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List of Abbreviations 

AEG - Alternative Electricity Generation. The category refers to the following primary energy 

sources and technologies: Onshore wind, Offshore wind, Solar PV, Geothermal, Biomass, 

Waste.  

BDEW - The BDEW is a German industrial association representing firms in the energy and 

waterworks sectors. 

CasP - Capital as Power. An approach to the study of capitalism which postulates that capital 

is not a productive/material entity, but a symbolic representation of power. 

CEG - Conventional Electricity Generation. The category refers to the following primary 

energy sources and technologies: Hard coal, Lignite, Natural Gas, Nuclear, Oil, Mineral oil 

products, Hydro. 

CFD - Contract of Difference. In electricity trading this refers to a subsidy model which ensures 

that negative deviations from a fixed reference price will be reimbursed (one-sided) or that both 

negative and positive deviations will be paid for (two-sided). 

CHP - Combined Heat and Power. Technologies which generate both electricity and thermal 

energy at high efficiencies. 

DER - Distributed Energy Resources. Distributed resources are generally small-scale, behind-

the-meter, systems, located in proximity to customers (on-site), and providing both electric 

power services to consumers and grid stabilisation services to system operators/utilities. 

EEG - Erneuerbare-Energien-Gesetz. The German Renewable Energy Sources Act which first 

came into force in 2000. 

FinT - Feed in Tariff. A policy tool that sets a fixed, above-market price for renewable energy 

sourced electricity generation. 
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from the transition to fossil fuels;14 the latter holds transformative potentials of decentralization 

and democratization which are contested by dominant capital formations working within a 

well-established capitalist regime.  

The case study analysis uncovers two mirroring business-industry-energy processes. The first 

process regards the British case study: As rates of change in the transition to fossil-fuels began 

to decline in late 19th century Britain, control of output through physical breadth measures 

(i.e., growth in employment and use of primary energy) and physical depth measures (increased 

productivity per employee and energy input) were supplemented by an emergent price-setting 

mechanism. 

The second process regards the German Energiewende case study: Following an initial 

destabilization, dominant electricity firms in Germany derived a mechanism through which to 

regain sectoral control, for the time being. The mechanism relies on the strategic control of 

shrinking conventional capacity necessary for securing reliable supply. Banking on a 

constrained perpetuation of renewable energy sources penetration, Fossil-fuels-based 

electricity generation firms engage in shaping and restricting the Energiewende process in 

accordance with their business interests. 

Identifying these two mirroring processes enabled me to venture the argument that rather than 

growth in energy capture, it is the ability to control the socio-technical process which is 

essential to the reproduction of capitalist power. As shown in the analysis of both, admittedly 

very different, case studies, neither rampant growth nor the threat of significant decline in the 

breadth and depth of energy capture provided a stable and secure basis for differential 

accumulation. It was only when dominant capital (or nascent dominant capital) acquired a 

 
14 The term dominant capital refers to the coalition of leading corporations and government organs which support 
them (Nitzan & Bichler, 2009). 
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addition, subjugating the operation of a critical techno-physical nexus (the electricity grid) in 

a transitioning system to the logic of differential profit, bears consequences for the transitional 

process itself.  

I next discuss the british case study, and the possibility that ferrous metals manufacturing 

businesses shaped differential prices by linking wage rates to output price rates. If this be the 

case, ferrous metals manufacturing businesses would have diverged from the general business 

conditions and embarked on a transition from price-takers to precursor price-makers, 

anticipating the business practices of mature capitalism. In addition, I consider the differences 

between growth in energy capture and increased control of energy capture, and their 

significance in reproducing hierarchical capitalist power formations. 

Finally, Chapter Eight concludes the dissertation. In it I discuss its strengths, major 

contributions, weaknesses, and limitations, and suggest further research pathways.  
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the basis of global finance, with private bondholders receiving interest payments from revenues 

generated by governmental practices, thus rendering the state itself a capitalized entity. 

Ongoing processes of differential accumulation create what Nitzan and Bichler (2009) term 

dominant capital, tightly intertwined and organized clusters of leading corporations and state 

organs, which control and shape society in the course of sustaining and augmenting their power 

over it. 

2.2.5 Energy and CasP 

This section pursues a line of CasP research into issues of energy, capital, and power. In this 

line of research, core concepts and measures of CasP are employed to analyse trends and 

transformations in the social technique of energy capture and its relation to social power. 

First, the distinction between politics and the economy, with regards to the energy sector, is 

challenged. Bichler and Nitzan (2002) for example base their analysis of energy crises in the 

Middle East on the concepts of differential accumulation and differential inflation. They argue 

that energy conflicts generate differential inflation,45 which in turn boosts the differential 

accumulation of dominant energy firms. This fuels a self-reinforcing cycle as the revenues are 

then used to acquire weapons, which augments the differential accumulation of dominant arms 

industry firms and enables the next round of bloodshed-cum-differential-accumulation. In this 

analysis, war is understood to be a form of sabotage that drives differential inflation, and thus 

differential accumulation processes - not an external shock, but part and parcel of the internal 

workings of power that get capitalized - i.e., added to calculations that determine the relative 

value of capital. 

 
45 Oil prices rising faster than other commodities. 
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3.2 Goals 

Two distinct yet related motivations drive the current study. One is theoretical and 

methodological, and the other is empirical. 

On the theoretical level, the research seeks to develop an analytical perspective for the study 

of energy transition and social power which integrates both an understanding of capitalist 

power relations and a consideration of societal energy capture. It offers a taxonomy of socio-

technical change as it relates to energy capture regimes and differential accumulation regimes. 

In addition, from the perspective of CasP theory, the research seeks to develop both a better 

understanding of the maturation of the capitalist mode of power, and a methodical exploration 

of industrial change and business power. 

On the methodological level, the research seeks to develop a set of sector-specific measures 

for the study of socio-technical change under varying energy capture and capital accumulation 

conditions.  

The analytical perspective and methodological tools are expected to aid the empirical study of 

contemporary renewable-energy-based decarbonization processes, to achieve a better 

understanding of unfolding energy transitions and the dynamics of decentralisation, 

decarbonization and social power therein (see Section 3.5). I will use the approach developed 

in this research to analyse a prominent contemporary case of national energy transition - the 

German Energiewende in the electricity sector. In addition, I will use the analytical perspective 

to empirically explore the historical transition to fossil-fuels in Britain. I seek to better 

understand the contingency between the maturation of capitalism and the shift to fossil-fuels, 

and business-industry relations therein.  
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3.4 Research outline 

Figure 1: Research outline  
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3.5 Conceptual Framework 

In this section, I present my approach to the study of energy transition and power.  

Energy regimes are deeply related to modes of power. The (re)production and (re)distribution 

of energy systems and their desired and undesired products are both a capitalized phenomenon 

and a precondition of capitalization. Therefore, the perspective accounts for the relations 

between business, industry, and energy capture as they define conditions of social power 

accumulation, its redistribution, and the course of socio-technical change. Power over energy 

can be asserted and contested both regarding the direction of changes in energy capture 

and regarding the capitalization of energy-related industries.  

As discussed in the literature review section, spatio-physical conditions, socio-technical 

possibilities, and social power institutions co-determine the scope, pace and limits of both 

societal energy capture and social power accumulation (see Section 2.2.5 and 2.3).  

Figure 2 represents the three interrelated components of the Business-Industry-Energy 

perspective on energy transitions - differential accumulation regimes, socio-technical 

processes, and energy capture regimes. 

Energy capture regimes (see Figure 2, bottom tier) delimit the socio-technical conditions of 

energy extraction, conversion, and utilization. Rooted in the institutions of private ownership, 

investment, and capitalization, power accumulation in capitalism is contingent on the command 

and expansion of energy capture. Continuous accumulation and hierarchical expansion are 

historically coupled with growth in energy capture. The scope and limits of accumulation, both 

within a given sector and on a wider social scale, are thus partly set by biophysical factors, 

their given spatial distribution, and the finite character of planetary space itself (see Section 

2.3).  
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Figure 2: The Business-Industry -Energy Perspective on Energy Transitions 

 

Energy capture can expand (or contract) through breadth, depth, or a combination of the two 

(see Figure 2). By breadth I refer to primary energy consumption (measured in Joules). By 

depth I refer to net energy measures, and measures of conversion efficiency (expressed as a 

percentage). Thus, expansion in breadth would include intensification and diversification of 

primary energy extraction and consumption, like in the wider use of natural gas as energy 

source, enabled by the development of compressors and steel pipes (Smil, 2017). An increase 

in depth would entail higher EROI, or greater conversion efficiency, as in the rise in EROI for 

oil and gas production in the USA during the first half of the 20th century (Guilford et al., 

2011), or the high efficiency of combined-cycle gas turbines in relation to other technologies 

(Smil, 2017). An example of increase in both breadth and depth is the transition to steam, 

which included both a leap in the breadth of coal consumption and in conversion efficiency of 

fossil-based prime movers (Smil, 2017).  

Every social order depends on the natural environment and social production to sustain itself. 

Within hierarchical societies, however, it is not merely production, but its control, that defines 

the social order. Under capitalism, the institutions of private property, investment and 

capitalization channel reproductive and transitional processes (Bichler & Nitzan, 2023). 
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Differential accumulation regimes (Figure 2, upper tier) are related to the business-regulation 

nexus, the two primary intertwined organizational bodies of capital - corporations and 

government organs. Bichler & Nitzan (2009) identify four differential accumulation strategies 

associated with it: external breadth, internal depth, external depth, and internal breadth. These 

are strategies dominant capital can employ to achieve and increase differential accumulation 

(See Section 2.2.3).  

Socio-technical processes (Figure 2, middle tier) are related to industry, they represent socio-

technical development and are inherently connected to business-regulation strategies. I define 

four generalized types of socio-technical processes resulting from business-industry-regulation 

dynamics: structural change, transformation, innovation, and stagnation. Innovation and 

stagnation can be defined as path-reproducing processes, in that they deepen path-dependency, 

while structural change and transformation can be defined as path-altering processes. 

Innovation is the reconfiguration and improvement of a certain socio-technical configuration. 

It does not transform, but rather enhances, an existing socio-technical path. Business engages 

in selection and promotion of specific technologies and upgrades, while simultaneously 

suppressing others. This process is related to internal depth strategies, like cost-cutting, and 

may increase the depth, i.e., efficiency, of energy capture. For example, the promotion and 

continued development of the internal combustion engine, over other possible motive power 

sources like the electric motor, in the early automobile industry can be seen as innovative 

(Hadjilambrinos, 2021). 

Stagnation relates to processes of sectoral power concentration which block innovation, green-

field development, and change. This process is related to internal breadth and external depth 

strategies, i.e., mergers and acquisitions, and stagflation, respectively. Dominant capital finds 

these paths to be more differentially rewarding, yet they reinforce path-dependency and inhibit 
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3.6 Hypotheses 

The research hypotheses are based on the literature review and the framework presented in the 

previous section. They can be divided into two groups: the first regards trends in historical 

business-industry-energy dynamics and associated socio-technical change processes; the 

second regards the analysis of contemporary renewable-energy-based decarbonisation 

transitions. 

Group 1  

Hypothesis 1 

A combined expansion in the breadth and depth of energy capture is coupled with both internal 

depth and external breadth pathways and related to transformative socio-technical processes. 

The first hypothesis stems directly from the conceptual framework developed for this study. It 

describes the expected energy capture and business strategy dynamics which accompany 

transformative socio-technical change.  

Hypothesis 2 

External depth and internal breadth strategies are related to periods of increased path-

dependency. 

The second hypothesis stems directly from the conceptual framework developed for this study. 

It describes the expected business strategies which accompany periods of entrenchment and 

socio-technical reproduction. 
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Group 2   

Hypothesis 3 

Decentralisation and renewable-energy-based decarbonization of electricity generation 

adversely affects the profits (lower profits), risk perceptions (higher risk), and capitalization 

(lower market capitalization) of dominant generation firms. 

The third hypothesis relates to the expected initial effects of significant renewable and 

decentralized penetration on dominant generation firms. In addition to divestment and 

unbundling, the penetration of decentralised generation induces a decrease in output share for 

conventional generation firms, the increasing competitiveness of decentralised prices which 

drives spot market prices down, and greater uncertainty regarding expected return on equity 

and future streams of income. 

Hypothesis 4  

Adverse effects of decentralisation on conventional generation firms are compensated for 

through regulatory mechanisms, and the centralization of ownership over the diminishing 

conventional capacity which enables dominant producers to increase differential prices and 

profits. 

Hypothesis 4 relates to the paths dominant firms may adopt to regain sectoral control. It 

suggests that dominant firms will rely on the dependence of systems with high renewable 

penetration rates and insufficient storage on conventional reserve capacity to achieve 

differential gains.  
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great consternation amongst British industrialists, and prompting much debate on the matter, 

there is little or no empirical evidence of a significant decline in British production, save for in 

the agricultural sector (Capie & Wood, 2013; Musson, 1959).  

3.7.1.3 The rise of large firms and corporations in British industry 

Another phenomenon which accompanied the energy transition to fossil fuels was the 

appearance of large industrial business formations, and, starting in the mid-19th century, the 

corporatization of British manufacturing. Following the diffusion of steam power, large firms 

first proliferated in the cotton industry which, during the turn of the 19th century, rapidly 

evolved from a sector characterised by small-scale family-based production units to a sector 

characterised by large-scale capital-intensive enterprises, each controlling hundreds of workers 

(Hannah, 1983). 

While the size of firms, based on the scale of employment, may have been conceived of 

differentially by the rising industrial capitalists, Hannah (1983) and Payne (1967) argue that 

increasing firm size did not lead to significant concentration of production in the first half of 

the 19th century, seeing as market expansion and population growth were equally rapid. 

Bennet, et al. (2020) argue that, omitting the smallest size categories of under five employees, 

firm size distribution in Britain remained fairly constant between the late 19th century and 

today (Hannah & Bennett, 2021) (see Table 2). 
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government and electric utilities on the future of nuclear power in Germany. This agreement 

formed the basis of the 2002 amendment to the Nuclear Energy Act (Atomgesetz AtG) which 

delineates the nuclear phase-out.  

Dominant conventional utilities continued to contest phase-out policies and lobby against them. 

In 2009 their efforts bore fruit and the CDU-led61 government halted the phase-out, extending 

the lifetime of nuclear power plants, despite strong public disapproval. Yet following the 

Fukushima disaster in 2011, the very same government overturned this decision, and the full 

decommission of nuclear capacity in Germany was completed in 2022. The coal exit, under the 

coal phase-out act (KVBG, 2021), administers gradually the full decommission of coal capacity 

by 2038. This enforced decommission of (still profitable) nuclear and coal installations have 

significantly influenced the development of techno-physical change (Rogge & Johnstone, 

2017).   

Dominant conventional utilities had also failed in their attempt to push for the construction of 

a capacity market in the 2016 German electricity market reform. This reform was instigated in 

response to increasing variable energy resource penetration and security of supply concerns. 

Instead of a capacity market mechanism, which would have secured broad and significant 

capacity payments for conventional generators, policy makers opted for strengthening the 

energy-only market and constructing a limited strategic reserve, with fixed capacity payments 

(Gawel et al., 2022). 62 

 
61 CDU is the acronym of the Christian Democratic Union of Germany, a German conservative political party.  
62 This means that rather than establishing a separate capacity market, where conventional electricity generation 
firms could receive payment for conventional installed capacity as such, the German government decided to keep 
functioning with a wholesale electricity market only. In addition, it constructed a limited capacity reserve, 
enabling authorities to instruct generation firms to keep flexible capacities available as part of this capacity reserve 
under fixed and regulated prices. 
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the move strongly benefited large firms at the expense of smaller actors, cooperatives, and 

prosumers (Leiren & Reimer, 2018).  

To conclude, the Energiewende is a relatively developed case of transition in the electricity 

sector, which includes significant RES penetration, conventional capacity decommissioning, 

generation decentralisation, destabilisation of established business models, citizen-led energy 

democracy struggles, and contested policy measures connected to an entrenched neoliberal 

mindset. As such, I find it highly suitable for the study of organised power in energy transition. 

3.7.2.2 Variable energy resource penetration - understanding industry-side changes in the 

Energiewende 

The Energiewende brought major industrial, spatio-physical changes to the electricity system. 

These include Variable Energy Resources (VER) and decentralised energy resources 

penetration, nuclear and fossil-fuel decommissioning, and their techno-social effects. 

VER are typically also Renewable technologies. Power generation from VER is dependent on 

environmental conditions and their output varies over time (Ambec & Crampes, 2019). 

Decentralised energy resources are less consistently defined. They include a diverse array of 

resources which can generally be characterised as being located in proximity to customers (on-

site) and providing both electric power services and grid stabilisation services such as demand 

reduction, supply additions and ancillary services (Kahrl et al., 2021).64 

 
64 Ancillary services are active and reactive power, frequency, and voltage control services which help in 
maintaining grid stability. 
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Table 3: Conventional Total Net Electricity Generation by the five largest German 
electricity producers 2020-21  

Germany 2020 Germany 2021 

Companies TWh Share Companies TWh Share 

Dominant 5 175.0 65.3% Dominant 5 198.0 67.0% 

Rest 92.8 34.7% Rest 97.5 33.0% 

Total 267.8 100% Total 295.5 100% 

Source: BnetzA, 2022: 50. 

Table 4: Conventional Installed capacity of the five largest German electricity producers 
2020-2021 

Germany 2020 Germany 2021 

Companies GW Share Companies GW Share 

Dominant 5 52.6 56.7% Dominant 5 46.0 53.0% 

Rest 40.4 43.3% Rest 40.9 47.0% 

Total 92.6 100% Total 86.9 100% 

Source: BnetzA, 2022: 52. 

Thus, it can be said that conventional electricity generation in Germany is still dominated by 

five big firms. 

3.8 Research population  

The study explores relations of capitalist power, energy regimes, and transitional dynamics. 

Hence, to trace social power accumulation processes, I concentrate on the differential analysis 

of the performance of a certain business-governance group in relation to a wider group or 

benchmark in both case studies. In addition, to understand transitional processes and delineate 
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intensive industries, such as construction (including infrastructure and urbanization), 

transportation (including railways, shipping, automobiles), and machinery (Smil, 2017).  

Table 5 presents the industries included in the energy-core category in this study, based on the 

sectoral categorization of the London Stock Exchange (LSE) offered by Michie (1999:88), and 

according to their year of appearance in the LSE, and based on the categorization of the 1907 

British Census of Production (Census of Production, 1907) and the UK Standard Industrial 

Classification (Central Statistical Office, 1968). 

Table 5: Energy-core industries categorization by period and measure class 

Measure Class Period Industries 

National accounts 
based 

1871-1913 Ferrous metals manufacturing 
Engineering Commodities (including 
electrical engineering and services) 

Mining and Quarrying 

1920-1938 As above 
Chemicals and allied trades 

Shipbuilding 
Vehicles 

Treatment of non-metalliferous mining 
products (e.g., cement) 

Gas 
Electricity 

London Stock 
Exchange based 

1873-1913 Iron, coal, and steel 
Gas 

Mines 
Shipping 

1913 As above, 
Oil 

Nitrates 
Electricity 

 

In terms of transitional processes, I concentrate of the industrial diffusion of steam power, and 

on pig-iron production related measures. Pig-iron was selected to represent the development of 
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3.9 Data sources 

The study integrates the differential analysis of physical data, used to study industrial and 

techno-physical change, with financial and accounting records data, used to study business 

processes.  

3.9.1 British case study data sources 

The pecuniary data for the British case study analysis was taken from several different sources. 

These include primary sources such as historical British population and production censuses, 

and secondary sources such as the economic history literature which attempts to compile 

British historical national accounts series.73  

The physical energy capture and industrial data was taken from secondary sources such as 

academic literature on the industrial revolution in the UK and its aftermath from the fields of 

economic history, history of industry and technology, biophysical economics, energy transition 

studies, and science and technology studies.   

Table 7 summarizes the measures and their respective data sources for the UK 1700-2023 by 

period.74  

  

 
73 When existing estimated measures were insufficient, such as in the case of the engineering commodities series, 
I used existing data to calculate these measures in different ways, as presented in Appendix 4.4.  
74 Note that while Table 7 presents a full list of data sources, it is not a full list of measures, but rather the basic 
measures and data sets from which further measures were constructed. To illustrate, while total coal use in ferrous 
metals manufacturing, and total pig iron production appear in Table 7, the measure total coal use per ton of 
manufactured pig iron does not, seeing as it does not include additional data sources which do not already appear 
in the table. The same applies to measures such as business income, which is calculated by deducting labour 
income from gross value added.   
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Table 8: Data Classes, Categories and Corresponding Sources 

Data Class  Data Category Data Source 

Accounting 
Records 

Revenues from Power 
Generation  

by company size 

Fuel Price for Electricity 
Generation 

Export Revenue 

Import Costs 

Total EEG Remuneration 

Total EEG Market Value  

DeStatis1 

AGEB2 

BnetzA3 

Financial Data Market  
Capitalization 

Total Return Indices 

COMPUSTAT Global4 

Eikon Refinitiv Datastream 

Physical Data  Total net generation 

Total net nominal 
generation capacity 

Annual Peak Hourly Load  

Conventional Peak Load 

Fuel Use in Electricity 
Generation 

Electricity consumption 
 

BnetzA 

BMWK 5 

AGEB 

Statista6 

Fraunhofer ISE7 

 

1 Deutsche Statistische Bundesamt. 2 AG Energiebilanzen e.V. 3 Bundesnetzargentur.  
4 COMPUSTAT was accessed through Wharton Research Data Services. 5 Bundesministerium für 
Wirtschaft und Klimaschutz. 6 Statista was accessed through Tel Aviv University Libraries.  
7 Data was retrieved from the Fraunhofer ISE site: https://www.energy-charts.info/?l=de&c=DE 

For further details about data sources by category and variable see Appendix 3. 
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3.10.1.2.1 MaStR database analysis of renewable energy penetration trends 

The German Energiewende case study included a second quantitative endeavour, in which I 

used Marktstammdatenregister (MaStR) data to study penetration rates and trends in spatial 

and ownership centralization in RES. There are over 4 million electricity generation facilities 

registered on MaStR, with a commission year span ranging from 1900-2021 (updating). I 

downloaded all the entries and uploaded them to SNOWFLAKE database. Using SQL queries, 

I aggregated the data annually, grouped by the categories shown in Table 11. For further details 

on the categorization queries, see Appendix 6. 
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Table 11: Aggregation Categories and Values for MaStR database 

Category Values 

Commission Date 1900-2021 

Operator Type Person 
Firm 

Cooperative 
e.K 
e.V 
GbR 
OHG 
Public 
Other 

Capacity Class Small < 100 kW 
Large > 100 kW 
Utility > 1 MW 

Legacy > 500 MW 

Energy Class Alternative 
Conventional 

Energy Source Class Renewable 
Fossil 
Other 

Is Dominant Operator 0 
1 

Net Capacity In kW 

  

After aggregating the data, I exported the aggregated data as a CSV file and imported it into R, 

in which all further analysis was performed. 

A cumulative installed capacity sum was then computed for each year by category. This was 

done by summing all commissioned installed capacity up to a given year and then subtracting 

the sum of decommissioned capacity.  
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3. Coding: identifying emergent concepts, interpretations, and ideas. Identifying relations between 

the text and existing categories, predefined by the results of the quantitative analysis. Recording of 

content and theory memos to track the process of interpretation and conceptualisation.  

4. Interpretation assessment: reassessing interpretation against documents, notes and theory.  

5. Discussion and validity: discussion of results and their validity according to measures of 

credibility, dependability, and transferability (Graneheim et al., 2017; White & Marsh, 2006:37-

40). 

Figure 3: Conventional content analysis outline 

 

Achieving credibility involves the selection of experts and key actors in social processes as 

informants, as well as achieving a sufficient number of informants in order to reach saturation, 

the point at which ideas, concepts and insights begin to repeat themselves (Saunders, et al. 

2018).  

  

Data collection  

Floating Reading 

Coding 

Discussion and Validity 

Interpretation 
assessment 
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analysis. It also presents a short explanation of how they were identified, in accordance with 

the principle of dependability. 

Table 13: Initial content analysis codes and categories 

Category Differentiation 
Risk and risk perceptions Deliberate reference to uncertainty, concern, 

and risk in the wide sense of social, techno-

physical, political, and economic 

considerations  

Centralization References to centralization as an evolving 

phenomenon, strategy, threat, inevitability 

Power References to ability and disability to act, 

plan, shape, control, and anticipate 

unfolding and future developments  

Regulation Perceptions of regulation, risk and 

regulation, anticipated policies, perceptions 

of the effects of regulation, and future 

requirements, strategies in the face of 

regulation  

Strategy Deliberate and covert references to business 

strategy, and the tracing of strategic 

sabotage 

Self-perception and positioning References to the changing self-perceptions 

of the organizations and their redefinition 

vis a vis changing conditions 

Sales and pricing Deliberate and covert references to sales and 

pricing strategies and mechanisms 

  

Investment Deliberate and covert references to 

investment strategies, risk perceptions, goals 

and ability  
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Table 13: Initial content analysis codes and categories - continued 

Control Deliberate and covert reference to the ability 

to exert control over a wide range of 

processes, resources, technologies, decision 

makers, and the public 

Change Perceptions of social, technological, 

systemic, and sectoral changes, and of 

climate change 

Threat Perceptions of overt and covert threats to the 

German electricity system and to the 

Energiewende process 

Confidence References to the degree of confidence in 

strategies, control, perceptions, projections, 

influence, persistence, ability to face 

uncertainty, predictability of political and 

social developments 

Technology Perceptions of technology and industry, and 

specific references to different technologies 

Regarding transferability, I contend that the findings of the analysis, and the processes 

uncovered, can be applied and used to study not only the decarbonisation processes of 

electricity systems other than the Energiewende, but also, with appropriate adjustments, a range 

of other socio-technical transition processes.  
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Table 14: Average annual change in maximum steam engine conversion efficiency 
(geometric mean), Britain, 1830-1893 

Year Average annual rate of change 

1830-1844 1.9% 

1844-1853 2.6% 

1853-1870 1.9% 

1870-1883 0.6% 

1883-1893 0.2% 
Source: see Figure 5. 

Table 15: Average annual change in UK coal output per capita (geometric mean), 1700-
1920  

Year Average annual rate of change 

1700-1800 1.1% 

1800-1863 2.5% 

1863-1873 1.5% 

1873-1883 0.8% 

1883-1893 0.7% 

1893-1903 1.1% 

1903-1913 0.4% 

1913-1920 -3.5% 
Source: Coal output: see Figure 4. Population of GB: Bank of England A millennium of macroeconomic data for 

the UK The Bank of England's collection of historical macroeconomic and financial statistics: Table A18. 

Population in the UK and Ireland, 000s, 1086-2016. 
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Figure 6 and Table 16 show a similar trend: an increase in average annual growth rates in the 

diffusion of steam power in British industry from 5.1% between 1760-1830 to 6.5% between 

1830 - 1870; and then reduced average annual growth rates between 1870-1907 (4.3%), falling 

below the average annual growth rate displayed between 1760-1830. 

Figure 6: Installed steam engine capacity, Britain, 1760 - 1907 

 

Note: Figure is plotted with a logarithmic scale on the y axis, to emphasize rates of change. 

Source: Kanefsky, 1979: 338 Table 7.10 
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Figure 7 presents total UK pig iron production and its related annual geometric rates of change. 

It shows a slowing of the rate of growth of pig iron production throughout the second half of 

the 19th century. Notably, during the period of 1887-1903, the compound annual growth rate 

dropped by a factor of 2.25 in relation to that of 1869-1887 (which itself halved in relation to 

the compound annual growth rate of 1855-1869).  

Figure 7: UK Pig Iron Production, 1800-1913 

 

Note: Figure is plotted with a logarithmic scale on the y axis, to emphasize rates of change 

Source: UK pig iron production: Kennedy, 2020: Appendix 5, supporting data for Figure 4. 

 

Looking at trends in UK steel production plotted in  Figure 8, we see a similar slowing of output 

growth throughout the late 19th century, and between 1890-1900 in particular, when annual 

average geometric rates of change dropped to 3.2% from 10.7% the preceding decade.  
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Figure 8: UK steel production, 1873-1917 

 

Note: Figure is plotted with a logarithmic scale on the y axis, to emphasize rates of change. 

Source: Brikett, 1922: 151, Table 3. 

 

As in the course of change presented in the figures above, the logistic curve has been used to 

illustrate the diffusion of technological innovations and new energy sources. This course 

includes an initial phase of rapid innovation and growth, followed by a second phase of fast 

diffusion and sectoral growth, which is continued until full industrial deployment, and finally 

reaches maturation and the asymptotes of expansion (Perez, 2002).85 The following analysis 

explores the relations between these sociotechnical dynamics, the accumulation of social 

power, and the consolidation of the capitalist mode of power, focusing on the second half of 

the 19th and turn of the 20th centuries, when the techno-physical course of change entered the 

 
85 To illustrate, these dynamics are apparent in the rise of the steel industry and process of electrification (see 
Ayres, 1989: 26, 35 - Figures 8 and 11). 
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third phase of maturation and retardation of growth rates. I will argue that this phase of the 

transformative socio-technical process was ripe for the leverage of differential accumulation 

strategies. Building on significant changes in the breadth and depth of energy capture, the 

differential performance of energy-core industries gave rise to dominant capital and a new 

regime of power accumulation. As I will present in detail in the following sections, the crux of 

this process was a new price-making mechanism which developed within the ferrous metals 

manufacturing businesses. I will argue that this precursor of the 20th century price-making 

practices enabled ferrous metals manufacturing businesses to shape and control differential 

output prices in the general context of fluctuating prices accompanied by steadily rising wage 

rates.   

4.2 Second half of the 19th century: Centralization, corporatization, and 

the larger use of credit 

The techno-physical changes described in the previous section went hand in hand with a 

gradual reorganisation of the industrial structure and the business form. Up until the second 

half of the 19th century British industry was characterised by small scale manufacturing. 

Though some large employers did emerge early, particularly in the textile industry, the 

overwhelming majority of British manufacturing businesses consisted of small scale, family-

based workshops employing up to five workers, apprenticeships, and small own account 

manufacturers (Hannah, 1983).  

The second half of the 19th century brought with it a rapid growth in small, medium and large-

scale businesses alike, which Bennett et al. (2020a) attribute to increasing demand resulting 

from rapid population growth. Thus, while small firms continued to dominate the market, the 

share and significance of large employers consistently grew (see Section 3.7.1.3). 
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Figure 9: Ratio of Total bond par value to total loans and advances, Britain, 1880-1920 

Source: Corporate bond par value from Coyle & Turner, 2013: Appendix, Table 1b. Loans and advances of UK 

banks: Sheppard, 1971: Tables A1.1-A1.6.  UK Bank Balance Sheets 1880-1966.        

              

To conclude, during the turn of the 20th century the British industrial sector underwent a 

general process of corporatization, and a shift towards the larger use of credit. However, this 

process was also differential, entailing centralization, the rise of big business, and the 

consolidation of dominant capital, and, I argue, was tied up with the energy transition to fossil-

fuels. As I will show in the following section, tracing the relations between the changing 

conditions of energy capture and evolving differential accumulation regimes during the 

transition to steam in the UK, leads to studying the differential performance of the energy-core 

industries.              





141 
 

and engineering commodities manufacturing.90 During the 19th century ferrous metals 

manufacturing was revolutionized by the introduction of coal, and later coke as fuels, and by 

developments in furnace techniques, which enabled a shift to high-volume, inexpensive iron 

and steel production (Brikett, 1922; Smil, 2005). The ferrous metals manufacturing industry 

not only required great amounts of energy in mining, smelting, and forging, it also supported 

the flourishing of numerous other energy-intensive industries, such as construction (including 

infrastructure, urbanization, and energy-intensive building materials such as cement), 

transportation (including railways, shipping, automobiles, and later aviation), and engineering 

commodities (including engines, machinery, electrical appliances etc.) (Smil, 2017).  

Table 17 presents differential developments in industrial power deployment. As can be seen in 

this table, the energy-core industries, and the textiles, leather and clothing industries have the 

highest absolute quantities and shares of installed power capacity. Yet, between these energy 

intensive industries, the differential geometric annual growth rate of installed capacity in the 

energy-core industries is the highest (4.3%, in comparison to 2.8% in textiles. leather and 

clothing). Installed capacity in metal manufacturing rose by a factor of 5.6, from 450 thousand 

hp in 1870 to over 2.5 million hp in 1907. By the latter year, it surpassed both mining and 

quarrying and textiles, leather, and clothing in its share of mining and manufacturing installed 

capacity which reached 31.3%. The share of installed capacity in textiles, leather, and clothing, 

which in 1870 was the highest share (36.8%), was reduced to 26.7% in 1907. 

  

 
90 Ferrous metals manufacturing involves the initial manufacturing of pig iron from iron ore, and its later use in 
the manufacturing of iron alloys such as steel and wrought iron. In the term engineering commodities, I refer to 
the production of engines, machinery, tools, and equipment, and engineering services, as defined by the 1911 UK 
Census of Production.  
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Figure 13: Business income by industry, UK, major industries, 1881-1913 

Note: Total manufacturing business income is plotted against the left Y axis, energy-core and textiles business 

income are plotted against the right Y axis.  

Source: GVA by industry: see Figure 10. Average annual earnings per worker and number of workers by sector 

and industry: calculated from Feinstein, 1990: 604, 608-611 Table 3: Manufacturing: number of wage-earners, 

United Kingdom, 1881 and 1911 and average annual full-employment earnings, 1911, Table 4: Indices of average 

full -time money earnings by sector, 1880-1913 (1911 = 100), and Table 5: Indices of average full-time earnings, 

manufacturing, 1880-1913 (1911 = 100). Engineering commodities: see Figure 10. 
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Figure 15: Differential business income - Industry-specific business income to total 
mining and manufacturing business income ratio,  Britain, 1881-1913 

Source: see Figure 13. 
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Figure 23, the other two energy-core sectors (mining and quarrying and engineering 

commodities) did not engage this pathway but rather built upon differential external breadth 

(as suggested in Figure 19). 

Figure 23: Output per employee by industry, Britain, 1871-1913 (1871 = 100)  

 

Sources: Output: see Figure 21. Workforce: see Figure 13. 

4.3.3.2 Energy-based measures 

Next, to study energy-core industries within the context of energy transition processes, I 

performed an analysis which defines energy units as the basic unit of operation for the 

differential profit formula. When we use energy units as the basic unit of operation, the 

differential pathways of energy-core businesses are defined in relation to their control of 

energy, and earnings per energy units (see 3.10.1.1).  
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Figure 29: Differential business income and differential price ratios, Britain, 1881-1913 

Note: Differential business income is plotted against the right Y axes, differential prices are plotted against the 

left Y axes. Source: Differential business income: see Figure 15 and Figure 17. Price indices for pig iron and coal: 

Great Britain Board of Trade (department of labour statistics), 1915: 89, Index Numbers for Wholesale Prices: 

coal and metals. Average annual iron and steel wages: see Figure 13. 

 

To conclude, during the 19th century in Britain, a coupled growth in the breadth and depth of 

energy capture took place, following an s-shaped logarithmic pattern. The late 19th century 

was a period of retardation in the transition to fossil fuels (Section 4.1, Figure 4 - Figure 8, 

Table 14 - Table 16). The transformation in the energy regime went hand in hand with a gradual 

reorganisation of the industrial structure and the business form, i.e., a general increase in 

business centralization, corporatization and the larger use of credit (Section 4.2, Figure 9). 

However, this was not only a process of general change and reorganization of business and 

industry.  
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5. Conventional recovery pathways: leveraging the 

threat to reliable electricity supply 

In this chapter, I present and discuss the results of the German Energiewende case study 

analysis which uses the conceptual tools developed and presented in Section 3.10.1.2 and 

Appendix 5. The chapter is divided into four complementary parts: 1. Tracing conventional 

recovery presents financial data analysis; 2. Uncovering differential depth consists of 

accounting records and physical data analysis; 3. Conventional ownership concentration 

analysis is based on accounting records data analysis; and 4. Revealing the sabotage mechanism 

combines accounting records and physical data analysis. 

The German Energiewende case study analysis examines the second group of hypotheses 

(Hypotheses 3-5) and explores the connection between internal-depth-based differential 

accumulation and increased path-dependency, as suggested in Hypothesis 2.  

5.1 Tracing conventional recovery 

The following results first drew my attention to a change in the differential financial 

performance of German conventional electricity firms beginning in 2017. The analysis is based 

on two Refinitiv Eikon Datastream indices: Germany Conventional Electricity and Germany 

Alternative Electricity. For further details on the indices, see Appendix 1. 

Figure 32 shows the market capitalization120 of the two indices plotted against each other. As 

is evident from this figure, following the expected stagnation in conventional electricity market 

capitalization between the global financial crash of 2008 and 2016, the conventional market 

 
120 Market capitalization, also known as market cap, in a measure of the total value of a publicly traded company's 
outstanding shares owned by stockholders. It is calculated by multiplying the number of outstanding shares by the 
price per share. 
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Finally, Figure 34 shows that the same trends hold for net profit. 

These results support Hypothesis 3, according to which early Energiewende trends of 

decentralization and RES-based decarbonization trends initially hampered the dominant 

position of the major German CEG firms. Yet, as suggested by Hypothesis 4, a compensation 

for this initial destabilization seems to take place in 2016, as relative capitalization and income 

trends begin to change. 

Figure 34: Electricity Indices - Net Income (3-year rolling average), 2005-2022 

Note: Germany conventional electricity index is plotted against the right axis, Germany alternative electricity 

index is plotted against the left axis. Values are expressed as 3-year rolling averages.  

Sources: Datastream International (25.8.2023); Available: Rifinitiv Workspace; Germany conventional electricity 

net profit: GERMANY.DS.Conv.Electricity...NET.PROFIT.INCOME.; Germany alternative electricity net 

profit: GERMANY.DS.Alt..Electricity...NET.PROFIT.INCOME. 
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Note that in Figure 34, the rise in conventional net income appears to begin in 2016. This is 

due to the 3-year rolling average, used to smooth out the data, in which every datapoint 

expresses the average of the current year, the preceding year and the following year. Alternative 

net income does not show a secular growth trend after 2016. 

The apparent differential recovery of conventional electricity firms, and the growth in their 

differential income sent me looking deeper for its causes. 

5.2 Uncovering Differential Depth 

This section concerns the results of accounting records and physical data analysis. It is an 

analysis of differential accumulation, deriving Equation 24 - Equation 27, described in Section 

3.10.1.2 and Appendix 5. The section examines the suggestion made in Hypothesis 4, 

according to which, among other measures, dominant CEG firms regain differential 

accumulation through inflating differential prices, an external depth strategy (see Section 

2.2.3).  

Figure 35 and Figure 36 show the development of total revenue from annual generation (i.e. 

total revenue from the sale of electricity generated within the timespan of a year), total market 

revenue from annual conventional generation, and the share of market revenue from annual 

conventional generation in the revenue from total annual generation (%).  

As Figure 35 and Figure 36 show, following a decade of decline, conventional market revenues 

began to rise in 2018, concurrently with a steeper rise in total market revenue from annual 

generation. The same trend is displayed in the share of conventional market revenue, which 

rose from 31% to 42%, beginning in 2020. 
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Figure 36: Share of revenue from conventional electricity generation in the revenue 
from total electricity generation, Germany,  2011-2021 

Sources: see Figure 35. 

As seen in Figure 37 and Figure 38, during these years, CEG was consistently losing market 

share, as it kept decreasing in absolute and relative terms in favour of increased RES 

production. 
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second examines total electricity sales in relation to annual CEG revenue. Specifically, I look 

at the ratio of conventional installed capacity to peak load, and the ratio of total electricity sales 

to revenue from annual CEG (Equation 28 and Equation 29, introduced in Section 3.10.1.2 and 

Appendix 5). This approach, I claim, sheds light on the power mechanism behind the recovery 

of dominant CEG firms. Note that conventional generation market revenue includes only 

revenue from the sale of electricity generated during a respective year, while total electricity 

sales include forward contracts. The analysis evaluates Hypothesis 5, and the suggestion that 

when faced with decreasing output shares and increasing uncertainty dominant firms may try 

to leverage the techno-physical challenges of decarbonization and the resulting systemic 

dependence on conventional capacity to secure differential accumulation.  

Figure 42 and Figure 43 show the decrease in Conventional Installed Capacity, and its share of 

the Total Net Installed Nominal Generation Capacity. In 2017, for the first time, the share of 

conventional installed capacity in the total net installed capacity fell below 50%. 
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Figure 42: Conventional and alternative installed capacity, Germany, 2004-2021 

 
Sources: Total net installed generation capacity and EEG eligible installed generation capacity were compiled 

from BnetzA Monitoring Reports 2013-2023. 
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Figure 43: Share of conventional and alternative installed capacity in total net installed 
capacity, Germany, 2004-2021 

Sources: see Figure 42. 

The following figures relate to decreasing conventional installed capacity in the context of 

securing a reliable electricity supply. 

The measure of annual peak hourly load is central to understanding grid reliability, as it sets 

the maximum energy demand a grid must support by all available generators. 

As shown in Figure 44, annual peak hourly load in Germany has remained relatively stable at 

about 83 GW in recent years.  
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Figure 46 and Figure 47 show the development of Total Electricity Sales, revenue from annual 

electricity generation and their ratio. 

As shown in Figure 46 and Figure 47, the relative magnitudes of conventional total electricity 

sales and CEG market revenue change dramatically over time. While CEG market revenue 

displayed a 63% rise between 2017-21, conventional total electricity sales soared by 130%. In 

2021, conventional total electricity sales were 5.5 times higher than CEG market revenue. As 

shown in Figure 48, the ratio movements parallel those of the changing Conventional Installed 

Capacity / Peak Annual Hourly Load ratio: as the latter fell, the revenue ratio rose to a higher 

level. 
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Figure 46: Total Electricity Sales and Annual Electricity Generation Revenue, Germany, 
2011-2021 

 

Note: Annual Conventional Electricity Generation is plotted against the left y axis. Total Conventional Electricity 

Sales is plotted against the right y axis. Total electricity sales refer to all revenue from non-EEG electricity-

generation-related business activity, including forwards and futures which are recorded in the income statement. 

It is calculated by subtracting total EEG remuneration from Total Electricity Sales. See conventional tariff 

measure, Section 3.10.1.2 and Appendix 5, and note to Figure 39 for explanation of CEG market revenue 

estimation. Sources: Total sales from electricity generation (Elektrizitätserzeugung) 2006-2021: see Figure 41; 

Total EEG remuneration and its breakdown: see Figure 39; Non-household and household electricity 

consumption: see Figure 35; for an explanation on how the average non-household energy procurement and supply 

component was estimated see Appendix 5.5.  
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Figure 47: Total Electricity Sales and Annual Electricity Generation Revenue Ratio, 
Germany, 2011-2021 

Sources: see Figure 46. 
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Figure 48: Comparison of Conventional Installed Capacity / Peak Annual Hourly Load 
ratio and Total Electricity Sales / Conventional Generation Revenue ratio trends, 
Germany, 2011-2021 

Note: Conventional Installed Capacity / Annual Peak Hourly Load ratio is plotted against the left y axis, Total 

Electricity Sales / Conventional Generation Revenue ratio is plotted against the right y axis. Sources: Conventional 

Installed Capacity / Annual Peak Hourly Load: see Figure 45; Total Electricity Sales / Conventional Generation 

Revenue: see Figure 46. 

Appendix 10 demonstrates the similarities between the Total Electricity Sales / Conventional 

Electricity Generation revenue ratio trends and average EEX Year Future128 price development 

trends. 

 
128 The European Energy Exchange (EEX) is a central European electric power exchange located in Leipzig, 
Germany.  
 





210 
 

that CEG firms leveraged the reduced capacity buffer to increase prices and extract profits. 

This claim is supported by the findings presented in Figure 46 and Figure 48, which indicate 

that a growing share of CEG revenue can be attributed to the sale of forward contracts. 

Anticipating a growing uncertainty of supply, customers are pushed to hedge against future 

price hikes, enabling CEG firms to appropriate higher revenues. The main beneficiaries are big 

CEG firms, who succeeded in concentrating CEG sales into their hands (Figure 41). 
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6. Securing reliable supply: How conventional 

electricity generation firms strive to lower risks, 

secure future earnings, and regain their dominant 

position       

 

This chapter presents and discusses the results of the qualitative analysis of in-depth interviews 

held with business representatives of the German electricity sector: major conventional 

electricity generation (CEG) firms, transmission system operator (TSO) firms, and the 

Bundesverband der Energie-und Wasserwirtschaft (BDEW)129 (see Section 3.10.2). The 

analysis pursues issues left open by the quantitative analysis of the German Energiewende case 

study. 

The quantitative analysis of the German case study was left off with an unsolved question: by 

what means have dominant firms appropriated rising shares of conventional revenue? And 

what mechanisms lie behind their rising differential tariff? 

I used the qualitative analysis of in-depth interviews with electricity sector business 

representatives to confirm and reinforce quantitative results and their interpretation, shed light 

where quantitative data was lacking, and also, as will be presented in Section 6.4, to direct us 

to a further quantitative analysis whose significance surfaced during the qualitative analysis.  

 
129 The BDEW is the German industrial association representing firms in the energy and waterworks sectors.  
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6.2 Capitalizing residual load - how dominant CEG firms secure and 

shape future earnings from dispatchable generation 

The previous sections supported the claim, developed on the basis of the quantitative analysis, 

that apart from offshore wind, for which the entrance barrier is extremely high, RES generation, 

or rather the control thereof, does not present a valid source of differential capitalization, for 

large and dominant CEG firms. Conversely, and as was suggested by the quantitative analysis, 

conventional energy sources, appear to be positioned within the system in such a way that they 

are excludable in a double sense. In the first place they can be concentrated in the hands of a 

small and limited set of CEG firms, and secondly, producers can readily restrict supply of CEG, 

and more importantly, covertly threaten to do so. In other words, in the context of the German 

Energiewende, CEG is ripe for strategic sabotage. 

In this section I attempt to convey the business of CEG within the Energiewende and delineate 

the ways in which CEG firms act to shape and secure their future revenue stream.   

The following, complementary, content analysis sheds light on the specific practices employed 

by dominant CEG firms as part of their strategic sabotage efforts which could not be traced 

using the quantitative data available to me. In addition, it is used to evaluate the second group 

of hypotheses (Hypotheses 3-6) which relate to the German case study and the relation between 

strategic sabotage in the context of RES penetration and the stagnation of transitionary 

processes described in Hypothesis 2.147  

 
147External depth and internal breadth strategies are related to periods of increased path-dependency.  







https://en.wikipedia.org/wiki/Christian_Democratic_Union_of_Germany
https://en.wikipedia.org/wiki/Christian_Democratic_Union_of_Germany
https://en.wikipedia.org/wiki/Christian_Democratic_Union_of_Germany
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6.2.1.2 Strategic sabotage - not too little 

The following sub-sections will trace the ways in which dominant CEG firms concentrate the 

control of dispatchable capacity in their hands and use it to their benefit. The first section relates 

to the claim presented in Section 5.4, that dominant CEG firms use bilateral agreements and 

over the counter trading (OCT) to engage in differential pricing of dispatchable capacity.  

The second section relates to the concentration and control of new and planned gas-fired and 

H2-ready capacities. The third deals with the control of coal-fired power plants. Taken together, 

these sections support and flesh-out the quantitative analysis, in which data limitations 

prevented me to delve into the details of these processes, allowing only for tracing them in 

broad strokes. 

6.3 Over the Counter Trading  

Quantitative data with which to confirm the claim that dominant CEG firms engage in Over-

the-Counter Trading (OTC)156 in order to secure differential pricing was lacking. While the 

results strongly suggested this (see Section 5.4) it is but one of the issues left undetermined by 

the quantitative analysis as of the completion of this dissertation. The following quotes taken 

from interviews held with CEG firm representatives supports the claims that dominant CEG 

firms engage predominantly in future and forwards marketing, both on the European Energy 

Exchange (EEX) futures market, and bilateral future contracts. In addition, it is confirmed that 

a significant part of bilateral future contracts are negotiated with large industrial firms.157 

 
156 The term Over the Counter Trading refers to transactions performed directly between two parties, without the 
supervision of an organized trading venue. 
157 The significance of the confirmation that dominant CEG firms engage predominantly in bilateral future 
contracts with large industrial firms is that it supports the claim, made in the presentation and discussion of the 
quantitative analysis results. According to this claim decreasing conventional installed capacity and increasing 
VER penetration, may push buyers (retailers and industrial customers) to sign forward contracts, hedging against 
perceived future price rises, and enabling conventional generators to appropriate higher revenues. 
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Here, two points are important to stress: 1. While these costs are rolled on to the customer via 

the grid fee component of the electricity tariff, they are in fact load-management expenses 

which correspond to generation segment earnings; and, 2. While the total physical volume of 

redispatching and countertrading increased, the rise in the price which generators received per 

kWh by far outstripped the physical rate of growth, hence rising aggregate redispatching costs 

resulted as much from the higher revenues of generation firms, as from increased congestion 

management requirements, if not more. 

Though it could be claimed that these revenues were not translated into earnings in 2022 

because of high natural gas prices, a closer look at the energy source breakdown of 

conventional power plants deployed in redispatching in 2021 and 2022, presented in Table 22, 

shows that coal-fired power plants have the highest deployment rate. Nevertheless, this is 

physical data, and we do not know the differential pricing of gas-fired and coal-fired generation 

and how the revenue is distributed. 

Table 22: Conventional power plant deployment for redispatching by energy source,  
Germany, 2021-2022 

Year Lignite Hard coal Natural gas Nuclear 

 reduction increase reduction increase reduction Increase reduction increase 

2021 1,653 40 2,412 3,398 180 847 953 5 

2022 3,131 156 2,240 5,741 204 2,055 221 8 
Source: BnetzA, 2023: 111, Electricity: Power plant deployment for redispatching by energy source in 2022; 
BnetzA, 2022: 172, Electricity: power plant deployment in Germany in redispatching by energy source in 2021 
(GWh) 
 
Though the data is, as yet, incomplete (i.e., lacking differential pricing by primary energy 

source), Redispatching prices, set in bilateral contracts, are a peephole to the ways in which 

dominant CEG firms shape the level and extent of their revenue stream, using OTC trading. 

OTC contract details are unexposed to the public, as are the specifics of redispatch contracts. 

Nevertheless, the analysis presented in this sub-section can shed light on the mechanisms 
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way that anticipated future business practices. Moreover, the maturation of global capital and 

its techniques marked a change in business control of industry, or the channelling of industrial 

potentials through business practice and logic, which perhaps has marked energy transition 

pathways throughout the 20th century, and into the 21st.            

7.3 Conclusive discussion - a comparison 

The two case studies presented in this dissertation seem to be situated at the diametrical ends 

of a still evolving historical process. The British case study represents an era of dual 

transformative change: the energy transition to fossil fuels181 and the maturation of the 

capitalist mode of power (Nitzan & Bichler, 2009). The contemporary German case study, set 

over a century later, represents an ongoing effort to bring about a decarbonizing transition, 

from within the now well-established and global capitalist regime. This effort is carried out in 

an endeavour to mitigate the dire environmental consequences of the energy transition to fossil 

fuels from within the mode of power which arose alongside it, and its mature logic and 

technologies of control. 

The energy transition to fossil fuels is a case of transformative socio-technical processes, 

accompanied by a rise in both breadth and depth of energy capture (see analytical perspective, 

Section 3.5). A decarbonizing transition, on the other hand also harbours transformative 

potentials, but of a different nature, as they stem from the prospective decline in both breadth 

and depth of energy capture which would accompany any substantial decarbonization of the 

energy system through currently feasible technologies (see Section 2.3 and Section 3.5). 

 
181 The wide socio-technical transition to fossil-fuels was not only a matter of the introduction of new energy-
dense fossil-fuel-based primary energy sources. This transition also changed the industrial system through and 
through, thus changing social life at large, from reproduction, through work, transportation, consumption, welfare, 
governance, warfare, culture, etc. to the biosphere itself. 
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When comparing these historical moments, it is interesting to linger upon the role of differential 

pricing mechanisms in the two case studies. Differential pricing is related to external depth 

pathways as it involves the differential inflation of the prices of certain commodities in relation 

to others.182 In this study, it appears at an incipient stage of development in the business practice 

of late 19th century British energy-core firms, and in an advanced form in the business 

strategies of dominant CEG firms in Germany (see Sections 4.5 and 5.5).  

Dominant CEG firms in contemporary Germany act within well-defined and established 

capitalization practices. As a rule, they adhere to differential earnings as a central component 

of differential capitalization. They consciously act to shape and control their stream of future 

earnings through differential pricing (as demonstrated in Sections 5 and Section 6, in relation 

to the alternative tariff). As considered in Section 7.1 of the discussion, this well-established 

form of business control of industry is detrimental to efforts to bring about a decarbonizing and 

democratizing transition in the German electricity system (and, more broadly, in the 

Continental Europe Synchronous Area).183 

The orchestration of differential pricing by dominant CEG firms is accompanied by declining 

alternative energy resource penetration rates and a course of increasing spatial and ownership 

centralization (see Appendix 11). Differential pricing mechanisms uncovered in the British 

case study analysis are different from those of contemporary CEG firms in many ways, 

predominantly in that they seem to be an early attempt of firms operating in energy-intensive 

industries to secure their position within a context of general growth, increasing energy 

productivity,184 volatile output prices, and steadily rising wages. As discussed in Section 7.2, 

while it is probable that late 19th century businesses held a conception of relative size, 

 
182 Note that even in the context of general inflationary conditions, raising prices faster than others grants a 
differential advantage. 
183 The Continental Europe Synchronous Area is an electric power grid which integrates electricity grids across 
continental Europe and facilitates electricity exchange across the area through the European Energy Exchange 
(EEX). 
184 Energy productivity is calculated as output per energy resource input (Steinberger & Krausmann, 2011). 
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betting on reproduction or on change. In this sense dominant capital should not necessarily be 

viewed as materially entrenched in a specific technological setup (for example, see Foquet, 

2016), but rather as acting upon an industrial terrain in which path-dependency might prove as 

profitable as innovation, and even, in rare cases, transformation.  

In the British case study, I did try to show that the historic-specific technological, business-

industry context of industrialization and the transition to steam was instrumental to the rise of 

the capitalist mode of power, in the sense that it gave rise to a new form of business control. 

But I also found that the height of socio-technical transition, in particular one based on rapid 

developments in the breadth of energy use and conversion efficiency, did not support the rise 

of dominant capital. Moreover, it was only when growth rates of energetic breadth and depth 

subsided that the potential to control and shape prices could be realized.  

In this sense, it seems that rather than growth in energy capture, it is the ability to control the 

socio-technical process which is essential to the reproduction of the capitalist mode of power. 

As shown in the analysis of both, admittedly very different, case studies, neither rampant 

growth nor the threat of significant decline in the breadth and depth of energy capture provided 

a stable and secure basis for differential accumulation. It was only when dominant capital (or 

nascent dominant capital) acquired a mechanism through which to shape and control processes 

of socio-technical change that these could be leveraged in differential accumulation.  

For this reason, I would not rush to equate the reproduction of capitalism with the perpetuation 

of a fossil-fuel based energy regime. While dominant capital clearly benefits from the current 

energy regime, which it has, for the time being, already brought under its control, global capital 

is perhaps more agile than it seems and will be able to capitalize a decarbonizing transition 

which it can control through strategic sabotage. In the course of the action, it will engage in 

shaping the scope and pace of transition, and the socio-technical potentials it might harbour.  
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Though much has been written about the issue (Aston & Philpin, 1985; Braudel, 1992; Polanyi, 

2024; Sweezey, 1954; Meiksins Wood, 1999), 188 still more is yet to be explored and understood 

about the transition from a feudal order impregnated by capitalist technique to a global regime 

of capital as power. In addition to this long-standing preoccupation with the transition from 

feudalism to capitalism, a recent line of inquiry studies the connection between the rise of 

capitalism and the energy transition to fossil fuels and related industries (DiMuzio & Dow, 

2017; Malm, 2013; Satia, 2018).  

Though I do not offer a comprehensive answer to these questions, the British case study results 

do reveal a hitherto undiscussed aspect of the relation between the specific business-industry 

setup of the transition to fossil fuels and the shift towards the all-pervading practice of 

differential capitalization (Nitzan & Bichler, 2009). In the dissertation I show how nascent 

price-making mechanisms developed within the British energy-core industries and drove them 

to higher levels of relative profit in what is arguably one of the earliest stable processes of 

differential accumulation in Britain. While these business pathways were soon to be emulated, 

it was within the energy-core, and specifically ferrous metals manufacturing which controlled 

pivotal energy-intensive intermediate goods, that they seem first to appear.  

In addition, the results of the German Energiewende case study demonstrate how allegedly 

path-altering processes, harbouring the potentials for democratization and decentralization of 

the electricity system, get tied up with the interests of dominant capital, reshaped and restricted 

through strategic sabotage. 

 
188 For example, The Brenner debate is a discussion within Marxist historiography regarding the origins of 
capitalism (for further reading see Aston and Philpin (1985), which concentrate the major contributions to this 
debate).  
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between the alternative and conventional tariff; and 4. Using big data analysis I aggregated the 

complete Marktstammdatenregister (MaStR) power plant registry (which contains over four 

million entries) according to ownership and techno-physical categories. The aggregation 

according to these categories enables an analysis of spatial, techno-physical, and ownership 

structure trends which would be impossible to achieve if working with the raw dataset alone.   

8.5 Future research 

The strengths and weaknesses of this dissertation stem from the same tensions which propelled 

it forward. I will hereby name two of these tensions. On the one hand, in this dissertation I 

make tentative steps towards addressing broad theoretical issues which have led me to 

uncharted territories, even within well-trodden fields such as the British industrial revolution, 

rather than filling a narrow gap within a fossilized theoretical and methodological setup.189 

These broad theoretical questions include the empirical study of industry within the capitalist 

order, the definition of dialectical business-industry relations as a form of domineering 

translation, and methods for empirically studying these relations, among others.  

On the other hand, the broad scope of these questions has proven too broad to fully address 

within the framework of a PhD dissertation, and so, many ideas are only preliminarily explored 

and beg further research and development. Predominant among these ideas are the project of 

developing a systematic approach to the study of socio-technical change and capitalist power, 

and the definition of dialectic dynamics as a form of domineering translation.  

This point of tension leads to another, which arises from the stark differences between the two 

case studies chosen for this research. On the one hand the two case studies represent pivotal 

developments within the ongoing spiralling process of the rise and reproduction of the capitalist 

 
189 In the sense that narrow scope of filling-the-gap efforts, and their reliance on the perpetuation of entrenched 
methods and assumptions, usually end up reinforcing already existing theoretical and methodological constructs 
rather than opening up new pathways to understanding, and even identifying, social phenomena.   
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mode of power, and its concurrent fossil-fuel based energy regime. And so, the study focuses 

on the period of transition in which the two regimes were established, and on the period in 

which the threats associated with climate change processes induced by the fossil-fuel-based 

energy regime are attempted to be tackled from within the prevailing capitalist order. In this 

sense, it is illuminating to study them against each other.  

On the other hand, the historical differences between the two cases are so wide, the context and 

the details so distinct, that the comparison between them can only be undertaken at a very 

general level. It could also be said that the analysis of each case study could have been 

undertaken in itself, and thus developed much further, but if such a decision were made, the 

comparative features of the dissertation would be lost. The analysis of the German 

Energiewende case study in particular is instrumental to informing an understanding of the 

challenges, pitfalls, and tensions of other unfolding decarbonization processes worldwide 

(albeit obvious differences), and the struggle for energy democratization in the context of 

decarbonization processes within a regime of global capital. 

Acknowledging the interwoven strengths and weaknesses of this dissertation leads us to 

identifying possible future research pathways, a few of which I will present henceforth.  

Within the two case studies presented in this manuscript plenty of work remains to be done. 

The British case study would benefit from further empirical efforts, especially in areas where 

data was lacking. The suggestion that ferrous metals manufacturing businesses linked piece-

time-rates to output prices and thus separated from businesses in other industries at the time by 

embarking on a novel price-making path requires further research. If this is indeed the case, it 

would deepen our understanding of the transition to a system of capital as power. 

The study of the mechanisms behind the second phase of energy-core differential accumulation 

during the interwar years could be empirically pursued, as well as the longer-term patterns 

identified in Appendix 8. 
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Table 23: Socio-technical Electricity Generation categorization - continued 

 
Non-Variable 

 
Hard Coal 

Lignite 
Natural Gas 

Nuclear 
Oil 

Hydro (stored) 
Hydro (run-of-river) 

Waste 
Geothermal 

Biomass 
Other 

  

 

Table 24: Germany Datastream Conventional and Alternative Electricity Indices 

Index Firms 

Germany datastream alternative electricity 
(GERMANY.DS.Alt..Electricity) 

ENCAVIS 
PNE 

ENERGIEKONTOR 
2G Energy 

Germany datastream conventional electricity  
(GERMANY.DS.Conv..Electricity) 

EnBW Energie Baden-Wutenburg 
Lecwerke (E.ON subsidiary) 

MVV Energie 

 

  



288 
 

Appendix 2: Dominant electricity generation firms and 

their subsidiaries 

Table 25: Dominant Electricity Generation Firm Categorization 

Category Firm Subsidiary 

Dominant RWE RWE Generation SE 
RWE Power AG 
Grosskraftwerk Mannheim 
AG 
Schluchseewerk 
Aktiengesellschaft 

EnBWBundeskartellamt EnBW Kernkraft GmbH 
Stadtwerke Düsseldorf AG 
Kernkraftwerk Obrigheim 
GmbH 
Obere Donau Kraftwerke 
AG 

E.ON 
UNIPER 

Innogy SE 
E.ON Kernkraft GmbH 
Preussen Elektra GmbH 
Bayerische 
Elektrizitätswerke GmbH 
Gemeinschaftskraftwerk 
Irsching GmbH 
Gemeinschaftskraftwerk 
Kiel GmbH 
Gemeinschaftskraftwerk 
Veltheim GmbH 
GHD Bayernwerk Natur 
GmbH & Co. KG 
Müllheizkraftwerk 
Rothensee GmbH 
Peissenberger 
Kraftwerksgesellschaft mbH 
Peißenberger 
Wärmegesellschaft mbH 

   



289 
 

 

 

  

Table 25: Dominant Electricity Generation Firm Categorization - continued 

Dominant Vattenfall Europe Vattenfall Wärme Berlin AG 
Vattenfall Heizkraftwerk 
Moorburg GmbH 
Vattenfall Wasserkraft 
GmbH 
Vattenfall Europe Wärme 
AG 
Vattenfall Europe Nuclear 
Energy GmbH 
Vattenfall Hamburg Wärme 
GmbH 
Vattenfall Europe New 
Energy Ecopower GmbH 

LEAG Lausitz Energie Kraftwerke 
AG| 

Non-Dominant  All other firms in 
conventional power 
generation 
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Appendix 3: Data Source by Category 

Table 26: Data Sources for Pecuniary and Spatio-physical data by category and variable 

Category Data Data Source 

EEG Eligible Total Net Generation 
2000-2021 

BnetzA Monitoring Reports 
(2006-2022) 

Total Net Nominal 
Generation Capacity 

2000-2021 

BnetzA Monitoring Reports 
(2006-2022) 

Total EEG Remuneration 
(Market Value) (2000-

2021) 

BMWK (EEG In Zahlen) 

Total EEG Payments 
(2000-2021) 

BnetzA Monitoring Reports 
(2006-2022) 

Total EEG Market 
Revenue (2000-2021) 

BMWK (EEG In Zahlen) 

Non-EEG Eligible  Total Net Generation 
2000-2021 

BnetzA Monitoring Reports 
(2006-2022) 

Total Net Nominal 
Generation Capacity 

2000-2021 

BnetzA Monitoring Reports 
(2006-2022) 

Fuel Use in Electricity 
Generation 

AGEB 

Revenue from Generation DeStatis 

Fuel Price for Electricity 
Generators 

AGEB 

Variable Variable Energy 
Resources penetration 

BMWK (EEG In Zahlen) 

Non-Variable Non variable generation 
during peak load 

Statista, Fraunhoffer 
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4. Constructing the new engineering commodities output index 

This appendix explains the method I used to calculate an alternative engineering commodities 

output index. Feinstein (1988: 262, 294-295) based his engineering output index on a physical 

index of iron and steel output for domestic use which he adjusted in two ways for quality 

changes. First, by adding an arbitrary annual increase of 0.5%, he accounted for changes in the 

quality of manufactured iron and steel (as major inputs in engineering commodities 

manufacturing), which are assumed to lead to changes in the quality of engineering 

commodities. Secondly, he used the engineering average annual wage index and the iron and 

steel price index (both with equal weights) to account for changes in the quality of the 

engineering commodities themselves (other than quality changes which result from the better 

physical inputs). Paradoxically, the engineering price index is also based on the iron and steel 

price index and the engineering average annual wage index (with equal weights) (Feinstein, 

1988a: 262, 432). And so, when converting the engineering commodities GVA in constant 

pounds series obtained from the engineering output index to nominal prices, one would be 

using the same price and annual wage indices twice, once as a proxy for quality changes in 

engineering commodities, and then (cancelling the former effect), as a proxy for changes in the 

nominal prices of engineering commodities.  

This procedure seems to me methodologically unsound. Instead, I used the iron and steel for 

domestic output index use (from Lewis (1978: 253) where it is termed the iron and steel 

products index and already includes an annual growth of 0.5% to account for changes in ferrous 

metals quality) and an index of the number of employees in engineering commodities 

manufacturing, both with equal weights. Thus, the physical proxy for engineering commodities 

output is based on changes in the two core inputs to the manufacturing process - iron and steel 

intermediate goods, and labour. Following Feinstein (1988: 294), the number of employees 
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Appendix 6: MaStR data aggregation methods and 

analysis measures explanation  

This appendix contains a detailed explanation of the MaStR analysis measures, the data 

variables available on the MaStR registry, as well as the queries I ran on the data to create the 

six categories, namely: Commission date, Operator type, Capacity class, Energy class, Energy 

source class, and Is dominant operator. 

Table 28: MaStR database variables 

Publicly available power plant variables (originally in German) 

MaStR unit number 
Unit name 
Operational status 
Energy sources 
Gross power rating 
Net power rating 
Commissioning date 
Registration date 
Federal State 
Community key 
Number of solar modules 
Main orientation of the solar modules 
Wind farm name 
Hub height of wind turbine 
Wind turbine rotor diameter 
Wind turbine manufacturer 
Type designation 
Main fuel of unit 
Usable storage capacity in kWh 
Power generation technology 

Last update 
Date of planned commissioning 
Name of the plant operator (organisation 
only) 
Plant operator MaStR number 
Full feed or partial feed 
MaStR approval number 
Name of the connection network operator 
MaStR no. of the connection network 
operator 
Network operator check 
Voltage level 
MaStR  EEG system number 
EEG system key 
Commissioning date of  EEG system 
Installed capacity 
Surcharge number (EEG/KWK tender) 
MaStR CHP plant number 
Commissioning date of the CHP plant 
Electric CHP power 
Thermal performance in kW 
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Table 29: MaStR Categorization Queries - continued 

Energy Class Alternative Main fuel of unit 
is Onshore Wind, 
Offshore Wind, Solar PV, 
Geothermal, Biomass or 
Waste 

Conventional 
 

Main fuel of unit is 
Hard Coal, Lignite, Natural 
Gas, Nuclear, Oil. Mineral 
Oil Products, Hydro 

Energy Source Class Renewable Main fuel of unit 
is Onshore Wind, 
Offshore Wind, Solar PV, 
Geothermal, Biomass 

Fossil Main fuel of unit is 
Hard Coal, Lignite, Natural 
Gas, Nuclear, Oil 

Other  

Is Dominant Operator 0 
1 

Name of the plant operator 
Contains Innogy SE | innogy 
SE | EnBW Energie Baden-
Württemberg AG | 
Vattenfall Wärme Berlin AG 
| Uniper Kraftwerke GmbH  | 
RWE Generation SE | 
Vattenfall Heizkraftwerk 
Moorburg GmbH | 
Vattenfall Wasserkraft 
GmbH | RWE Power AG | 
Vattenfall Europe Wärme 
AG | E.ON Kernkraft GmbH 
| Vattenfall Europe Nuclear 
Energy GmbH |  Vattenfall 
Hamburg Wärme GmbH | 
Vattenfall Europe New 
Energy Ecopower GmbH |  
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Table 29: MaStR Categorization Queries - continued 

  Vattenfall via Vattenfall 
Europe Nuclear Energy 
GmbH  | EnBW Kernkraft 
GmbH | Preussen Elektra 
GmbH | Lausitz Energie 
Kraftwerke AG | Stadtwerke 
Düsseldorf AG | 
Grosskraftwerk Mannheim 
AG | Bayerische 
Elektrizitätswerke GmbH | 
Energie- und 
Medienversorgung 
Sandhofer Straße GmbH & 
Co. KG | Energiedienst AG | 
Energiedienst Holding AG | 
Energieversorgung 
Oberhausen AG | 
Gemeinschaftskraftwerk 
Irsching GmbH | 
Gemeinschaftskraftwerk 
Kiel GmbH | 
Gemeinschaftskraftwerk 
Veltheim GmbH | GHD 
Bayernwerk Natur GmbH & 
Co. KG | Kernkraftwerk 
Obrigheim GmbH | 
Kraftwerk Schwedt GmbH 
& Co. KG | 
Müllheizkraftwerk 
Rothensee GmbH | Obere 
Donau Kraftwerke AG | 
Peissenberger 
Kraftwerksgesellschaft mbH 
| Peißenberger 
Wärmegesellschaft mbH | 
Schluchseewerk 
Aktiengesellschaft 

Net Capacity In kW  
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whole period. Nevertheless, as can be seen in Figure 51, the results of a linear regression for 

the years 1955-1990 in which the buy to build indicator is lagged by five years202 display a 

proportional relation and are significant at the level of p < 0.001.  

Figure 50: Buy to Build indicator and change in UK exergy and useful work, 1900-1999 

 

Note: Blue line represents linear regression model, grey ribbon represents confidence intervals. 

 Source: see Figure 49. 

  

 
202 This means that while data on change in exergy and useful work is taken for the years 1955-1985, data for the 
buy to build indicator is taken for the years 1960-1990. 
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Figure 51: Lagged Buy to Build indicator and change in UK exergy and useful work, 
1955-1990 

 

Note: Blue line represents linear regression model, grey ribbon represents confidence intervals. 

 Source: see Figure 49. 

 

The analysis of 20th century dynamics is preliminary, drawing only broad research trajectories 

which beg a more detailed and thorough analysis which is beyond the scope of this dissertation. 

Appendix 9: Peak load and peak non-variable 

generation 

Figure 52 shows the peak annual 15-minute load and peak conventional and non-variable 

generation. 
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Note that the levels of conventional and non-variable peak 15-minute generation (i.e. the 15 

minutes during a year in which CEG load was the highest) remain close to those of annual peak 

load. This implies that while traditional generators' share in total net generation has declined, 

their installed capacity is still critical to ensure reliable supply. 

Figure 52: Peak Load and Conventional Electricity Generation, Germany, 2015-2022 

Note: Peak conventional generation refers to fossil-fuel and nuclear generation. 

Source: Data on 15-minute net electricity generation and load (2015-2022) was retrieved and compiled from 

Fraunhofer ISE: https://www.energy-

charts.info/charts/power/chart.htm?l=de&c=DE&interval=year&source=total 
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Appendix 10: EEX future and EPEX SPOT day-ahead 

market price development 

Figure 53: EEX future market price development, 2007-2021 

Sources: data on average EEX future prices were compiled from BnetzA monitoring reports 2012-2022. 
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Figure 54: EPEX SPOT day-ahead market price development, 2007-2021 

Sources: data on average EEX future prices were compiled from BnetzA monitoring reports 2012-2022. 

Note that while average EEX Year Futures began to rise in 2017 (as do conventional total 

electricity sales relative to yearly conventional revenue), average EPEX SPOT Day-Ahead 

prices rose only in 2021.  

Appendix 11: Alternative electricity generation 

development trends 

Figure 55 and Figure 56 show a coinciding rise in renewable ownership concentration and 

spatio-physical centralization. While renewable prosumer installed capacity began to stagnate 
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around 2012, renewable firm-owned installed capacity rose steadily and steeply, almost tripling 

in the decade between 2011-2021 (from approximately 30 GW to almost 90 GW). The same 

trend is displayed in the development of renewable installed capacity by plant size.  

Figure 55: Alternative Installed Capacity by operator type, Germany, 1990-2021 
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Figure 56: Alternative Installed Capacity by plant size, Germany, 1990-2021 

 

Sources: see Figure 55. 

As shown in Figure 57, these results coincide with declining AEG penetration rates. In 2010, 

the percent change in AEG installed capacity began to decline, from 22% in 2009 to 6 % in 

2021, the main drop occurring between 2010-13 (from 21% to 8%).  
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Figure 58: Change in output and price indices by industry (%, 5 year moving average), 
Britain, 1875-1910 

Sources: Price indices for pig iron, coal, textiles, and food, drink and tobacco: Great Britain Board of Trade 

(department of labour statistics), 1915: 88-89, Index Numbers for Wholesale Prices: All Groups and Index 

Numbers for Wholesale Prices: coal and metals. Output indices for ferrous metals, mining and quarrying, 

textiles, and food, drink and tobacco: Feinstein, 1972: T111, T114: Table 51: Index of Industrial Production by 

Main Orders, 1855-1965, and Table 52: Index of Industrial Production, Selected Manufacturing Industries, 

1855-1948. 
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