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Abstract
This paper explores the role of the world wars in shaping the directionality of the energy system in the
first deep transition, which culminated in the post-World War two ‘golden age’ of high and stable
economic growth underpinned by an increased use of fossil fuels and in particular a shift to oil amongst
other developments. Wars have been a neglected factor in the study of energy transitions and have
not been a focal point of analysis in the Techno Economic Paradigms (TEP) and sustainability
transitions perspectives that inform the Deep Transitions framework. Combining insights from
sociotechnical perspectives and historical literatures related to total wars, we seek to unpack
directionality focussing on four analytical lenses: systemic directionality, boundary crossings entailing
relations between different systems, Geographical change, and how war influenced the evolution of
rules in the energy system. Our interpretive analysis focusses on the First World War and post war
period of frenzy and competition between different aspects of the energy system; the Second World
War and the post-war period entailing stability and the age of abundance in energy; and the
interruption of energy abundance and the return of scarcity in the 1970s, where the directionality of
the first deep transition was challenged by the emergence of new rules in response to problems of
the first deep transition. We highlight that central to both the first deep transition and to new rules
that emerged in sustainability movements are diverse concerns around war and the military.
Contemporary discussions on the climate emergency tend to neglect these dynamics, yet we argue
interrogating ongoing and prospective energy transitions in terms of processes of the militarisation
and demilitarisation of energy systems is an important point of departure with regards to considering
the directionality of the second deep transition.

1. Introduction
It is perhaps testament to the notion of the ‘long shadow’ cast by the 20th century World Wars (1) that
within discussions of rapid and decisive action on climate change, wartime mass mobilisation seems
to be becoming the central metaphor and reference point for both the scale and types of policy
interventions required. From calls around a Green New Deal in both the USA and the UK (2,3), the
Extinction Rebellion climate activist group (4), and prominent economists (5), war rhetoric seems to
be proliferating in the context of the climate emergency. There are understandable reasons for this.
During World War Two the American economy was mobilised to an unprecedented extent with
automotive industries mass producing munitions, aeroplanes, tanks, jeeps and other war materiel at
a rate and scale considered improbable before the war (6).Thus it seems for an increasing number of
activists and scholars associated with action around the climate emergency, the replication of these

exceptional industrial feats achieved by emergency mobilisation offers the best and perhaps only
historical template for the scale of mobilisation required to transform economies from fossil fuel
dependency to zero carbon ones.
This paper takes a different vantage point. Rather than exploring how the Second World War
mobilisation can be extracted and applied to contemporary challenges, we instead want to
understand how the world wars influenced how we got here, in terms of 20th century energy
transitions. The Deep Transitions perspective calls for a greater focus on the role of macro-events, and
particularly wars in influencing the direction of sociotechnical change (7). The framework builds on
the Techno-Economic Paradigms (TEP) and the Multi-Level Perspective (MLP) the latter often being
utilised in energy transitions research (8). In the TEP approach, the fourth surge represents the period
from 1908 with the initiation of mass production to 1971 signalling the beginning of the Fifth surge
based around ICT technologies and renewable energy sources (9). The fourth surge is the final surge
in the first deep transition which looks at longer term continuity across the different surges of
economic development from the beginning of the industrial revolution to the present, which saw the
increasing use and embedding of fossil fuels in the economy (10).
The broad changes that emerged in 20th century energy systems in the Transatlantic zone are
identified in the TEP perspective and elsewhere. It has been identified as the “second industrial
revolution” by scholars of long term energy transitions (11). This period saw a shift from coal to oil as
the predominant source of energy in the Transatlantic zone post World War II (12), and the expansion
of large centralised electricity grids reaching a point of universal electricity access in many
transatlantic countries (13). The energy intensity of economies radically increased over the course of
the fourth surge as the overall the dependence of economies on fossil fuels rapidly accelerated. This
pattern was linked to the marked increase in the use of automobiles first in the USA and then across
the Transatlantic zone (14). An entirely new source of primary energy had arrived by the end of this
period in the form of nuclear fission; these material and institutional changes in energy underpinned
the ‘golden age’ of unprecedented economic development based around mass consumption and
energy intense lifestyles after the Second World War.
These changes that evolved during the course of the fourth surge also intensified various problems
that proliferated over the course of the first deep transition (7) including air pollution, oil spills and
environmental destruction from mining activities, the production of radioactive wastes, and climate
change. Bonnueil & Fressoz argue that war should be considered as a central factor in understanding
the emergence of the ‘great acceleration’ where, “war…and the organic link between military, R&D
and technological choices have played a fundamental role in the arrival of the Anthropocene” (15).
Yet, the role of war and the military remains almost entirely neglected in the field of sustainability
transitions. Similarly, in the TEP perspective, war remains a secondary point of focus as an exogenous
event. The question remains, then, as to what the role of the two World Wars were in influencing the
directionality of the culmination of the first deep transition?
This is the topic that we explore in this paper. We do saw by opening up the landscape category of the
Multi-Level Perspective (MLP) using sociotechnical perspectives combined with historical literatures
related to world wars (16–19) related that discuss the particular environment of total wars to explore
the particular ways in which the demand pressures impinged on the energy system. We build an
interpretive account and unpack directionality using four analytical lenses. We look at systemic
directionality in terms of broad identified changes that provide evidence to propose whether
particular sociotechnical configurations were accelerated or destabilised by war (8,20–22); We look at
notions of boundary crossing (23) in terms of how these wars affected dynamics and flows between
different sociotechnical systems in terms of both the military system and transport and agriculture;

building on literatures that highlight that the world wars entailed significant territorial and
geographical reorientation (18,24), we interrogate geographical change taking place with regards to
the energy system in relation to these wars; fourth, we summarise the rules that were influenced by
the war and guided routines and activity in the energy system (7).
In discussing the post-war dynamics in the Transatlantic zone we are attentive to differing
geographical experiences of abundance and scarcity across the transatlantic zone, where it is
recognised that important differences between North America and Europe in this regard were pivotal
in shaping post-war developments (25). These differences form an important aspect of understanding
post-war changes, and are concepts that are clearly linked and, in many ways, foundational to
modernity itself. As Xenos writes, “abundance is the conceptual twin of scarcity. The usages of the
two terms run in parallel” (26). In another paper (Johnstone & McLeish. Forthcoming), we identified
the imperative of maintaining abundancy and constancy of supply as being a key rule in guiding
sociotechnical change in the fourth surge, and this complements the historical analysis by David Nye
(27–29) which identifies the long-term striving for abundance is in energy cultures of the USA and
longer-term experiences in scarcity in Europe as an important factor influencing differences in energy
trajectories (27). We explore in more detail how this rule evolved in the energy system as a result of
the world wars as well as identifying in more detail how this rule relates to and influenced other rules;
that is how the striving for abundance influenced the amplification of other rules and how the
particular directionality of abundance was shaped by the world wars.
The paper proceeds as follows. In Section 2, we discuss the Deep Transitions approach and the TEP
and sustainability transitions perspectives in relation to war and energy. In Section 3 we introduce the
different lenses we draw on to unpack directionality. In section 4 we carry out our interpretive analysis
of transatlantic energy transitions and war. In Section 5 we discuss the rules that underpinned the
“age of energy abundance” and how these rules became challenged by the re-emergence of scarcity
once again the 1970s and social movements that harboured alternative rules. We conclude with a
discussion regarding the militarisation and demilitarisation of energy systems as an important point
of concern in sustainability transitions debates and the second deep transition.

2. Conceptual background
2.1 Deep Transitions, energy and war
The first deep transition saw the building up of socio-technical systems in a series of ‘great surges of
development’ taking place over the 19th and 20th centuries culminating in “unprecedented levels of
wealth and welfare in the Western World” in the post-World War Two era (7). However environmental
crises and rising inequality emerged as significant problems by the 1970s. The rapid increase in the
production and consumption of fossil fuels and the increased dependency on oil that occurred during
the fourth surge of development of course played a central role in the emergence of these problems
including air pollution, and climatic change. In response to these long-term challenges, Schot and
Kanger posit that a Second Deep Transition is developing the sustainability agenda however will be
fraught with political struggle and is far from unidirectional (7).
The deep transitions framework is underpinned by the Technological Economic Paradigms (TEP)
approach and the Multi-Level Perspective (MLP) often used in sustainability transitions research. In
the TEP framework surges are coordinated by a particular paradigm which guides innovation
processes and the direction of difference technological pathways including energy, transport and

agriculture (30). In the fourth surge, for example, a key coordinating paradigm is mass production
which was a routine that influenced different sectors moving them in a similar direction of travel (30).
The DT refers to these paradigms as meta-regimes which are constituted by certain rules that become
embedded and guide behavioural patterns in socio-technical systems. The DT perspective proposes
that meta-regimes or rule sets build up at first as single rules in one system such as energy that can
then develop in other systems and become meta-rules that constitute rule-sets coordinating
sociotechnical systems in a similar direction (7,31). For example, mass production began in the auto
mobility system and then became deployed in other areas over the course of the fourth surge. By
focussing on the development of rules in sociotechnical systems drawing on the MLP, The DT
perspective is more attentive to offers understanding how the directionality of particular surges
emerges and is transformed through from particular socio-material challenges to deliver a particular
function to society, such as providing energy or mobility (7).
The energy system arguably occupies somewhat of a special role within understandings of the
development of surges, in that a low cost energy input is key to the development of different surges
(7,30). This includes oil in the fourth surge and coal in the second and third surges (31). As Gore points
out, “the exploitation of new sources of energy has, along with the installation of new transport and
communications networks, generally been a core feature of each Kondratieff long wave” (32). As
Swilling draws attention to in relation to discussion of why the fifth surge is not progressing as it
should, the diffusion of a new cheap energy source has been held back due to incumbent resistance
from the fossil fuels industry (33), highlighting the importance of energy inputs in the development of
surges, explored in detail by Foxon (34).
The timeline of the ‘fourth surge’ is pinpointed from the invention of mass production and the
development of mass consumption, where the availability of cheap oil and universal electrification
emerged, underpinned by a logic of state intervention and welfare that only became stabilised after
the Second World War. This was in particular is recognised as playing a role in enabling a structural
shift in the economy and the emergence of the ‘golden age’ of economic growth where “it was only
after the Second World War, which served as a dress-rehearsal for State-Industry collaboration, that
the policies of the Welfare State were fully accepted” (30). The Second World War thus acted as a key
component of the ‘turning point’ between the installation and deployment stages, turning a period of
‘frenzy’ into one of synergy and maturity (9,31,35).
However, how different sociotechnical elements, including energy, were influenced by the war is not
detailed (7). Indeed, in TEP, the world wars were important events with the Second World War causing
an acceleration towards an end point of the ‘golden age’. However, the impression given in TEP
accounts is that this end point would have been reached regardless of the war. It is not considered
that war could in fact be a constitutive factor in the direction of the surge itself. Yet, as Shot and Kanger
point out, historical analysis suggests that wars have a profound effect on the directionality of
sociotechnical systems and therefore surges (7,36,37).

2.2 Sustainability transitions war and energy
The Multi-Level Perspective (MLP) that forms a key part of the field of sustainability transitions has
explored a number of different case studies depicting historic sociotechnical transitions during time
periods that span the First and Second World Wars (38,39), including long-run energy transitions like
the destabilisation of coal in the United Kingdom (22,40). However, in these accounts the world wars
are not focal points of analysis either providing the function of being temporal markers differentiating
between different periods of development, or acting as ‘external shocks’ influencing the pace of
change in a particular system (41). Sustainability transitions has generally not focussed on exogenous
events in the ‘landscape’ category, where the focal point of analysis is usually on niche-regime
dynamics (42). As Geels et al write, “…transitions research has not yet paid much attention to the role
of really large shocks (e.g. wars, population displacements, economic collapse), despite the suggestion
by Freeman and Perez (1988) that major paradigm shifts often involve societal crises” (43). There has
been increasing attention towards certain kind of landscape shocks including financial crises (44) and
the global effects of the Fukushima nuclear disaster (45). However, the role of war in sustainability
transitions has not been examined.
Nor has war been a key point of focus as a factor in energy studies more generally. There are
exceptions of course. For example, Evenden (6,46,47) discusses war as a factor in energy transitions,
outlining how increasing demands for electricity for wartime industrial production in Canada
influenced the expansion of hydro-electric capacity in Canada. Smil (12,48,49) has also discussed the
relationship between war and energy including the two World Wars. Focussing on important
innovations which were pivotal in influencing 20th century energy transitions, Smil argues that
diffusions in energy technologies were curtailed by the First World War, however the Second World
War “accelerated the introduction of three major innovations: nuclear fission, gas turbines, and rocket
propulsion” (12, p.21-22) having a lasting impact on energy systems. Smil notes that wars remain a
notably under-examined factor in historic energy transitions arguing that “it is inexplicable that wars
have received very little attention as energy phenomena” (Smil, 2004a: 363). He also draws attention
to energy as the cause of war, which has been a key focus in political economic analysis of energy
especially in relation to more contemporary “oil wars” (50,51).
In recent discussions on the speed of energy transitions war is also discussed. As Sovacool (52)
highlights how the legacies of the Second World War had an important influence on the development
of the French nuclear programme and the rapid transition to oil in Kuwait in the 1950s. Fouquet (53),
notes that the First World War led to coal prices rising which had implications for the transition to oil
in the 20th century. Fouquet (53) also discusses wars as forming ‘demand shocks’ seeing an increase
in production of oil during the Second World War influencing the speed of transition after the war,
however the dynamics that influenced these changes are not explored. Elsewhere, a specific aspect
bearing on energy transitions and their respective speed relates to the ‘formative phase’ of the
development of energy technologies (54–56). Here, the unique institutional conditions of the Second
World War are identified as important in the rapid formative phases of technologies including fluid
catalytic converting, nuclear power, and jet engines (54,56).
As discussed at the beginning of this article, attention towards the institutional conditions of the
Second World War has increased in energy transitions debates as part of there being more focus on
the ‘extraordinary interventions’ deemed necessary to bring combat climate change (57). Delina &
Disendorf (58) explore a range of wartime government interventions including financial and labour
policies deployed during the war in the United States, exploring whether these are a suitable model

for rapid decarbonisation strategies. They conclude that certain labour and financial policies could be
replicated for the purposes of climate mobilisation, however a key challenge would be implementing
executive policies in democratic societies. Several other interventions haven a pursued similar lines in
thinking through war as a metaphor for climate change (59,60). Kester & Sovacool (61) raise concerns
about the securitisation of climate discourse through war mobilisation rhetoric.
Rather than focussing on the application of mass mobilisation strategies to climate policy, this article
is instead focussed on how world wars shaped directionality in deep transitions in terms of their role
of the world wars in influencing the characteristics of energy transitions across the transatlantic zone.
Thus, we are focussed not on what world wars can tell us in terms of what to do, but what focussing
on world wars and their aftermath can tell us about how we got here. Of course developing
understandings of how we got here, can shift perspectives in terms of what needs to be considered
when we discuss where we are going next.

3. Approach
We base our interpretive account of directionality around sociotechnical perspectives in sustainability
transitions and historical analysis of the world wars and social transformation (18,62–66). We are
focussed at the level of an individual sociotechnical system, in this case energy. A sociotechnical
approach is attentive to a number of factors beyond technology alone including policy, users, market,
industry and science & engineering (67), which are fundamental in shaping the particular trajectory
that a sociotechnical system takes. In the DT perspective and elsewhere (68), directionality refers to
how sociotechnical systems are shaped by social and material activities, guided by a range of
influencing factors, which become ‘locked in’ (69), thereby reinforcing the particular pathway and
closing down alternatives (7,68).
Discussions around directionality in sustainability transitions are usually only focussed on one system,
and have traditionally focussed more on how particular sociotechnical niches are nurtured and
empowered and come to form new regimes based around new technologies, engineering principles,
market frameworks and institutions (70). However, more recently considerable work has focussed on
the destructive as well as creative forces influencing sociotechnical change (71,72) including
destabilisation (40,73–75) and discontinuities (76) . Another issue relates to geography. Case studies
exploring the evolution of sociotechnical systems tend to be at the level of a particular nation or city
and geographical differences and connections have been somewhat underplayed (77). For this paper,
we are looking at the transatlantic zone, and are attentive to uneven development (78) and relations
between countries in relation to energy.
This wider geographical focus is important because the DT perspective combines the MLP perspective
with a focus on great surges of development. Not only are these surges constituted by multiple
systems rather than single systems, but surges also cover a much wider geographical area than one
particular country, where there is an origin country where a particular paradigm develops, however
the paradigm extends geographically for examples across the Western World (30). We also unpack
directionality by being attentive to how the energy system is shaped by military systems and other
sociotechnical systems like transport and food during wartime. The last aspect of directionality that
we look at is central to the DT perspective and that is the focus on rules which guide activities and
routines in sociotechnical systems. We combine these perspectives related to sociotechnical systems
with literatures related to the conditions of total war from historical studies (79,80) which are

attentive to the particular kinds of demand pressures created by the ‘environmental conditions’ of the
First and Second World Wars (81) defined as ‘total wars’ (1,16,17,79,80,82–89). We summarise these
four steps that constitute our unpacking of directionality:
•

•

•

•

Systemic directionality. We focus here on broad changes that can be detected with respect to
some of the main different technological configurations that constitute the energy system and
how they are impacted by far. For example, whether production of a particular fuel source
increases or decreases, or whether a particular engineering or scientific principle associated
with an energy technology is applied in war time. We assess whether particular energy
trajectories have been accelerated or destabilised as a consequence of war. This chimes with
accounts of total war where the affects of disruption and demand pressures of wartime
activities are recognised to enable opportunities for certain actors while disempowering
others (18).
Boundary crossings. This aspect focusses how changes related to other aspects of
sociotechnical developments that are a consequence of war impinge on the directionality of
the energy system. For example, the particular nature of the use of transportation in the war
may influence changes in the energy system, or how new sources of energy may be applied in
other systems due to wartime activities. This draws on the work of Raven and Verbong’s work
on ‘boundary crossings’ (23) where through competition, symbiosis, integration, and spillovers different systems can influence one another. This again relates to the environment of
total wars, where Pickering highlights “breaching” between different systems as a key feature
of the mobilisation efforts of the Second World War (90).
Geographical change. We are focussed here on how geographical patterns of energy
production and consumption across the transatlantic zone were influenced by the world wars.
It is recognised that transatlantic relations were significantly altered by the two world wars
(91–93). Elsewhere, there have been accounts focussing on the unfolding of a new energy
regime in the North Atlantic after World War Two (94), yet how the activities of the world
wars influenced these changes remains under developed. In terms of the aftermath of war we
are guided by the recognition of differences across the Transatlantic zone in terms of
conditions of scarcity and abundancy (66,95,96) and how these also shaped subsequent
changes. In a discussion of war transformations, Obinger (18) highlight that total wars often
were times when important territorial shifts could occur with importance war for
developments after the war, so this will be considered in relation to the energy system.
Rules. Lastly, we look at the concept of rules, which are defined as “humanly devised
constraints that structure human action, leading to regular patterns of practice” (7). We are
focussing on how a central rule that we have identified elsewhere, to maintain abundancy
and constant supply relates to other rules that developed. We are especially focussed in this
paper on these rules as they relate to the policy regime, to understand the interventions and
changed policy routines that formed to facilitate this rule. This focus enables a bridging point
with the TEP aspect of the DT framework, as it is posited that a surge can only bring a period
of stability if active institutional innovation creates synergies (7,9). So we explore in what ways
the institutional conditions for achieving and maintaining abundancy were shaped by the
world wars.

These four aspects allow us to build an interpretive account that focusses both on dynamics related
to sociotechnical systems, we well as specific dynamics associated with the exceptional occurrences
of total war. The four different points of focus contribute to answering the over-arching question of

this paper, namely: In what ways did the world wars influence the directionality of energy transitions
in the culmination of the first deep transition? We now discuss our case.

4. World Wars and energy in the Transatlantic zone.
4.1 First World War
“These measures can and must be taken without one day’s delay…this is a question of interallied safety. France must have, in its hour of supreme struggles…the gasoline which is as
necessary as blood in tomorrow’s battles”
French Prime Minister Georges Clemenceau in December 2017, in a letter to Woodrow Wilson
requesting urgent additional oil supplies Quoted in Nowell (97) .

Systemic directionality
At the beginning of the First World War in 1914 coal was still King. Oil provided under 5% of world
energy supply while coal contributed to 74% (98). In 1907, the value of the UK’s coal trade surpassed
£52 billion while the total value of all petroleum exports from the USA amounted to some £19 million.
Coal was the dominant primary energy source across the transatlantic. Yet the First World War was a
significant rupture point in this pattern of development. Global use of petroleum grew by 50 percent
during World War I (99). It was during the First World War that oil became recognised as a key strategic
resource on which military strength depended because of the changing nature of warfare and
increased reliance on a number of oil and petroleum guzzling machines, discussed below (37,100–103)
The strategic military importance of oil that had been fully realised by the war’s end is epitomised by
Curzon’s famous evaluation that the allies had “floated to victory on a sea of oil” (Lord Curzon quoted
in Yergin (37).
Meanwhile, coal shortages were apparent across Europe with the French industry hit hard by German
invasion (19). Figure 1 highlights the decline in coal production across the Transatlantic zone during
the First World War, including in the USA when it joined the war in 1917. British coal exports to Europe
were disrupted by naval warfare and German coal supplies were disrupted by the blockade of
Germany (104). The labour intense nature of coal production (105), meant that when men joined up
for the war effort the workforce was decreased in countries including France, the UK, Germany and
Belgium (19). There was considerable trade union power in the coal mining industry which was seen
as an impediment prior to the war (105). This perceived weakness was amplified during the war, with
strikes breaking out in the British coal industry leading to nationalisation of the coal industry and “War
communism”(106) being implemented by the British Government to manage Labour unrest. Near the
war’s end, strikes broke out in the French, Belgian, German, American, and Canadian coal industries
(19). The wartime labour shortages were also thought to have revealed the lack of innovation in the
British coal industry in terms of mechanisation (107).

Figure 1: Coal production per capita in select Transatlantic countries during the First World War (MWh)

Source: Our World in Data, 2019 Ritchie & Roser (108)

As Clark states, “while strength and a relatively uninhibited foreign trade in coal characterized the
industry before the war, commentators labelled most postwar national coal industries as ill and in
decline” (98, p.29). Another stark example of how this war influenced directionality with regards to
the energy system can be seen with solar power. Solar Power was being experimented with for the
purposes of irrigation in the Cairo Desert by Shuman, receiving funds from different governments.
However during the First World War his solar irrigation systems were destroyed by the British Army
and used as scrap metal for munitions (109). This effectively ended solar experimentation for decades.
The increased industrial production for the war effort placed great demand on the electricity system
increasing demand in countries like Germany, the UK and Germany (110). Considerable challenges
were experienced by belligerent nations to achieve greater efficiencies in electricity production and
maintain supply when coal production was declining and labour supplies were diminished. Yet
electricity production increased. As Butler points out, “the impact of World War I upon the electricity
industry is acute, world demand for electricity doubling and the electricity industry becoming a large
global employer” (Butler, 2001: 10). However, the struggle to meet wartime demand revealed
problems with established paradigms of grid organisation where there was a “growing discontent with
the disorganized, piecemeal and uneconomic nature of electricity supply and distribution” (112). In the
USA and the UK, the key response to this challenge was to interconnect local electricity grids with one
another so that additional electricity could be supplied across longer distances via larger power plants
to transport electricity to where munitions and other type of manufacturing for war was taking place.
This can be considered as an acceleration in engineering solutions and a paradigm of centralisation

where due to the pressures of war, the advantages of connecting disparate grids to each other in a
centralised network were realised which would have a lasting impact on electricity systems (36)
Boundary crossings
The First World War has been described as the “first war to run on oil” (103). Indeed, the strategy of
war was transformed by the internal combustion engine and proliferation of motor vehicles for
military purposes which created an insatiable demand for oil. The military can be considered a key
early adopter of petrol-based transportation methods (113). As well as this, machine guns required oil
supplies for lubrication, and a new armoured motor vehicle, the tank, further integrated petrol into
military systems. A new type of war – the “air war” - emerged during this conflict, and the airplane
which was in its ‘embryonic phase’ at the start of the war had consolidated as a major industry by the
war’s end increasing requirements for gasoline products (114). Automobiles and trucks reliant on
petroleum became a tactical advantage as significant problems were experienced with rail road
transportation on all sides of the conflict (99). Table 1 indicates how increasingly reliant militaries were
becoming on the internal combustion engine over the course of the war. The British decision to
transform Britain’s largely coal-fired navy to oil taken before the war was accelerated during the
conflict. at the start of the war less than 5% of the British naval fleet was powered by oil, and by the
war’s end it was over 40% (37). There were advantages of oil ships including greater flexibility in
changing speeds, higher energy density and a greater ease of storage, less personnel required on ships
and less man power exerted, and considerably less smoke produced which is beneficial to gunnery
operations and providing more covert forms of naval activities (115).
Table 1: Number of motorized vehicles in British army at the start and end of the First World War

Source: Yergin (37)

Additionally, the First World War seems to have opened up an opportunity for petroleum to flow into
the food system. Demands for food production greatly increased in the USA and Canada as exports to
Allied nations in Europe increased markedly. With food supplies running out and traditional globalised
food supply routes interrupted by warfare, a move towards self-sufficiency occurred. The labour force
for agriculture had also been affected by men going to fight on the front lines in countries like the UK,
and so an opening for increased mechanization was presented by the dynamics of the need to increase
agricultural production while having a depleted labour force. Tractors became increasingly utilised
during World War I, and Ford exported 7,000 Tractors to Britain to boost agricultural productivity
(116).
Thus in the First World War we see that the military system was key in influencing the direction of the
energy system. The oil regime became increasingly integrated. Within the environmental conditions
of total war food, transport, and energy systems were bound together through oil. Total war
integrates all sociotechnical systems into a system of war, and in such conditions where maintaining
a constant supply becomes a key imperative, new openings are created for further inter-system
linkages in the search for new solutions to meeting demand pressures.

Changing Geographies of energy production and consumption
At the time of the First World War 63% of the world’s coal was produced in Europe (98) with the UK
was the world’s main coal exporter (117). On the other side of the Atlantic, the USA produced 63% of
the world’s oil at the start of the war (98). For European countries the location of oil supply and sites
of consumption of oil do not match each other well which was different to the coal situation where
Europe was self-reliant. Indeed, two of the main belligerent nations in the conflict, Britain and
Germany, were the two largest coal-producing countries, but they did not have any viable oil reserves
onshore.
What seems to be the case is that some of the territorial manoeuvres during the conflict were at least
partly driven by the intensified quest for oil. In 1916 Britain and France signed the Sykes-Picot
Agreement to territorially control the Middle East (118,119), where Anglo-Persian Oil Company and
Royal Dutch Schell, secured rights over oil fields. In signing this agreement, “the British created the
arbitrary divisions which largely exist through the present day, including the creation of Syria and
Lebanon as French ‘protectorates’, and Trans-Jordan, Palestine, Iraq, Kuwait as British entities” (115).
These new geographical arrangements, driven in part by sociotechnical problems in securing oil supply
and the search for constant supply would be crucial in delineating the geopolitical future relations
influencing flows of energy to Transatlantic countries later in the 20th century.
During the war, 90% of the oil required for the war effort for Britain and France was supplied by the
USA (98). France, Italy and the UK became dependent on the USA for their energy needs to fuel this
oil-intense conflict. These dynamics intensified with the oil crisis of 1917 where due to the everincreasing amounts of oil being consumed by militaries in Europe and the disruption of oil supply
routes by German submarine attack, there were significant risks of oil supply running out which could
be fatal for the war effort. Due to these pressures, parts of the Transatlantic zone were drawn closer
together by the imperative to maintain constant supplies of oil especially following the oil crisis of
1917. As Yergin points out, the oil crisis caused by the First World War “was already forcing the United
States and its European Allies into much tighter integration of supply activities.” (37). This of course,
required greater international coordination as discussed below.
Rules
The British oil strategy before the war had been to stockpile oil reserves in peacetime and buy cheap
oil on the market in times of war (120). However, with oil dependency intensifying during the war and
the 1917 oil crisis putting the allied war effort in jeopardy this was revealed as a flawed strategy.
Access to a constant supply was required to meet continual demand. As Engdahl writes, “in the age of
air warfare, mobile tank warfare, and swifter naval warfare, abundant and secure supplies of the new
fuel were becoming increasingly essential” (115, p.37). This crucial imperative of maintaining
abundance that was amplified by the life or death reality of military conflict was enabled by other
behavioural routines – especially in terms of policy practices adapting during war time. This included
increased state intervention and centralisation, with greater coordination by governments and
intervention into the energy system ranging from the creation of new institutions and government
posts like the “Energy Tsar” to nationalisation of coal in the UK. This went hand in hand with greater
international coordination between Allied forces to maintain supplies of key energy resources.
Collaboration also became important during this period, where oil companies rather than competing,
worked together in the USA to coordinate output through pooling resources and working closely with
government (100). These interventions and new coordinating measures are recognised to be a
decisive break with the governance arrangements that had been in place prior to the war (16,121,122),

An overview of these rules is provided in table 2 below, including relevant system policies that directly
influenced the energy system, as well as relevant developments in other systems.
Table 2: First World War, energy and rules

4.2 Abundance and Scarcity in the Transatlantic zone after the First World War
“fascism, socialism, and social democracy: Perhaps they were tributaries flowing from a single original
experience – the one in which, in the aftermath of the First World War nightmare, everyone perceived
the promise of an era of limitless energy powerful enough to change the world, without pain”
Auzunneau, 2015 (50)

The imperative to maintain a constant flow of oil had accelerated the production of the US oil industry
and the challenge was now for the US oil industry to reconvert to peacetime. Abundance in oil
production was a particular challenge. Auzzanneau writes “unable to settle down and smoothly adapt
its production to the new conditions of peace, the oil industry experienced an intense overproduction
crisis after 1918” (50, p.100). The US industry anticipated that there would be huge demand for oil
from Europe following the conflict however as we discuss below, such a boom in European oil
consumption did not occur. Instead The absorption of surplus and reconversion to civilian times was
achieved through cheap credit and the fuelling of consumer culture and auto culture in the USA
through the ‘Roaring twenties’ (123): the acceleration of ‘car culture’ in the USA was the vehicle
through which the oil industry continued to expand. The significant problems experienced with

bottlenecks in flows of truck freight caused by poor road infrastructure in the USA during the war gave
impetus for mapping out and then funding road infrastructure in the USA. In 1919 on the “point zero”
voyage conducted an experiment to traverse the American continent by road after concerns were
raised about the poor state of roads impacting on US military supply routes during the war (99). The
journey proved extremely challenging, and the Federal Highway Act 1921 was delivered in response
to construct a joined-up road network linking US cities. This encouraged the development of car
culture and therefore the marked increase in US oil production and consumption in the 1920s, and
the Federal Highways Act was driven to a large degree by military requirements for improved road
infrastructure for future mass mobilisation (124).
As the American oil industry continued to expand after the war, the European coal industry struggled
to recover from the significant damage done by the disruption of the First World War. The French
industry faced serious labour shortages for the tragic reason that so many coal miners had been killed
in the conflict (19). The maximum share of coal at 60% of the global energy mix had been reached in
1913, the same year that the world’s main coal exporter, the UK, had reached peak production.
Following the war, the UK coal industry was in decline (125). Writing in 1934, British Trade Unionist
Ivor Thomas, lamenting this decline, stated that “whether we like it or not, we are entering – or have
indeed entered – an oil age” (126, p.43). Yet in the UK and Europe, the coal industry remained powerful
and what was referred to at the time as the “back-to-coal” lobby still had considerable influence
(A.C.Hardy quoted in (126, p.43). This was apparent even with regards the British Navy’s new
dependence on oil. In 1931 there was still lingering debate concerning whether the navy should return
to coal-fired vessels despite the clear operational advantages of oil-powered naval vessels (127).
In the USA, a rapid increased demand for electricity was anticipated, and a hydro-electric expansion
programme was proposed in the US in 1921 (128). In the USA, plans around ‘Giant Power’ were put
forward where based on wartime experience, certain engineers and policy makers called for more
interconnection and construction of long distance transmission, with some advocating for a
centralised governing body to oversee the whole grid modelled on wartime organisational practices
(129). However, ‘Giant Power’ never came to fruition due to resistance from established grid owners
and power companies, and by 1940 the electricity industry was still more disaggregated than linked
(129). The UK was somewhat an exception where a centralised approach to the organisation of
electricity prevailed with the creation of the National Grid in 1926 after significant political struggle
(36,130). In France, Hydro-electric and grid expansion was also announced but driven by concerns
around scarcity, where it was thought that the experience of the 1917 oil crisis had made French policy
makers acutely aware of French reliance on energy imports, spurred on efforts for greater energy
independence (131).
Meanwhile, the First World War had created “…an oil frenzy…which greatly influenced international
relations after the war” (98). The 1920s can be considered as a period of international instability with
respect to global oil supplies as with the new recognition on the strategic importance of oil that
intensified during war time, friction between different national oil interests ensued. As Black notes,
the First World War and the emergence of oil as a ‘strategic resource’(101) meant that “…new systems
of negotiation and need had emerged that would eventually be referred to as “geopolitics.” (99,
p.140). In terms of directionality, this meant that key decisions related to energy, were symbiotic
twith military strategic interest.
Before the First World War Britain controlled only 5% of the world’s oil production, but by the war’s
end Britain had acquired 50% of the world’s known oil reserves (132). France and the UK struggled for
control for Middle Eastern oil, and in the end the San Remo agreement was reached, where “Britain
conceded a share of the oil in exchange for a general agreement, effectively granting France a 25

percent share of petroleum in exchange for Mosul” (118, p.41). This had had locked out foreign
companies from being able to operate oil production in the British empire. The Americans retaliated
with similar measures, using the Mineral Leasing Act of 1920 to prevent any company from a nation
that was excluding American oil companies in the Middle East from gaining access to US oil fields.
New oil discoveries in Texas in 1924 easing the geopolitical tension. However, the new thirst for oil
had seen an ‘exploration boom’ taking place stemming from concerns around oil shortages from
experiences of the First World War (37,133). This had led to low prices which risked the stability of the
industry. The “Red Line” Agreement at Achnacarry in 1928 sought to control global oil prices and form
monopolies of control around oil access. The agreement saw the creation of the “Seven Sisters” oil
cartel where the agreement was reached to not independently develop oil in the Ottoman empire
thereby finally bringing stability following the frenzy produced from the First World War (37).
It can be concluded that the First World War had an accelerating effect on the oil industry and
electricity industry, while having destabilising effects on the coal industry; a new system of geopolitics
had been created by the oil frenzy that the First World War had created, however friction persisted
between different parts of the Transatlantic zone as the USA remained focussed on domestic
production of oil. The rules that accompanied the overriding imperative of sustaining abundant and
constant supply did not remain as a return to normal routines based around the market and a
reluctance towards centralised control continued. While there had been a glimpse of the promise of
energy abundance, the institutional mechanisms to secure abundance had dissipated. The 1930s and
economic depression saw some of the lessons of First World War centralisation return, which merged
into preparation for a total war on an entirely new scale.

4.3 World War II and energy transitions
“The Second World War thus prepared the technological and legal framework for the mass consumption society”

Bonneuil & Fressoz (15).
Systemic directionality
The Second World War was a global conflict entirely dependent on oil. For example, American forces
in Europe used one hundred times more gasoline in World War II than in World War I (37). In the
energy sector as oil supplies to the UK became cut off in 1941 with bombardment from German
submarines (134), a key challenge centred on sustaining constant supplies of oil to Europe from the
USA (37,135,136); around half the tonnage of shipping from the USA to Europe during WW2 was oil.
The directionality with respect to oil was transformed by the war through the rapid construction of
mass infrastructure in the form of pipelines and additional refineries to meet increased production.
The ‘little inch” and “big inch” were constructed in under a year, to transport oil and natural gas across
the USA (13,137). At the start of the twentieth century, pipe size had been standardized at eightinches however this could only move 125,000 barrels a day when a refinery could produce up to
125,000 barrels. As Richard Rhodes points out, solutions in the form of wider pipes and ‘looping’
techniques were already developed but private companies were not prepared to make such
investments. However, during the war these innovations in pipeline technologies were put to use. As
Johnson notes, “in the endeavour to meet the demand for crude oil and petroleum products on the
East Coast, government-financed pipelines embodied technological innovations – particularly with
respect to diameter of pipe – that were to have a lasting impact.”(13). The “big inch” and “little inch”

stretched for 1,254 miles across the county with pumping stations every 50 miles and capable of
moving 350,000 barrels of crude daily and the ‘Big inch’ was the largest and longest pipeline ever built
up to that time (13). An Industry pipeline Management Committee oversaw the expansions of
pipelines under the ‘Tulsa Plan’. Over 3,200 miles of new pipeline was dug and laid during World War
Two in the US to enable the meeting of the vastly increased demand during wartime (100).
In the UK, due to concerns around aerial bombardment of road transportations of oil, construction
began on the Government Pipelines and Storage System (GPSS) in 1941, connecting key locations
such as Liverpool docks with Avenmouth, and by the war’s end was supplying all British air fields with
aviation fuel from underground pipeline network criss-crossing England (134). Germany too sought
about pipeline expansion as they expanded territorially, constructing new oil pipelines from Poland to
Germany (138) .
During the war, industrial production in the USA increased more rapidly than at any other point in
history, tripling between 1940 and 1944, with production of raw materials increasing by 60% (15). This
created immense pressures on the electricity system to provide adequate supply to fuel this industrial
production. The solution in the USA as well as the British warfare state, which Egerton argues was also
producing an industrial abundance during the war (139), was once again interconnection, pooling of
resources and increasing centralisation of electricity supply (129,140). In the USA, with only a 25%
increase of installed capacity from 1940 to 1945, the nation’s power system still managed to generate
60% more electricity during the war years compared to pre-war levels (129). In Canada, war time
demand saw the construction of large centralised hydro-electric plants and transmission
infrastructure to meet war time industrial demands (6,46,47). This led to a 40% increase in hydroelectric generating capacity on pre-World War Two levels (47).
The European coal industry faced significant destruction as a consequence of violence during the
Second World War Territorial expansions by Germany, air bombardment of the German coal industry
by the allies, submarine warfare, and workforce shortages due to men being deployed to the
battlefield (141,142). Many coal fields in France and Germany were destroyed, and coal production
declined during the war years in Europe as can be seen in figure 2 below.

Figure 2: Coal production in select Transatlantic nations during World War II

Source: Ritchie and Moser, 2017, (108)

Boundary crossings
The acceleration and innovation in the oil sector where spurred on by the changing nature of war. The
Second World War was an “air war” (88) or “the bombing war”(85) and the aircraft was transformed
by the events of the Second World War. An idea of the demand pressures created by the acceleration
in the use of aircraft can be garnered from the figures in table 3 below. Innovations took place in the
oil industry during the war including perfecting “catalytic cracking techniques” that made possible the
production of large volumes of 100-octane gasoline (37). This fuel was in high demand from the
burgeoning and now mass-produced aircraft sector, the oil intensity of which increased with the
development of jet engines, and four engine bombers. Huge refineries were built rapidly to facilitate
the increasing demand for different types of fuel. While this fuel and associated innovations were
developed before the war there had been no market for them. As Yergin writes, “a number of
innovations to facilitate the flow of petroleum. It moves to standardise products – specifically one allpurpose motor fuel and one all-purpose diesel fuel.”(37).

Table 3: aircraft production in the USA during the Second World War

Source: Bright (1976) The Jet Makers (143).

Oil further penetrated into the food system as abundant production of oil and enhanced refining
capacity saw the the forging of the oil system with pesticides production for agriculture (144). With
immense pressures on agriculture to increase production in the USA, Canada, and the UK,
mechanization and the use of tractors and combine harvesters increased. The ‘petrolification of
agriculture’ also accelerated in the UK, In the UK in 1939 there were 56,000 tractors and by 1940 there
were 100,000 (25).
Increased oil production during the war combined with the need to conserve aluminium, copper, steel
and zinc for war materiel, meant that an opening was created by the war for oil products to penetrate
further into areas including clothing, and means of storage and preservation which would be of
considerable import for the food system. The use of oil as feedstock for the production of plastics
expanded in World War Two where the development of thermoplastics were “…driven not so much
by market demand as by the pressure of supply, an overabundance of chemical raw materials” (Meikle
quoted in Black (145)). The first meeting of the Society of Plastics Industry (SPI) had convened in 1937
with hopes that plastics would become an important industry, however there was no market for these
products. During the war, cellulosics, acrylic, nylon, phenolic and polyethylene became valuable
materials and material manufacturers and mould makers and processors prospered during war time
(146). This can be considered as a spill-over effect of increased oil production and refinery capacity
through an opening afforded by wartime pressures. This enabled abundance. As Black writes, this saw
“petroleum became a primary component in allowing producers to overcome limits of supply and
production” (145)
The directionality of nuclear fission was entirely shaped by the demands of military systems. Through
the work of Ernesto Femi and Otto Hahnn nuclear fission had been realised prior to the war, however
in 1939 German scientist Heisenberg was investigating the use of nuclear fission for military purposes
and the creation of a nuclear bomb (147). In 1941 the British MAUD committee had been warned
about the destructive potential of nuclear fission which was shared with the Americans. This led to
Eisenhower to pursue the first atomic bomb project which evolved into the Manhattan project in 1942
(148). The first nuclear reactor was built in Chicago in 1942, and a nuclear weapon was dropped on
Hiroshima and Nagasaki in 1945. The first few years of this new source of primary energy, were guided

entirely by military systems and would not have been created in the time scale without them (149–
151).
Geographical change
The Second World War applied the lessons of ‘total war’ in the First World War but on a vastly
enhanced scale. Victory in war was predicated on the successful mobilisation and control of
sociotechnical systems (17). Greater awareness and preparation to control these systems and the
vastly increased energy intensity of war (49), meant that the Geographies of the conflict would be to
a greater extent be guided by sustaining control of energy resources. This can be seen with the German
invasion of Baku (50), the British expansion into Iran in 1941 (115), and key battles in Norway around
hydro production designed to supply heavy water for the German nuclear programme (152).
The war transformed patterns of energy imports and exports across the transatlantic zone. Before the
war, the UK was one of the world’s main energy exporters. The reliance on the United States for
supplies of oil that emerged during the First World War had dissipated and the UK sourced much of
its oil from countries including Venezuela, Dutch West Indies, Iraq, and Persia however these trade
routes were disrupted by the Second World War. As Edgerton states, “that the USA would become
the UK’s main supplier of oil was unthinkable even in 1940” (139). However as the war progressed the
UK became reliant on the US for 90% of its oil supply for the war and paid for this oil with assistance
from the Americans through the Lend Lease Programme (100,153).
During the war, the USA were already turning attention towards an age of markedly increased oil
demand and were concerned about securing future supplies (50). In 1944 American Geologist Everytt
Gower returned from Saudi Arabia to announce that “the oil in this region is the greatest single prize
in all history”(37). Fierce negotiations between Roosevelt and Churchill were taking place regarding
this future oil supply near the end of war, however in secret meetings at the Suez Canal between
Roosevelt and Abdul Aziz ibn Saud, it was established that Britain would not gain control over Saudi’s
oil reserves and that Saudi would exist in the American sphere of influence (50). This moment and
subsequent agreements saw a complete reorientation of energy supply for transatlantic countries. By
war’s end the “centre of gravity” had decisively shifted, and the pressing requirements of war and the
necessity of discovering a new source of abundance was one of the main driver’s of this shift.
Rules
In belligerent countries state intervention was immediate with centralisation of key resources and
financing of new infrastructures to maintain constant and abundant supply (154,155). The new flows
of energy across the Atlantic Ocean, required new international coordination to ensure supply.
Collaboration between the oil industry and the US government for constructing pipelines and shipping
were essential, as well as the collaboration between auto industries and government to produce vast
aircrafts, jeeps and tanks that all depended on petroleum. We summarise examples of interventions
where these war-time routines emerged in table 4. It is worth pointing towards one key area with
regards to centralisation and collaboration that was distinctive about the Second World War
(156,157). The mass mobilisation and central coordination of science in the Second World War saw
unprecedented levels of targeted R&D investment and the application to spheres including nuclear
fission and aircraft that had considerable implications for the energy system (147,158,159).

Table 4: Second World War, energy and rules

4.4 Towards the age of energy abundance in the Transatlantic zone
"[the central objective]…is not a rationing of scarcity, but the orderly development and orderly
distribution of abundance."
US State Department Petroleum Advisor, 1944, quoted in Yergin (37)

Abundance and reconversion in North America
The conditions after the Second World War between North America and continental Europe were
stark between a position of abundance in the former and scarcity in the latter. In 1950 oil overtook
coal as the main source of energy in the USA for the first time (12). The Second World War had been
key in transforming the infrastructure associated with oil, and much of this had been achieved through
government spending. The challenge of abundance and reconversion presented itself after the war.
The US government set about transferring government holdings of pipelines refining capacity, and
tankers to the private sector (100). Lobbying by the US coal industry to close the “little inch” and “big
inch” pipelines after the war on the basis they were at a competitive disadvantage failed (13), and not
only did these pipelines open up East Coast America to expanded supplies of oil but they also opened
up the East Coast to supplies of bountiful natural gas which was an energy source that accelerated
after the war (13,128). The infrastructural stage was set for the age of abundance. In 1945 hours after
the Japanese surrender, oil rationing was suspended in the United States which saw consumers
rebound, “…designing their postwar lives around energy decadence” (99, p.401).
The challenge from the American mass mobilisation going into peacetime was “the problem of
productive over-capacity and its reconversion into peacetime” (15, p.145). The automobile industry
stabilised and set about producing cheap cars in record numbers (160,161). The Second World War
left behind a surplus of standardized aircraft now equipped with jet engines, cabin pressure, and a
transformed air infrastructure of new runways equipped with new air traffic control systems that
accelerated air travel after the war further integrating oil into the transportation system (162,163).
Oil flowed through other sociotechnical systems, for example plastics reliant on oil feedstocks became
increasingly used in food packaging after significant propaganda campaigns taking place just after the
war to “introduce” these unfamiliar new products to the public (146).
The mechanization of agriculture which had accelerated during the war continued and required
increasing petroleum to power machinery (164). The transportation by truck of agricultural produce
became more widespread after the war as large highways were constructed (124). American society
became even more oriented around the automobile with cities reshaped through suburbanisation
processes, and out of town supermarkets, fast food restaurants, and diners all catering to a lifestyle
of abundance underpinned by cheap oil. Oil had seeped into every part of American life, forming an
“ecology of oil” where “Oil does not just fuel Americans’ vehicles. Oil has changed their diet, their
clothes, their neighbourhoods, their jobs, their fun—in fact, everything about U.S. society” (145).
The successful rapid adaptions made to the grid during wartime in the USA to keep up with increased
industrial demand, achieved through interconnection, meant that electricity supply reconverted to
civil production without an urgent need for additional plant (129). In Canada a surplus of hydroelectric plant initiated during the war became a marker of a “bright future” and a “narrative of
abundance”(46,47). For European electricity grids as we discuss below the challenge would be
recovering from destruction rather than adapting to abundance.

Before we discuss the European context and understand how energy systems changed after the war
in Europe, it is important to note how the geographies of energy production and consumption across
the transatlantic zone and indeed the world had been transformed during the war. The geopolitical
map had been redrawn. The UK which began has a net energy exporter was now one of the main
energy importers. The UK had been shut out of an oil deal agreed between the USA and Saudi Arabia
near the war’s end. The USA had negotiated the “50/50” Agreement with Saudi Arabia to gain access
for the “greatest prize in history” of Saudi crude oil. The ‘prize’ went beyond all expectation where
“the abundance of oil fields…greatly surpassed even the greedy appetite for oil that seized humanity
after the Second World War” (50, p.219). US oil majors were granted access to Saudi oil fields and
major large-diameter pipelines, innovations perfected during the war, were built from Middle Eastern
oil sources to connect initially American military bases.
However, at first the ‘black gold’ of Saudi Arabia was not primarily to fuel American abundance but
rather to facilitate the reconstruction of Europe and export abundance to the European continent
(165). The strategy for US oil policy had been suggested in a memo at the war’s end which read: “the
navy wants Arabian oil developed to supply European Commercial demand, replacing western
hemisphere oil which might otherwise go to Europe, thus conserving supplies which are subject to U.S
military control” (quoted in Azzenueu p.192). Here, the priority is that the US would ensure its military
were supplied with indigenous petroleum reserves, while Europe would be reconstructed by flows of
cheap oil produced by American oil majors (115). The USA as the new hegemon required abundance
to fuel its own economic growth as well as for reasons of achieving stability under conditions of the
Cold War. This would lead to rapid energy transitions taking place in Europe.
Scarcity and reconstruction in Europe
The situation of continental Europe after World War II was one of extreme scarcity. Production of coal
had fallen during the war, and much of the coal infrastructure especially in Germany had been
damaged (142). Traditional trade routes and supplies did not return to normal immediately after the
war and the industry was in a state of crisis (166). Refining and distribution plants for oil were
significantly damaged in France, Germany and Italy (142). Blackouts and electricity shortages were
experienced (19). Although the UK had not as badly effected as countries on the continent, there were
still grave concerns about the depleted coal industry and a potential lack of electricity supply (140).
The solution to the problem of European energy scarcity was to a great extent, American abundance.
The European Recovery Programme (Marshall Plan) initiated by the USA in 1948, 10% of Marshall plan
loans related to the importation of oil to Europe (100,167). A rapid energy transition ensued in Europe
based on imported Saudi oil. The share of petroleum products in the primary energy consumption
(142) mix of Europe at the end of the war was around 10%; by 1955 it was 21% and by 1964 it was
45% (142). Between 1960 and 1964 oil consumption grew at a rate of 150%. In the 1950s several
pipelines were built connecting Europe to Mediterranean supply routes from the Middle East and
extensive networks of pipelines built across Europe drawing on successful experiences notably the UK
underground pipeline network built during the war (138). The Marshall plan also was important with
regards to the electricity system where the aim was to expand electricity capacity in Europe following
the war, contributing to national power programmes but also interconnection across borders to create
a European pool through the work of the CEEC and the International Power Programme (168). This
programme was strongly influenced by military rationales of containment and prevention of future
war as NATO influenced electricity grid design in the early 1960s (168).
Growth in electricity consumption grew in Europe by 11.5% between 1946-1951, and then between
1951-1956 at 9.5% which “far exceeded the level of 7.3% which corresponds to the law of doubling

every ten years” (142). Interconnections across different European countries also increased and a
centralised electricity system based around increasingly large plant and economies of scale and a
constant baseload supply was now the dominant paradigm (169). This had knock on effects in other
areas where the needs to maintain a constant supply meant that demand would have to meet supply,
influencing in the case of France, the encouragement of electric heating systems to keep up a certain
level of consumption (168). As we discuss, the rules that re-emerged during the war persisted and
were essential in providing the institutional stability in which energy abundance in Europe became
realisable.
The search for an abundant energy machine across the transatlantic zone
By 1957, Europe had reached “the years of surplus”(142), where the condition of scarcity that existed
only ten years prior had been replaced by an optimistic vision of abundant energy futures. The pursuit
of nuclear power became the epitome of the hope of abundant energy futures after the tragedy of
war. As Lowe points out, Journalists at the time likened dawning of the atomic age to a “spiritual
awakening” where Time Magazine stating in the early 1950s that “…at last science will have freed the
human race not only from disease, famine, and early death, but also from poverty and work” (24).
Ideas of “limitless” electricity abounded, including visions of entire societies powered by nuclear that
would see nuclear powered trains, cars, airplanes, and the unleashing of further extractive potential
and overcoming of limits produced from the immense power of splitting the atom (170). Indeed,
nuclear offered the hope of society being free from limits altogether (171).
The mobilisation of scientific R&D efforts in energy were modelled on the work on atomic weapons in
the Manhattan project after the war. As Byrne and Rich state the objective of energy R&D after the
war was “energy abundance rather than energy efficiency” (171). This drove immense spending and
scientific endeavour in the “…search for an abundant energy machine: one which would sustain the
availability of cheap energy supplies delivered by large-scale centralized institutions in a manner
response to the demands of a high-consumption society.” (171) 141.
Taking a long-term view, nuclear power never reached the limitless fantasies that had been set out in
the beginning of the age of abundance. But the tightly controlled nuclear system had a wider influence
that was “organizational, managerial and technocratic” (171). Alongside securing oil resources,
acquiring nuclear capabilities in the age of abundance was also a means of maintaining geopolitical
power. Britain, with the fall of empire pursued nuclear to retain status at the “top table” following the
diminution of its status as a consequence of World War Two and the emergence of the two super
powers. For France, nuclear power was a means of achieving energy abundance but also a process of
nation building after the horrors of World War Two and achieving the epitome of modernity (172–
174). Britain opened the world’s first commercial civil reactor however it was a civil reactor that had
a secret function to provide plutonium for the American weapons programme (175). British Magnox
reactors were designed specifically to enable the offloading of plutonium for military nuclear activities
(176–178). A key rule it would seem in the Post World War Two order was that energy systems aligned
or achieved symbiotic dynamics with military imperatives.
Rules and the stability of abundance
Unlike after the First World War, the rules that were amplified by the Second World War emerging as
responses to the imperative to maintain abundant and constant supply, continued to guide the energy
system in the decades after the Second World War. Centralisation intensified and could be seen in the
nationalisations taking place in Europe to intervene in the economy, the continued mass mobilisation
of science by the state to pursue the abundant energy machine; International collaboration was

central to peace building and reconstruction in Europe and more globalle, centring around particular
forms of energy like the European Coal and Steel Community, EURATOM, and the International Atomic
Energy Agency (IAEA). Collaboration continued between the state, science and industry. The rules had
reached their highpoint with regards to nuclear power: the technology promised untold abundance
and the eradication; total technological mobilisation and control; the promise of abundance; highly
centralised, bureaucratic, and often secretive networks of nuclear scientists, industry and government
often shielded from public scrutiny, and continuing to achieve symbiotic relationships with military
nuclear activities or even be fully integrated as one single civil-military nuclear complex.

4.5 Abundance interrupted: resistance and counter-rules to the first Deep Transition
“Our energy policy will determine the character of this nation…this difficult effort will be the
moral equivalent of war…The world now uses about 60 million barrels of oil a day, with
demand increases of about 5% each year. This means that just to stay even, we need the
production of a new Texas every year; an Alaskan north slope every nine months; or a new
Saudi Arabia every three years. Obviously this cannot continue”
President Jimmy Carter, The ‘moral equivalent of war’ speech on the energy crisis, 1977 (179)

In 1973 the rule of abundance was seriously challenged for the first time since World War Two. The
USA had become increasingly reliant on imports as domestic production was not keeping up with
demand, and Europe now also highly dependent on Middle Eastern oil following the rapid energy
transition after the Second World War. An abundance of oil had kept prices low (180), however in
retaliation at Israeli invasion of the Gollan Heights and American support for Israel, OPEC nations
decided to raise the price of oil leading to an economic recession and fuel shortages across the
Transatlantic zone (101). The USA had experienced almost three decades of “energy decadence”
however this was now in jeopardy (51). Indeed, the US would be hardest hit by the crisis because
American consumers had become “so completely accustomed to a culture defined by petroleum
abundance”(145).
The environmental harms caused by a relentless search for more oil was highlighted when the Santa
Monica oil spill occurring in 1969. The Limits to Growth report was published highlighting constraints
on continued economic and population growth on a finite planet (181). The dreams of an abundant
nuclear utopia faced the reality of failing new build programmes and an awareness of the serious
problems of radioactive waste (182). Oil dependent industrial agricultural systems were also heavily
criticised, stimulated by Rachel Carson’s Silent Spring (183). In the USA, and the suburbanisation based
around the car and abundant oil and the massive freeway systems that penetrated, rather than simply
linking cities, became symbols of alienation and social unrest (160,184).
New Environmental groups emerged such as the Sierra Club, Friends of the Earth, and Greenpeace. It
was in 1970, that the first ‘Earth Day’ was held. These new developments can be seen as a reaction to
the problems of the first Deep Transition which intensified after World War Two, against the
“petrolification of society” (15). But it was not just the environmental consequences but the rules that
gave shaped to the particular character of the imperative to maintain abundance and constancy of
supply that were challenged. As indicated in table X, the counter-rules formed in response to
disillusionment and opposition to the rules that intensified through the two World Wars. These
movements sprung up across the transatlantic zone. The “Soft Energy Paths” vision put forward by

Amory Lovins outlined a critique of the rules that had become embedded in the sociotechnical system
of energy:
“Perhaps the most profound difference between the soft and hard paths is their domestic sociopolitical impact . . . In an electrical world, your lifeline comes not from an understandable neighborhood
technology run by people you know who are at your own social level, but rather from an alien, remote,
and perhaps humiliatingly uncontrollable technology run by a faraway, bureaucratized, technical elite
who have probably never heard of you. Decisions about who shall have how much energy at what price
also become centralized—a politically dangerous trend because it divides those who use energy from
those who supply and regulate it” (185).
Here, we have a critique of centralisation of systems, and the forms of bureaucratized collaboration
that become de rigour across the transatlantic zone, and that had emerged during the Second World
War. Elsewhere, Schumacher’s ‘Small is beautiful” vision promoted localism, challenging the
international collaboration and reliance on global value chains that had emerged after the Second
World War (186). The opposition to centralised nuclear power in Germany and Denmark provided
key niche spaces in the transatlantic zone where ideas of decentralised ‘energy democracy’ emerged
(187). Renewable sources of energy being advocated as an alternative to centralised fossil and nuclear
based energy systems were a direct challenge to the particular form of abundancy and constancy of
supply. Instead of acquiring raw materials from distant locations, energy would be produced locally;
instead of consumer demand being manufactured to facilitate constancy of supply, as with the
example of electric heating in France, supply would be matched with demand, and energy
conservation and efficiency would be implemented.
What is perhaps also neglected in contemporary accounts of the environmental movement then, is
how intimately it was tied to an opposition against war and the military industrial complex that had
grown up around this war (188). Earth Day was initiated from the peace movement, and crucially,
widespread opposition to the Vietnam War, which some was also influenced by the search for oil
resources (50). This saw a criticism of the centralised structures that had been borne out of World War
Two mobilisation (188). Whether in Carson’s critiques of agriculture, critics of the links between the
American war machine and oil supply, and the vast critiques of the civil-military nuclear complex, the
notion of “the military industrial complex” was increasingly critiqued (157). Originally stated as a
warning by Eisenhower (189) in 1961, it now was a central point around which environmental and
peace groups coalesced, which was a criticism of the collaboration between industry, government,
science and military systems that had been forged during the Second World War and had remained
during the Cold War. Indeed, for Lovins a central benefit of ‘Soft Energy Paths’ was that they would
build a durable peace, and shift away from mass mobilised, oil and nuclear-dependent military systems
(185).
Yet the reactions to the problems of the first deep transition were very different across the
Transatlantic zone. As Nye (27) argues, this can be seen as being related to long term cultural factors
related to Europeans being more accustomed to conditions of scarcity and high energy prices, whereas
in the USA in particular, the embeddness of abundance in energy supply was complete. The “years of
surplus” in European energy (142), had begun later on in 1957, and although Europe was now heavily
dependent on oil, it can be argued that oil had not crossed boundaries to the extent that it had done
in the USA. Jimmy Carter’s attempt to shift towards energy conservation and essentially inspire
wartime sacrifice, as indicated by the quote at the beginning of this section, were not popular. This
symbolically came to an end when Ronald Reagan removed the solar panels that Carter installed as
he took the Presidency in 1979.

The USA, returned towards abundance but this required renewed focus around military expansion, as
terms like resource wars, petro-dictators, and “bottom kill” became increasingly utilised (145). It was
in Europe, where Nye contends longer-term familiarity with scarcity enabled “alternatives to be
considered”(27). policies emerged such as the ‘Alterative Energy Plan’ in Denmark, focussed on a shift
towards wind energy through incentivising local manufacturers, cooperative ownership, and shifting
away from oil dependence and in opposition to nuclear power (190). The Energiewende or ‘energy
turn’ in Germany emerged as a concept in 1980, again emergent out of a wider societal movement
that was opposed to nuclear energy and intimately connected with the German peace movement. In
other countries like France, the more centralised institutional context and the use of violent repression
to quell dissent, saw the rapid development of nuclear power in response to the energy crisis
(174,191). In 1987, the Our Common Future Report on sustainable development acknowledged the
threats posed by wars and the military, awareness increased towards climate change. While low
carbon technologies began to succeed, it had perhaps been forgotten; that a central challenge to the
problems of the first deep transition had included a key focus on the need to demilitarise energy
systems and challenge the particular ways in which abundance had been framed. The new rules can
be summarise as follows:
Table 5: emergent rules during the 1970s in response to the problems of the dominant energy regime

5. Discussion and Conclusion
5.1 War, directionality and the culmination of the first deep transition
We have examined how the directionality of the sociotechnical system of energy was influenced by
the two world wars across the transatlantic zone. We focussed on the long time period of the fourth
surge which constitutes the final surge in the first deep transition (7). We oriented the discussion
around a key rule that intensified during this time period in terms of the imperative to maintain
abundance and constancy of supply. Directionality is usually considered in terms of sociotechnical
change within one particular system, however in this paper we sought to unpack directionality,
exploring systemic directionality, boundary crossings between different systems, geographical
changes, and the rules guiding the system. We now summarise our findings with regards to each of
these before discussing the wider implications for deep transitions.
Systemic directionality. War played a crucial role in accelerating the transition to oil and destabilising
the coal regime. The sunk costs associated with coal infrastructures meant that coal still remained
cost-effective compared to oil in the ‘frenzy’ stage between the wars. This was resolved by the
construction of vast oil fixed cost oil producing, refining and consuming infrastructures in World War
Two which would not have been constructed at the particular juncture and at the speed and scale that
they were without wartime pressures. The destruction of established coal trading routes and coal
infrastructure in Europe meant that coal was significantly weakened by the Second World War
contributing to the strategic opening for an oil transition in Europe.
Boundary crossing. Total seems to pull sociotechnical systems closer together and oil has a
predominant role in this process over the course of the two world wars. The First World War saw
military systems become early adopters and leaders in the transition towards oil and petroleumfuelled machines and vehicles whether it is the British Navy’s rapid transition to oil or the proliferation
of motor vehicles by the military, the military is a key user that fundamentally steered the direction of
20th century energy transitions in the transatlantic zone. During the Second World War, integration
seems apparent where all systems are coordinated within the military system and oil can be
considered as the glue that underpinned all systems. With regards to oil and the food system, spill
over effects can be seen with regards to the production of plastics due to abundant oil production and
scarcity of aluminium resource during world War two.
What occurred after the Second World War was symbiosis between military systems and the
sociotechnical systems where there were mutual benefits and feedback loops between the oil industry
and the requirements and strategies of the vast and globalised American war machine. After the war,
civil and military nuclear industries could be considered as integrated into one nuclear complex both
with regards to shared materials such as enrichment facilities, reactors designed to produce plutonium
for weapons. Symbiosis can be seen in planning around electricity systems and road networks the
planning of which integrated military strategic priorities.
Geographical change. The World Wars influenced the geographies of energy across the Transatlantic
zone. This can be seen with the emergence of geopolitics in the Middle East in the First World War,
driven in part by the need to secure abundant and constant supply of oil as Britain seized territories
During the ‘frenzy’ phase oil-thirsty nations struggled to deal with the problem of abundance after a
prospecting boom following the First World War, and geopolitical tension between the UK, the USA
and France was notable, yet somewhat resolved by the 1928 red Line agreement. World War Two

provided an opportune environment whereby the ‘centre of gravity’ shifted and the USA in an effort
to maintain abundance and constant supply, took control of the ‘great prize’ of Saudi Arabian oil. The
different experiences of abundance in North America and scarcity in Europe influenced onward energy
trajectories whereby Europe experienced a rapid oil transition as part of the Marshall Plan.
Rules. The unique pressures of total wars, intensified the imperative to maintain abundance and
constancy of supply, as blockages to flows of energy would mean the difference between victory or
defeat. In the search for solutions to crucial supply issues – be it oil or electricity – routines became
oriented around processes of centralisation whether through new government departments and
institutions, or through engineering processes like the integration and interconnection of disparate
electricity grids to meet demand. Supply problems and the fear of scarcity, drew allied countries closer
together internationally to enable continuous transportation of oil to troops in Europe. Especially in
the Second World War, collaboration between different industry actors and government, and
between scientists and government, became crucial in meeting war time aims. These forms of close
collaboration between the military, industry, and scientists, became known as the military industrial
complex in peace time. However, these rules, once the solution to abundance became the point of
contestation seeing the emergence of new rules that countered the dominant routines of the postSecond World War energy system, including a shift towards renewable sources, decentralisation,
localisation and the de-militarisation of energy systems.
Bringing discussion back to the ‘fourth surge’, it can be posited that the World Wars did not just lay
the ground for the new institutional arrangements that would lead to the stabilisation of high
economic growth and the ‘golden age’, or the ‘age of abundance’ (192), but shaped the particular
direction of the institutional conditions in terms of rapidly intensifying the rules and routines related
to centralisation, international coordination and collaboration. The character of the institutional
environment was one designed around mass mobilisation for war, which in the context of the cold
war remained the norm. With regards to the first deep transition overall, it can be seen that the role
of the world wars accelerated the culmination of the first deep transition and intensified the long run
rule to use fossil fuels for energy (7). It was the world wars that presented the challenges and problems
that amplified the rules discussed above, and the world wars appear to play a crucial role in the
alignment of sociotechnical systems. Here, as recognised in TEP perspectives, energy has a crucial role,
and it was during the wars that oil became far more integrated into military, transport and food
systems through boundary crossing processes that we have discussed above.
Future historical research could explore previous stages of the first deep transition to ascertain how
other wars influenced the directionality of the first deep transition. For example, Bonneuil & Fressoz
point out that coal also became a strategic resource in the 19th century driven again by military
interests (15). As they point out, in the early 19th century, although coal was still being ruled out for
domestic consumption it was the French army that signed large contracts that they argue stabilised
mining activities. Another point is that war could be approached from the perspective of how
problems have built up over the course of the first deep transition, and how to explore the changing
nature of military systems as a driver of deep transitions, building on work undertaken already
highlighting the role of the military as a crucial agent in transitions (193).

5.2 War, sustainability and energy in the second deep transition
In section 4.5, we emphasised how energy abundance was disrupted in the 1970s with the oil crisis
and the rise of environmentalism, which constitutes the period where the first deep transition ends.
While some argue that the current period represents a ‘blocked’ surge in terms of the fifth surge not
progressing at a similar rate to other surges (33), Schot and Kanger however, suggests that this period
is in fact a period between two deep transitions. The second deep transition is different however,
because given the extent of environmental crises and growing awareness of this, it will be a more
purposeful transition. In many ways the rules of the second deep transition are still to be shaped and
written. Our analysis raises a key question with respect to the second deep transition: given the extent
to which the directionality of the culmination of the first deep transition has been shaped by war,
what role is envisaged for warfare and the military in the second deep transition?
Contemporary developments also suggest that these issues warrant further attention, that can be
exemplified with regards to the issue of climate change and the military. The energy intensity of the
US military has reached extraordinary levels. In 2006, the US air force burned 2.6 billion gallons of jet
fuel, which is equivalent to how much was used overseas during the whole of World War Two (15).
10-15 % of US emissions during the Cold War are attributed to the military (15). Indeed, USA Army
uses deploy a global military capacity to fight wars simultaneously in Afghanistan and Iraq, and to
station forces in Korea, Bosnia, makes the US military the world's largest consumer of petroleum. It
uses more petroleum every day than the entire country of Sweden (194). Military GHG emissions have
been referred to as the ‘elephant in the Paris agreement’ because the military were excluded from
carbon budgets in the Kyoto agreement (195). The largest share of global R&D still goes to military
research dwarfing R&D for climate solutions. Elsewhere, energy transitions continue to be shaped by
military interests, for example the US Navy continues to lobby for civil nuclear technologies as a civil
nuclear sector is required to sustain defence related nuclear activities (196,197). Perhaps further
interrogation of deep incumbency and how military systems continue to impinge on energy systems
could complement the deep transitions framework (198).
Our analysis of the first deep transition raises the obvious but relevant point that if, as seems to be
the case, warfare and the military were key in influencing the directionality of the first deep transition,
how do we envisage warfare and the military with respect to the second? For example, will a zero
carbon future society be one with vast armies spanning the globe as today or not? How will
directionality be influenced by geopolitical shifts that may result as economies become more
dependent on renewable resources? How might the changing nature of warfare influence shifts in
energy use? As we stated at the beginning of the piece, it seems that many energy and climate policy
makers and analysts, rather than interrogating these questions, opt instead for the militarisation of
climate change discourse, using mass mobilisation in the Second World War as a template for initiating
radical change. Yet perhaps more radical and experimental questions are required concerning
potential future trajectories, and perhaps the most radical one of all was that was posed by the aligned
peace and environmental movements in the 1970s in response to the disruption of abundance: what
would a demilitarised global energy system look like?
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