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Defining energy transitions 

• What is an energy 

transition?
o Change in fuel 

supply?

o Shift in technologies 

that exploit fuel, e.g. 

prime movers end 

use devices?

o Switch from an 

economic or 

regulatory system 

(e.g. Cuba)?

o Time taken for socio-

technical diffusion?

o At what scale?

Source: Sovacool, BK.  “How Long Will it Take?  

Conceptualizing the Temporal Dynamics of Energy 

Transitions,” Energy Research & Social Science 13 

(March, 2016), pp. 202-215.

http://www.sciencedirect.com/science/article/pii/S2214629615300827


Conceptualizing energy transitions 

• Grubler and 

Wilson: 

Experimentation 

and learning, unit 

scaling, industry 

scaling, 

standardization, 

market saturation 

(from core to 

periphery)

Source: Sovacool, BK.  “How Long Will it Take?  Conceptualizing the Temporal Dynamics of 

Energy Transitions,” Energy Research & Social Science 13 (March, 2016), pp. 202-215.

http://www.sciencedirect.com/science/article/pii/S2214629615300827


Conceptualizing energy transitions 

• Thomas Hughes and the 

emergence of electricity 

networks:

o System = seamless web of 

economic, educational, legal, 

administrative, and technical 

elements

o Momentum = mass and 

velocity, path dependence

• Phases: Invention and 

development, technology 

transfer, growth, momentum, 

and style
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Theories of socio-technical transitions: the 

long-list



Ordering theories: the long-list

No. Discipline Name Key author(s) Application to sociotechnical diffusion and 

acceptance  

1 Behavioral 

science 

Attitude-Behavior-

Context (ABC)

Theory

Paul C. Stern, 

Stuart Oskamp

A kind of field theory for behavior intended to 

be environmentally sustainable, inclusive of 

accepting environmentally friendly 

technologies. Behavior (B) is an interactive 

product of ‘internal’ attitudinal variables (A) and 

‘external’ contextual factors (C).

2 Behavioral 

science

Attribution Theory Kelvin 

Lancaster, F. 

Heider 

Attempts to explain why ordinary people 

explain events as they do, including the 

adoption of new technology, and it suggests 

that the two most influential factors are internal 

attribution to characteristics of the individual or 

external attribution to a situation or event 

outside of personal control

3 Behavioral 

science

Comprehensive 

Technology 

Acceptance 

Framework 

N.M.A. Huijts, 

Linda Steg

Proposes a complex model of technological 

diffusion predicated on experience and 

knowledge which are then mediated by trust, 

issues of procedural and distributive fairness, 

social norms, attitudes, and perceived 

behavioral control

4 Behavioral 

science

Cognitive 

Dissonance Theory

Leon Festinger Argues that people in general are motivated to 

avoid internally inconsistent (dissonant) 

beliefs, attitudes and values, including when 

they adopt new technologies or practices



Ordering theories: the short-list



Temporality and energy transitions 

• “Energy transitions have 

been, and will continue to 

be, inherently prolonged 

affairs, particularly so in 

large nations whose high 

levels of per capita energy 

use and whose massive and 

expensive infrastructures 

make it impossible to greatly 

accelerate their progress 

even if we were to resort to 

some highly effective 

interventions …”

Source: Sovacool, BK.  “How Long Will it Take?  Conceptualizing the Temporal Dynamics of 

Energy Transitions,” Energy Research & Social Science 13 (March, 2016), pp. 202-215.

http://www.sciencedirect.com/science/article/pii/S2214629615300827


Temporality and energy transitions 
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Temporality and energy transitions 

Diffusion durations scale with market size. Notes: X-axis shows duration of diffusion (t) measured in time to grow from 10% to 90% of cumulative 

total capacity; y-axis shows extent of diffusion normalized for growth in system size. All data are for ‘core’ innovator markets. Round symbols 

denote end-use technologies; square technologies denote energy supply technologies; triangular symbol denotes general purpose technologies 

(steam engines). Arrows show illustrative examples of system of systems (refineries describing the rise of multiple oil uses across all sectors, 

cars describing the concurrent growth of passenger cars, roads, and suburbs, and steam engines are a proxy of the growth of all coal-related 

technologies in the 19th century). Arrows also highlight examples of single technologies diffusing into existing systems substituting existing 

technologies (nuclear power, compact fluorescent light bulbs).
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Temporality and energy transitions 



Some peculiarities 

• Diffusion thresholds: what % constitutes a transition (5%, 10%, 

25%, 50%)?

• Co-evolution: one isolated technology or the seamless web 

(e.g. mimicry plus rail and telegraph, oil and roads)?

• Unit of analysis: big oil or smaller changes in ICEs, steam 

engines on ships, oil lamps, oil heating boilers and furnaces? 



Rethinking transitions: towards 

acceleration?

• We have seen at least five fast transitions in terms of energy 

end-use and prime movers

• Examples of many rapid national-scale transitions in energy 

supply also populate the historical record



Rethinking transitions: towards 

acceleration?

Figure designed by Gert Jan Kramer, used with permission



Rethinking transitions: towards 

acceleration?

• Historic energy transitions have not been consciously governed, 

whereas today a wide variety of actors is engaged in active attempts to 

govern the transition towards low carbon energy systems

• International innovation dynamics can work in favor of speeding up the 

global low-carbon transition.

• The 2015 Paris agreement demonstrates a global commitment to move 

towards a low carbon economy for the first time



Rethinking transitions: towards 

acceleration?



Rethinking transitions



Rethinking transitions: electricity, 

heat, and buildings



Rethinking transitions: transport and 

mobility



Rethinking transitions: affordability

• The total cost of the Nordic 

transition is roughly $3.57 trillion

• It requires an additional 

investment of only $333 billion

• This is less than 1% of 

cumulative GDP over the period

• If you monetize air pollution and 

fuel savings, it tips the economic 

equation firmly in favour of the 

transition



Rethinking transitions: Changes in demand 

preferences, demand “peaks?”



Rethinking transitions: incumbency 



The energy transition is already 

happening?



Shifts in business models and value 
creation alongside technology 

Trends pushing down the cost of solar, 

other renewables and energy efficiency Examples

Increasing technical innovation 
• New battery chemistries

• New solar PV technologies

Synergistic solutions increasing 

the value of renewables

• Solar PV + battery storage 

• IT and storage for peak shaving

Data and internet of things 

increasing integration 

• Sensors

• Predictive software 

• Demand response automation

Innovative business models 

increasing customer bases

• Analytics and prediction 

• Market assessment 

• Value beyond energy

Innovative financing reducing cost 

of capital

• Third-party financing 

• Green bonds 

• YieldCos
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Decarbonisation as an interdisciplinary 

challenge (policy mixes)
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Decarbonisation as an interdisciplinary 

challenge (gender and cooking)



Changing the source of pollution Improving the living environment Modifying user behavior

Improved cooking devices

 Improves stoves without flues

 Improves stoves with flues

Alternative fuel-cooker 

combinations

 Briquettes and pellets

 Kerosene

 Liquefied petroleum gas

 Biogas

 Natural gas, producer gas

 Solar cookers

 Modern biofuels (e.g. ethanol, 

plant oils)

 Electricity

Reduced need for fire

 Retained heat cooker (haybox)

 Efficient housing design and 

construction

 Solar water heating

 Pressure cooker

Improved ventilation

 Smoke hoods

 Eaves spaces

 Windows

Kitchen design and placement of 

stove

 Kitchen separate from house 

reduces exposure of family 

(less so for cook)

 Stove at waist height reduces 

direct exposure of the cook 

leaning over fire

Reduced exposure by changing 

cooking practices

 Fuel drying

 Pot lids to conserve heat

 Food preparation to reduce 

cooking time (e.g. soaking 

beans)

 Good maintenance of stoves, 

chimneys and other appliances

Reduced exposure by avoiding 

smoke

 Keeping children away from 

smoke (e.g. in another room if 

available and safe to do so)

Decarbonisation as an interdisciplinary 

challenge (gender and cooking)



• Transitions 

are  a multi-

scalar, 

polycentric 

process

• They are co-

evolutionary 

and also 

temporally 

dynamic 

Decarbonisation as an interdisciplinary 

challenge (multi-dimensionality)

Source: Geels, FW, BK Sovacool, T Schwanen, and S Sorrell. “Sociotechnical transitions for deep decarbonisation,” 

Science 357 (6357) (September 22, 2017), pp. 1242-1244. 

http://science.sciencemag.org/content/357/6357/1242


Decarbonisation as an interdisciplinary 

challenge (energy justice)



Whole systems energy justice impacts 

of European low-carbon transitions 





Decarbonisation as an interdisciplinary 

challenge (energy justice)

Sovacool, BK, A Hook, M Martiskainen, and LH Baker, “Decarbonisation and its discontents: A critical energy 

justice perspective on four low-carbon transitions,” Climatic Change (in press, 2019)

Sovacool, BK, A Hook, M Martiskainen, and LH Baker. “The whole systems energy injustice of four European 

low-carbon transitions,” Global Environmental Change 58 (September, 2019), 101958, pp. 1-15. 

https://www.sciencedirect.com/science/article/pii/S0959378018313281?via%3Dihub


1. If you like it, fund it: public and private organizations should give a bigger slice 

of funding to social scientists ($1-35 bias, even worse for inter-d work)

2. Collect social data:  to reduce disciplinary bias, energy ministries, statistical 

agencies and public utility commissions should focus more on energy 

behaviour and demand, rather than just supply, and employ focus groups, 

interviews, surveys, etc. to create rich, complex narratives  

3. Focus on problems, not disciplines: University administrators should make 

energy research more problem-oriented, including social perspectives, and 

tweak promotion guidelines to account for trans-disciplinary approaches 

4. Include others: researchers should do more to accommodate expertise and 

data from laypersons, indigenous groups, community leaders and other non-

conventional participants, and reach across disciplines, and beyond Europe and 

North America 

5. Incentivize social science methods and concepts: journal editors can prioritize 

interdisciplinary, inclusive, comparative mixed-methods research in their aims 

and scope

Source: Sovacool, BK, SE Ryan, PC Stern, K Janda, G Rochlin, D Spreng, MJ Pasqualetti, H 

Wilhite, L Lutzenhiser, “Integrating Social Science in Energy Research,” Energy Research & Social 

Science 6 (March, 2015), pp. 95-99

Interdisciplinary research nonetheless needs 

incentivized 



• Definitions abound: Whether an energy transition can 

occur quickly or slowly can depend in great deal 

about how it is defined, so always check sources, 

data, assumptions, thresholds, coupling/scale/unit of 

analysis, etc.

• The academy has no shortage of conceptual tools 

grappling with transitions, but in some ways this is its 

own quagmire

 Implies none or few have strong resonance with 

scholars or puzzles?

 Or, reflects the true breadth of intellectual 

scholarship? 

 All are useful, but all are also wrong?

 MLP and social practice appear currently “hot”

Concluding remarks and insights 



• Transitions require truly interdisciplinary collaborations
• By sector, e.g. avoid, shift, improve

• By training/expertise, e.g. cooking and fuel science, buildings, 

behavior, gender studies 

• By dimension, e.g. technology but also culture, users, markets, 

discourses, power, etc. 

• By discipline, e.g. science and social science with the arts and 

humanities

• Causes are complex: WW2 (France and Kuwait), rural famine 

(China), 1970s oil crises (Denmark, Brazil), demand (AC in 

USA)

• Future transitions could be driven by active governance (phase-

outs), scarcity, and demand pressures, rather than supply, 

markets, or abundance 

• The past need not be prologue; history can be instructive but 

not necessarily predictive

Concluding remarks and insights 
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