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Conceptualizing 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?



Conceptualizing energy transitions 

• What does the 
academic literature 
say?

• “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 …”
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Conceptualizing 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).



Rethinking transitions

• 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

Figure designed by Gert Jan Kramer, used with permission



Rethinking transitions

• 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
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Rethinking transitions: electricity, 
heat, and buildings



Rethinking transitions: transport fuel



Rethinking transitions: industrial emissions

CCS utilization by 2050:



Rethinking transitions

• 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



The energy transition is already 
happening?
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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

• No up front costs
• Funnel analysis
• Value beyond energy

Innovative financing reducing cost 
of capital

• Third-party financing 
• Green bonds 
• YieldCos



• 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 etc.

• 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 
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