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beyond technological change



Energy transitions
of the past,  the present and  the future



Transition:
the process (or a period )of changing from one state or condition to another.

Past 
energy transitions

Understanding the
processes of change

within the energy
systems through

time.

Present 
energy transitions

A fast pathway to a 
low carbon energy 

system 
(away from fossils)

Future
energy transitions

?
Will depend on how 

the present one 
comes about.



Stylized view
Are these 
the only 

transformations 
in the energy 

systems?
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Can you tell which one was more diversified?

Note: 
scales are 
different



Large vs small:Energy diversification paths of 
European countries last 200 years
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Rubio-Varas & Muñoz-Delgado (2019)

Earlycomers
United Kingdom, Germany, France, and the 

Netherlands

Latecomers
Italy, Portugal, Spain, and Sweden.

The alteration of the energy basket:
Was slower in the 19th century

Was slower for larger energy 
consumers

It accelerates over time

In this sample, energy transitions 
always occur at mid-to-low 
concentration levels. 

Latecomers enjoyed far more diversified 
energy baskets



Large vs small: 
the inertia of the energy systems

Experts in energy transition refer to the 
“inertia of energy systems” when trying 
to explain how difficult, painful, and 
slow is to alter a given course

Evidence suggests that large  and small energy consumers
follow different paths in the process of altering their 

energy mixes

By 1929 Latin America had completed the transition to
petroleum (30 years before Europe or the US)



The amount of
energy &
what do we
use it for
also changed



Transition to higher quality energy carriers (I)
(More energy per unit of volume and weight, capacity to do useful work, flexibility, density, etc)



Transition to higher quality energy carriers (II)
(less CO2 per unit of energy- the definition of de-carbonization)



Energy transitions and income:
The energy ladder



Not all forms of 
energy have the 
same impact on 

economic output

Higer quality energy carriers
tend to have larger impact in 
economic output (GDP)

ENERGY & ECONOMY



GDP and energy (I):
More production requires more energy



But…
the economy (GDP) growths faster than the energy consumption 
(decoupling)

Energy intensity vs income per capita 1800-2010 Energy intensity of economy falls

Some countries have expanded GDP per capita 
significantly:
Without increasing energy use per capita 

Or even while energy use per capita has fallen
e.g. UK’s energy use per capita is the same as it was in 
the 1960s, down 12% from peak year (1996)

Evidence is that causality flows both ways
GDP causes higher energy demand
Greater energy availability is good for the economy



Some lessons

• Past energy transitions:
• affected all aspects of the energy 

systems: mix, quantity, quality, uses, 
etc
• accelerated over time
• always occurred at mid-to-low

concentration levels. 
• Most energy carriers did not

decline in actual use when their
share decreased (but eventually
did!)

• Increasing energy quality with
income.
• More income requires more 

energy, but
• There exist a long term trend for 

decoupling (less energy per unit of 
output) –partly due to higher 
energy quality over time

Do this help with the 
present energy transition 

to a low carbon 
economy?



Transition:
the process (or a period )of changing from one state or condition to another.
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The transition to a low carbon economy

Which carbon indicator?
(1) total?  
(2) Per capita? 
(3) Per dollar? 
(4) Per unit of energy?

(1)

(2)

(3)

(4)



(1)Total emissions



Key emissors

coal & oil                                              electricity, heat and transport (>70%)



Some (very recent) 
good news





Beyond the technology : 
some of the socio-technical challenges for the 
ongoing energy transitions

• Energy inequality (energy justice)
• Governance of the transition
• Changing habits (and other challenges for technology adoption)
• Billion machines



Global energy
consumption
1800-2005



Global Access to Energy

25

840 M people
people without

electricity access

2.9 B people
do not have access to clean 

cooking facilities

1 B people
no health care

due to energy poverty

References: Map – NASA, Data – IEA, WHO
and IEA, IRENA, UNSD, WB, WHO (2019), Tracking SDG 7: The Energy Progress Report 2019  

3.8 M excess deaths per year
due to exposure to indoor air pollution



Governance of the 
transition:
society, policy and markets



Changing habits/practices is difficult
(both for societies & individuals)

Slource:Sovacool, B.K., Griffiths, S. Culture and low-carbon energy transitions. Nat Sustain 3, 685–693 (2020). 
https://doi.org/10.1038/s41893-020-0519-4

Easier

Most 
dificult



Technology may exist but…may not be adopted
(because of social, economic, political, ethical, philosophical reasons…)
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Billions of machines to be replaced all over the world
(fewer in the supply than in the demand side)
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Adapted from: https://saulgriffith.medium.com/one-billion-machines-48a7c3cf0694
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Cornucopians vs Degrothwers
two radically different views of the present energy transition

(and the future ahead)



Cornucopians vs Degrothwers



Cornucopians vs Degrowthers



The limits to imagine 
futures: our fears



The limits to our ability to imagine futures: 
precognitions and prejudism



In the past, visions of the future tended to be too pessimistic 
(but they helped us in the search for solutions).

Social sciences and humanities
are central to understand

energy transitions
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