technology in general and further development of existing technological 

sites. One political reaction was the foundation of the Bundesministerium für Umwelt und 

Reaktorsicherheit (Federal Ministry for the Environment and Nuclear Safety) in Germany (Öko-

Institut, 2017). 
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6.3.1 Nuclear Risk Perception along the Rhine 

In the 1950s in Germany nuclear energy was not only perceived as a provider of electricity, 

but the atom was seen as the symbol of a new era (Radkau, 1983). The potential of nuclear 

energy was viewed as a secure option for energy provision free from resource and siting 

issues. Nuclear energy was promoted as a technology that would revolutionise the chemical 

industry. It was promoted as a technology for the desalination of sea water, irrigation of 

deserts and the opening of Antarctica. Reactors were planned to be used on submarines, ships, 

vehicles, and trains. Not only did the nuclear industry and scientists working on nuclear power 

paint a colourful picture of a nuclear future, but also the public debate was rather in favour 

of this technology (Radkau, 1983). In retrospect, these glorious years of the atom were 

symptoms of the wish to disarm in a controlled and peaceful way (Radkau, 1983). Besides 

that, there were also hopes that electricity from nuclear power plants would be cheap and 

affordable.  

 

Nevertheless, it became very soon clear that the almost undebated and highly praised 

optimism towards nuclear energy and the expected cheap electricity was significantly more 

expensive than power from coal plants. At the end of the 1950s it was realised that the former 

optimism was premature. Even though the term “atomic ice age” was used in 1962, as a way 

of saying that the glorious years of the atom were over, no alternative to nuclear power found 

its way to the top (Radkau, 1983). It also became apparent that nuclear energy was viewed 

much more euphorically by politicians than by the energy companies themselves. The hope in 

progress ensured that nuclear energy was strongly promoted by politicians and little 

consideration was given to the concerns of the energy companies. In addition, the industry was 

expected to take responsibility for the operation of nuclear power plants alongside 

development in line with the social market economy and the state was not expected to take 

on this task, as was the case in France, for example (Müller, 1990). 

 

The industry showed an interest in nuclear energy, as evidenced by its involvement in the 

Karlsruhe Nuclear Research Centre; however, there was a fundamental difference between 

theoretical planning and practical implementation. Additionally, driven by the considerable 

promise that nuclear technology held as a pivotal technology of the future, research and 

development proceeded with greater urgency compared to earlier technologies such as the 

steam engine. Radkau highlights impatience and the drive to showcase German nuclear power 
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plants as dependable and exceptionally safe—an image notably underscored by the siting 

of these plants near urban areas, a concept inherently fraught with conflicting attributes 

(Radkau, 2008). 

 

The opinion on the peaceful use of nuclear energy in Germany shifted from indifferent in the 

1940s and 50s to rather positive in the 1950s and early 60s, to the majority of Germans 

being pro-nuclear in the late 1960s and mid-70s, and again to a split opinion in the late 

1970s. From 1979 to 1982 the public had a rather good understanding of the potentials and 

risks of nuclear power, but could not decide if nuclear energy was needed or if the uncertainty 

of the technology was too high (Renn, 1984). In Switzerland, a similar narrative unfolded, with 

nuclear power initially viewed as a solution to energy demands but later met with opposition 

as environmental and safety concerns grew. During the 1970s, public sentiment towards 

nuclear power became sharply divided, with individuals falling into two distinct camps: those 

in favour and those against nuclear energy (Häni, 2018). 

 

The shift from a positive view of nuclear energy to two divided groups among the public was 

also reflected in the formation of different protesters. As an example, I would like to point out 

the cross-border Franco-German protest movement, which became very well known, even 

beyond the Franco-German border, particularly because of the Wyhl nuclear power plant 

being prevented. Both sides were driven to their anti-nuclear protest by similar motives 

(Tompkins, 2016b). Tompkins hypothesised that the differences between the perception of 

nuclear power in the 1950s and 1970s could be explained by the number of nuclear power 

plants built. Even though nuclear power plants were built in the 1950s, there was such a “rapid 

expansion of nuclear programmes in the 1970s, […] that the issue attracted the attention of 

particular groups and, eventually, whole societies.” (Tompkins, 2016a).  

 

As a counterpart to the protest groups, a group of supporters of probabilistic risk analysis 

formed in Germany, consisting primarily of people from the public administration who sought 

to restore their authority with the help of this method. However, this could not circumvent the 

problem of adequate communication, as figures also had to be interpreted and analysed and 

could not guarantee absolute certainty (Esselborn and Zachmann, 2020). A similar 

development took place in Switzerland. During the 1960s, the expansion of nuclear energy 

was largely kept out of the public eye. In 1969, however, resistance began to form, primarily 

based on water protection. The intensive and large-scale planning of several nuclear power 
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plants on the Aare and High Rhine led to increased risk awareness among experts and the 

public alike. This was accompanied by a loss of confidence in the authorities responsible for 

nuclear power plant planning. As a result, the authorities and nuclear energy experts were 

literally forced to legitimise their expertise and their work. Licensing procedures for nuclear 

power plants dragged on, which in turn led to resentment on the part of the power plant 

operators. Nuclear energy, which had previously been euphorically promoted, lost acceptance 

(Gugerli, Kupper and Wildi, 2000; Kupper, 2005). 

 

6.4 Usable Pasts 

In academia, the term 'usable pasts' is now used very widely and in various disciplines, but 

without a clear definition. Clear instructions for action cannot be derived from history, but it is 

still possible to learn from it (Moss and Weber, 2023). In his recently published book chapter, 

Timothy Moss has taken a first step towards the conceptualisation of usable pasts and writes 

that history should of course not lead the way into the future, but that people should use history 

as inspiration without repeating the mistakes they have already made. Moss proposes the 

following definition: “‘usable pasts’ refer to the enrolment and critical appraisal of knowledge 

about the past by researchers, policymakers, opinion makers, and citizens to help address 

current and future challenges” (Moss, 2024). He suggests, for instance, that infrastructure ought 

to be scrutinised across an extended timeframe, considering the degree to which it has 

undergone alterations or remained unaltered, allowing for the coexistence and potential 

collaboration of both old and new elements. Moss proposes three different approaches to 

making infrastructural pasts usable: re-presenting pasts, re-membering pasts, and re-iterating 

pasts (Moss, 2024). I adapt his approach and apply it to the pasts of nuclear energy. 

 

Re-presenting pasts refers to the portrayal of history with certain inaccuracies, either by 

omitting details or by depicting outdated technologies as novel. A pertinent illustration from 

the field of nuclear technology is the advent of fourth-generation nuclear power plants, which 

are only marginally different from the technologies presently in use (Högselius, 2021; Moss, 

2024). Moss posits that re-membering pasts can be strategically orchestrated to repurpose 

existing infrastructure, thereby updating its utility to meet contemporary demands. However, 

in the nuclear energy sector, examples of this are scarce due to the virtual erasure of historical 

markers at many decommissioned nuclear facilities. A notable exception is the Kalkar site on 

the Lower Rhine. The fast breeder reactor there was never activated, largely due to the 

Chernobyl disaster, and was subsequently transformed into a leisure and amusement park. 
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While the park incorporates several attractions that nod to its historical roots, the emphasis is 

more on commemoration than on actual functional repurposing (Sastre-Juan and Valentines-

Álvarez, 2020; Spennemann, 2021; Moss, 2024).  

 

Moss advocates for a novel approach he terms re-iterating pasts, suggesting historians should 

engage more proactively with diverse stakeholders (Moss, 2024). An illustrative case is the 

German Federal Office for the Safety of Nuclear Waste Management. Notably progressive 

for a German agency, it aims to avoid historical errors by critically engaging with its past. 

Among its initiatives, it has commissioned historians to analyse previous nuclear disputes, with 

the objective of collecting insights for future endeavours and enhancing public engagement in 

policymaking. In 2019, the office initiated a project to re-examine the "Citizens' dialogue on 

nuclear energy" from the 1970s, intending to extract valuable lessons from those discussions 

to inform forthcoming decisions (Bundesamt für die Sicherheit der nuklearen Entsorgung, 2019). 

It should not be forgotten, however, that these opportunities for cooperation naturally always 

involve risks, such as the instrumentalisation of the results or the influence of clients and sponsors 

(Mignon Kirchhof and Meyer, 2021). 

 

6.5 Water-Energy-Nexus 

When assessing energy sustainability, water is a crucial factor that cannot be overlooked, 

given the inherent interdependence between the water and energy sectors. This 

interconnection is commonly referred to as the water-energy-nexus, or in this context, the 

water-nuclear-nexus. Globally, water usage in the energy sector amounted to approximately 

370 billion cubic meters (bcm) in 2021, constituting around 10% of total global water usage. 

Of this amount, 106.3 bcm was utilised for nuclear energy generation. Projections indicate a 

steady increase in the energy sector's water demand to about 400 bcm by 2030, with nuclear 

energy accounting for 128.3 bcm. However, it's important to differentiate between water use 

and water consumption. Water consumption, which refers to water that is not returned and 

thus becomes unavailable for other users at that location, stood at 4.0 bcm in the nuclear 

energy sector in 2021. The International Energy Agency (IEA) anticipates this figure to rise to 

4.8 bcm by 2030 (IEA, 2023).  

 

In the past, political decision-makers and energy companies assumed that certain resources, 

such as water, were available in abundance. This led to the promotion of water-intensive 

energy options, as is the case with conventional nuclear power plants. In turn, when water 
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scarcity is recognised, energy-intensive options such as seawater desalination or long-distance 

water transport are advocated (King et al., 2013). Through the water-energy-nexus, 

researchers and experts expect to gain a better understanding of the strong connection and 

dependency between the energy and water sectors and, as a result, more efficient measures 

to combat climate change (Hoff, 2011). This is crucial as the immense consumption of limited 

resources in combination with climate change makes it likely that conflicts will arise in the 

future, especially regarding limited water resources. 

 

6.6 The Question of Agency – or what is a Nuclear River? 

Whether rivers have something like agency is a question that concerns many researchers, 

especially in environmental history and the environmental humanities. Environmental history 

has been emphasising that nature is not a sole object but can also be seen as something that 

contributes to history making. In this discipline, nature and the social are entangled and they 

are mutually dependent. However, the statement that nature has agency was also met with a 

lot of criticism (Nash, 2005). To what extent can a river express something like intention, and 

can a river in itself be compared to humans as a living being? This is a very big question that 

could certainly fill a dissertation in itself. In addition, this question would be answered very 

differently depending on the cultural and religious context. I do not claim to answer it 

exhaustively and will therefore limit my answer to the so-called Western cultural sphere and, 

more precisely, to the area through which the Rhine and its tributaries flow.  

 

The question of whether a river can have agency depends primarily on how an actor is defined 

and whether a non-human object can be an actor. Without wanting to go too deeply into 

actor-network theory at this point, I will nevertheless follow Bruno Latour and say that an 

action can be carried out without necessarily having to have an intention behind it. Latour goes 

on to say that "any thing that does modify a state of affairs by making a difference is an 

actor" (Latour, 2005). In this sense, a river has agency because through its materiality it 

connects people, things, places and can cause changes depending on weather conditions and 

water levels. These changes can mean, for example, that too low a water level stops shipping 

traffic or makes it impossible to cool nuclear power plants. Of course, in the end it is people 

who decide that the water level is too low, meaning that environmental regulations can no 

longer be complied with, and the cooling of nuclear power plants is no longer justifiable from 

an environmental point of view. Nevertheless, the low water level of the river has led to this 

decision and triggered a (chain) reaction. 
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The Rhine and its tributaries embody both materiality and agency, linking diverse locations 

and stakeholders who are simultaneously influenced by and exert influence upon their 

environment. The multifaceted roles of the Rhine, including its use for waste disposal, directly 

impact the quality of drinking water, illustrate the intricate connections and relationships that 

are not only spatial — as seen in upstream-downstream conflicts — but also temporal. Such 

long-standing disputes, like those over the disposal of radioactive waste near the riverbanks, 

highlight the river's ability to affect groundwater quality over extended periods, a topic I 

explore in my article on drinking water quality. Consequently, power dynamics extend beyond 

human control, shifting with the context of each interaction. Water thus serves as both a 

fundamental resource and a bridge connecting humanity with the natural world on a scale 

that ranges from the immediate to the cosmic (Strang, 2014). 

 

The agency of a river differs from the agency of other, non-flowing objects. Edgeworth (2014) 

illustrates this with the metaphor of a boat navigating a river, either drifting with the current 

or endeavouring to move against it. He further observes that human interventions in a river's 

course, such as dam construction or, in the case of the Rhine, river straightening and floodplain 

drainage, can prompt unforeseen responses from the river. Despite such efforts, the river may 

still breach its banks, often transferring the flood risk downstream. 

 

This agency encompasses the myriad interactions and connections among various entities, 

including locations, the river and its constituents, climatic conditions, and those who engage 

with the river and its resources. These interactions mutually shape not only the agency but also 

the identities of both the subjects and objects involved. Consequently, actions and outcomes 

cannot always be predicted; fluctuations in water levels or temperatures may occur 

unexpectedly, further exemplifying the river's agency. This concept of agency, both in isolation 

and in interaction with other actors, underscores the dynamic and interconnected nature of 

river systems (Marila, 2023). 

 

Throughout history, the Rhine has often been changed, (negatively) influenced and pushed to 

its natural limits. In many studies on rivers, and my work is no exception, reference is made to 

the different functionalities of rivers. Nevertheless, a river is also a living being with all its 

animal and plant components, rather than merely a resource for human needs. With my work 

I want to distance myself from the perspective of extractivism and present the Rhine and its 
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tributaries as an essential part of the natural and human environment that exists for more than 

just cooling nuclear power plants. As I wrote at the beginning of this introduction, the limitation 

of water is often only recognised when this valuable resource becomes scarce. Even if I 

personally want to distance myself from the anthropomorphic perspective on non-human 

subjects, a river still has agency, even if it cannot be translated one-to-one with human agency. 

 

7. Method and Sources 

The methodology of this thesis consists of document analysis of archival materials, case studies, 

and interviews. People argue and negotiate about water in different ways, depending on the 

political situation and cultural background. In order to gain an understanding of these 

interactions, it is necessary to analyse these interactions through case studies (Zeitoun et al., 

2020). In my selection of cases, I was guided by the documents from the archives. At the 

beginning of my work on the doctoral thesis, I had a rough overview of the history of nuclear 

energy along the Rhine, which resulted primarily from the study of secondary literature. 

Naturally, I was guided by my personal interests when selecting cases, but sometimes 

documents from the archives changed my mind about a particular case. This was the case, for 

example, with my article ‘What is good drinking water?’, in which I analyse the history of the 

Karlsruhe Nuclear Research Centre. Initially, I only wanted to research nuclear power plants 

and had categorically excluded research centres. However, during my visit to the General 

State Archive in Karlsruhe, I became aware of the debates on drinking water quality in 

Eggenstein-Leopoldshafen and this case was too intriguing and controversial not to include. 

 

Geographically, I concentrated on the Rhine and decided to investigate individual nuclear 

energy sites more intensively instead of covering as many nuclear power plants and nuclear 

energy research centres as possible. Since nuclear energy was promoted by the state in the 

neighbouring regions of the Rhine, I decided to consult state and federal archives. This is also 

reflected in my articles. Nevertheless, I was able to take the industry perspective into account 

in my articles, as the wealth of documents I was given access to included an extensive 

correspondence between ministries and industry. In addition to institutional archives, I have 

also made use of the anti-nuclear collection from Wilhelm Knobloch, which he donated to the 

General State Archive Karlsruhe. Wilhelm Knobloch was a forester in the Hardtwald forest 

near Karlsruhe and made protesting against nuclear energy his life's work ever since he 

witnessed the construction of the Nuclear Research Centre in "his forest" in the 1950s. Based 
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on this collection, I was able to gain a broader overview and became aware of the conflict 

between the local population in Eggenstein-Leopoldshafen and the operators of the Karlsruhe 

Nuclear Research Centre, which I deal with in my second article "What is good drinking 

water?". In my opinion, nuclear protests in the Upper Rhine region have already been the 

subject of much academic research. However, I wanted to incorporate this perspective into my 

work, because activism is an inherent part of the history of nuclear energy. Nevertheless, 

based on the archival documents, I decided to focus on this early protest movement that so 

far has received little attention. 

 

When I started the article on drinking water quality, I also conducted several interviews with 

(former) activists, people from the local population, former employees of nuclear power plants 

and experts from the nuclear energy industry. However, these were informative in nature and 

were not used methodically in my articles. I conducted the interviews during the first two years 

of my doctoral thesis and the people I interviewed helped me a lot in orienting my research, 

selecting cases, and finding sources.  

 

France is only dealt with in passing in my work, without going into detail about documents 

from French archives. In 2019, I visited two French archives. First, I visited the Archives 

Départementales du Haut-Rhin in Colmar and then the Archives Nationales in Paris. Both 

archive visits were very difficult. In Colmar, I was only allowed to view marginally relevant 

documents that had nothing directly to do with nuclear energy. Many archival documents were 

not even accessible. I applied for access, but this was not processed for several months and 

due to the pandemic in 2020, I was informed that it would not be processed in a timely manner 

and that I would have to submit a new application. However, the archives were closed, and I 

had no way of travelling from Sweden to France. My visit to the Archives Nationales was 

equally challenging. From the outset, I was not given access to documents that were relevant 

to me. The documents I was allowed to see were insignificant and after this experience I 

decided to focus more on Germany and Switzerland. As I had already visited the General 

State Archives in Karlsruhe, I knew that I wouldn't have any problems finding materials in the 

future and didn't want to waste any more time. 

 

In addition to the General State Archives in Karlsruhe, I also visited the Main State Archives in 

Stuttgart and ordered copies of documents from the State Archives in Freiburg. All three 

archives are part of the Baden-Württemberg State Archives. I also visited the Federal Archives 
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in Koblenz several times, where I found documents on the Cattenom nuclear power plant, 

correspondence between actors from the German, Swiss and French governments, and minutes 

from meetings of the International Commission for the Protection of the Rhine.  

 

Aside from archives in Germany, I visited several archives in Switzerland. These were the 

Federal Archives in Bern, the State Archives in St. Gallen and the State Archives in Aarau. In 

the article "From cooling water war to cooling towers" in particular, it becomes clear that I 

base my analysis heavily on the Swiss documents. I decided to do this because I wanted to 

address different audiences with my work, but also because I was particularly interested in 

the perspective of the hegemon and the extent to which negotiations with other countries were 

organised when a country felt that its sovereignty was under attack. As the River Aare flows 

entirely through Swiss territory, this analysis was an obvious choice. 

 

The two articles "Nuclearised River Basins" and "Atomic Rivers" benefited from my previous 

work, which allowed me to understand the different national motivations for going nuclear. 

Although both articles are also case studies, they do not go into as much depth as the other 

two articles do. Both articles focus more on transnational interaction.  

 

Finally, I also explored the archives of the International Atomic Energy Agency, driven by the 

desire to acquire a deeper understanding of the industry and its underlying motivations. 

Regrettably, my investigations there did not yield the results I had anticipated. I was unable 

to access any documents pertaining to the Rhine, as the archives do not release documents 

focused on specific locations. Additionally, many documents, including correspondence 

between the IAEA and the ICPR, were classified. Consequently, I did not incorporate any 

materials from the IAEA archives into my research. 

 

8. Delimitations and Limitations 

Limitations represent the parameters that lay beyond my influence, constraining and 

circumscribing my work for various reasons. Delimitations, on the other hand, denote the 

boundaries I intentionally set for my dissertation, providing a framework that enabled me to 

accomplish the work within the allotted time frame (Matanda and Mawere, 2022). 
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8.1 Delimitations 

My dissertation is entitled ‘The Nuclear Rhine’, but I am more concerned with the nuclearisation 

of the High Rhine and the Upper Rhine, particularly in the case studies. First and foremost, this 

was a personal decision, and I was guided by my interests. Having grown up in Karlsruhe and 

the Black Forest, this geographical location was closer to me, and I wanted to learn more 

about the history of this region. However, a look at the map of planned and built nuclear 

power plants also shows that significantly more nuclear power plants were planned in the 

south-west and south of Germany than further north. This conglomeration of nuclear power 

plants therefore also led to strong reactions from critics of nuclear energy, from the public 

administration, expert circles, and society. I was also lucky enough to have access to many 

archival documents right from the start, which I found exciting and worth analysing. 

Nonetheless, with the article ‘Nuclearized River Basins’ I wanted to create a counterpart to the 

in-depth case studies, and in this article, I have adopted more of a meta-perspective that 

looks at the Rhine catchment area as a whole. 

 

8.2 Limitations 

As I have already explained in the chapter on methods and sources, I had great difficulty 

gaining access to French archival material. At the beginning of my dissertation, I had planned 

to give the French perspective equal status to the German and Swiss perspectives. This would 

also have been exciting because it would have allowed me to write an article on the Cattenom 

and Remerschen nuclear power plants. As I had only limited access to documents on Cattenom 

and Remerschen, all of which were written by German authorities, I decided to focus on the 

conflict between France, Germany, and Luxembourg very briefly in the article "Nuclearized 

River Basins" without going into any more depth. In addition, the very severe restrictions 

imposed by the coronavirus pandemic meant that I was unable to visit archives for an 

extended period of time. In particular, writing the article "From Cooling Water War to 

Cooling Towers" was very prolonged because I was missing basic documents. In addition, I 

actually wanted to include more interviews in my work. However, as the topic of nuclear 

energy is still a politically very sensitive one, I was unable to build up trust with potential 

interviewees from a distance and therefore left it at the first few informative interviews I had 

conducted and concentrated more on my sources from the archives. 
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9. Organisation of the Study and Findings 

The four articles in this dissertation cover different time periods as well as geographical areas. 

They are also organised in such a way that they appeal to different audiences. With my work, 

I would like to contribute to a better understanding of the environmental impacts of nuclear 

energy on water in a broad way. However, writing a historical work for historians would 

defeat the purpose. Political decision-makers, nuclear engineers, environmental researchers, 

etc. tend not to find their way into historical journals. In order to get in touch with the most 

diverse clientele, I have to venture into their circles. A first step is therefore to publish in various 

academic journals. 

 

Article I 

Gutting, A. and Högselius, P. (2024) ‘Nuclearized River Basins: Conflict and Cooperation along 

the Rhine, Danube, and Elbe’, Historical Social Research, 49(1), pp. 92–125. Available at: 

https://doi.org/10.12759/hsr.49.2024.05. 

 

Author Contributions 

Per Högselius and I wrote this article together. I came up with the idea and the basic structure 

for the theoretical framework, and Per developed the theoretical framework further. I was 

the main author of the text sections on the Rhine and did the basic literature research on the 

Elbe and Danube, which Per then continued. I collected the archival material on the Rhine. Per 

and I wrote the introduction and conclusion together. 

 

Article I offers a macro-perspective on the nuclearisation of the Rhine, Danube, and Elbe River 

basins. We expanded upon the social science concept of transboundary water interaction by 

introducing three critical categories: space, environment, and infrastructure, which dominated 

the discourse surrounding the nuclearisation of these river basins. Our macro perspective is 

reinforced through detailed case studies along the rivers that support our thesis on 

transboundary river interaction. 

 

We explored several key questions, including why certain rivers were initially deemed 

suitable for nuclearisation. Additionally, we analysed the challenges faced by nuclear power 

plant planners in executing their projects and the conflicts of interest that arose. A particular 

https://doi.org/10.12759/hsr.49.2024.05
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focus was placed on the border character of the rivers and how this influenced planning 

processes. 

 

Our analysis also considered the behaviour of various stakeholders to provide a balanced 

historical account of nuclear energy development, ensuring that the perspectives of industry, 

politics, and protest movements were not disproportionately emphasised. We found that 

interactions among these actors could not be neatly categorised into cooperation and conflict; 

instead, these elements coexisted and often intertwined. Given the inherent potential for 

conflict in river locations due to their significance to humans, the importance of implementing 

measures to prevent serious disputes from the outset is paramount. This macro perspective 

underscores the complex dynamics at play in the nuclearisation of transboundary river basins. 

 

The article appeared in the special issue 'Geographies of Nuclear Energy' of the journal 

Historical Social Research, renowned for its interdisciplinary approach that integrates social 

science research with historical inquiry. This publication allowed us to engage with multiple 

audiences simultaneously, encompassing experts from the fields of history, geography, and 

the social sciences and humanities, particularly those focusing on nuclear energy research. 

 

Article II 

Gutting, A. (2023) ‘What is good drinking water? 41 years of risk perception on water quality 

in the vicinity of the Nuclear Research Centre Karlsruhe, 1956-1997’, Risk, Hazards, and Crisis 

in Public Policy, 14(4). Available at: https://doi.org/10.1002/rhc3.12265. 

 

The second article focuses on a conflict between the Karlsruhe Nuclear Research Centre, the 

local population, local politicians, and the authorities that has been smouldering for over 41 

years. On the one hand, it was about the shift of the perceived risk to the urban periphery, 

the effects of the Nuclear Research Centre on the water quality in rural Eggenstein-

Leopoldshafen near Karlsruhe, but also about the ongoing trivialisation and invalidation of 

the local risk perception. In relation to the future, the question arises as to what extent a 

comprehensive understanding of nuclear history from the 1950s onwards can contribute to 

future decision-making processes in relation to water. A valuable lesson is that political 

decisionmakers and public authorities need to pay more attention to local risk awareness and 

that they have to think more long-term. 

 

https://doi.org/10.1002/rhc3.12265
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From a disciplinary point of view, historiography can contribute to a deeper understanding of 

social processes by trying to understand where resistance originates. Often, processes have a 

history that not everyone involved may be aware of. The article has been published in the 

journal Risk, Hazards, and Crisis in Public Policy, as my aim was to contribute to a deeper 

understanding of social movements. 

 

Article III 

Gutting, A. (Forthcoming) ‘From cooling water war to cooling towers. How Switzerland and 

Baden-Württemberg negotiated the fair allocation of nuclear cooling on Aare and High Rhine, 

1965-1970’. (Currently under peer-review with Water Alternatives). 

 

In the third article, I deal with the negotiations between Switzerland and the German state of 

Baden-Württemberg from 1967 to 1970, which centred on the fair distribution of cooling 

water resources in the Aare and High Rhine rivers. Switzerland in particular had plans to 

intensively nuclearise the Aare and parts of the High Rhine. However, as heated water can 

affect the temperature of rivers over several hundred kilometres, the two parties had to find 

ways and measures to shape their plans without the water quality suffering. The result was a 

ban on freshwater-cooled nuclear power plants and the obligation to use alternative cooling 

measures such as cooling towers. In addition, the countries commissioned ground-breaking 

research to determine the thermal capacity of rivers. These limits are still valid today. 

 

By choosing the journal Water Alternatives, I wanted to bring historical nuclear energy research 

more into the focus of social science water research. In times of climate change and the 

increased impact of energy production on water resources, a better understanding of the 

historical negotiations between state water protection and energy planning can contribute to 

a better basis for future decisions. 

 

Article IV 

Gutting, A., Högselius, P. and Burkhardt-Holm, P. (Forthcoming) ‘Atomic Rivers. The 

(Un)Sustainability of Nuclear Power in an Age of Climate Change’. (Submitted to Energy 

Policy). 

 

Author Contributions 



 34 

This article was co-authored by Per Högselius, Patricia Burkhardt-Holm, and me. I 

conceptualised the article and took the lead in crafting the introduction, the literature review 

concerning the interrelation of water and energy, the segment addressing thermal pollution 

and the associated challenge of adhering to thermal discharge limits, as well as formulating 

the policy recommendations. Furthermore, I conducted archival research on the Rhine. Per 

authored the section exploring cooling water scarcity and the challenges it presents. Patricia 

contributed to the sections examining the ecological impacts of nuclear power plant operation 

and construction, as well as the intricate relationship between climate change and the 

continued release of warmed cooling water by nuclear power plants. The conclusion was 

collaboratively written by all authors. 

 

The fourth article builds on Article III and brings the debate of the 1960s and 1970s into the 

present day. Despite the fact that the acceptable thermal pollution levels of the Rhine were 

set in the 1970s, the energy industry regularly exceeds these limits under the guise of energy 

supply. In our article, we take part in the debate on the sustainability of nuclear energy and 

question it in relation to rivers. We include historical data in our analysis as well as research 

findings from the field of ecology and show the extent to which even small temperature 

fluctuations can have a lasting negative impact on flora and fauna. We also show that climate 

change, particularly in the form of heatwaves and low water levels, is not only dangerous for 

the environment, but also threatens the energy supply, as nuclear power plants rely on water 

for cooling. 

 

This article was submitted to the journal Energy Policy because we were keen to discuss the 

water issue in an energy forum. Research on the water-energy nexus is still in its infancy and 

water is often still in ample supply from an energy industry perspective. This view is highly 

questionable from the perspective of water protection; a debate that already took place in 

the 1960s and should be brought back into the public eye. By formulating policy 

recommendations, we hope to facilitate access to this complex topic for political decision-

makers. 

 

10. Concluding Remarks 

In my thesis I explored the entangled as well as mutually dependent relationship between 

water and nuclear energy, with a specific focus on the Rhine River basin, spanning from the 



 35 

1950s to the present day. Through a series of comprehensive articles, my work examined the 

historically complex interplay between nuclear development and water management, 

highlighting the often overlooked yet critical role water plays in the nuclear energy sector. 

This research is especially relevant today, as climate change amplifies the susceptibility of 

nuclear power plants to extreme weather phenomena like heatwaves as well as the partially 

extreme effects of nuclear power plants on their aquatic environment. 

 

A key argument presented in this thesis is the underappreciation of water in relation to nuclear 

energy in contemporary society compared to its higher social status in the 1950s to 1970s. 

This recognition has significant implications, especially as extreme weather conditions prompt 

a re-evaluation of water's value. By adopting a transnational and interconnected perspective, 

my research not only challenges traditional nationalistic narratives but also highlights the 

importance of cooperation and shared resource management along the Rhine—a model for 

future transnational collaborations in the European context. 

 

In my analysis I analyse various dimensions of water-nuclear-interactions, from the selection of 

riverine sites for nuclear plants and the associated challenges and conflicts, to the specific case 

studies focusing on risk perception, water diplomacy, and the sustainability of nuclear power 

in an era of climate change. These discussions are grounded in historical examination while 

also connecting with present-day debates on the environmental sustainability of nuclear 

energy and its place in a future faced with growing climate unpredictability. 

 

In conclusion, my thesis significantly contributes to a new understanding of the dynamic 

relationship between water and nuclear energy. It calls for a greater appreciation of water 

as a critical, yet finite resource, and underscores the need for sustainable, forward-thinking 

approaches to nuclear energy development. As society navigates the challenges posed by 

climate change, the insights from my thesis offer valuable lessons on the importance of 

transnational cooperation, comprehensive risk assessment, and the careful consideration of 

environmental impacts in shaping the future of energy policy. This work not only sheds light on 

the past but also provides a roadmap for navigating the complex interdependencies between 

water and nuclear energy in the years to come. 
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