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DEFINING ENERGY TRANSITIONS

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.

What is an energy transition?
• Change in fuel supply?
• Shift in technologies that 

exploit fuel, e.g. prime movers 
end use devices?

• Switch from an economic or 
regulatory system (e.g. Cuba)?

• Time taken for socio- technical 
diffusion?

• At what scale?



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.



CONCEPTUALIZING ENERGY TRANSITIONSCONCEPTUALIZING 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



MOVING AWAY FROM THIS CONCEPTUAL 
QUAGMIRE OR MINEFIELD, WHAT ABOUT THE 

EMPIRICAL DYNAMICS OF TRANSITIONS?



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.



TEMPORALITY AND ENERGY TRANSITIONSTEMPORALITY 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 PECULIARITIESSOME 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?

• Other heating transitions that were (fairly)  rapid, taking 18–35 years
• And deep, involving diffusion that collectively reached more than 100 million households and 

more than 310 million people



RETHINKING TRANSITIONS: TOWARDS 
ACCELERATION?

Sovacool, BK and M Martiskainen. “ Hot transformations:  Governing rapid and deep household heating transitions in 
China, Denmark, Finland and the United Kingdom,”  Energy Policy 139 (April, 2020), 111330, pp. 1- 16.



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?
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ACCELERATION?



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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Source:  Sovacool, BK and DD Furszyfer Del Rio. “ Smart home technologies in Europe:  A critical review of concepts, 
benefits, risks and policies,”  Renewable & Sustainable Energy Reviews 120 (March, 2020), 109663, pp. 1- 20.





CONCLUDING REMARKS AND INSIGHTS

• 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

• 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 including 
pandemics (e.g., Covid- 19), rather than supply, markets, or 
abundance 

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



Benjamin K. Sovacool
Director, IGS
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@BenjaminSovaco1
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