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Energy transitions
of the past, the present and the future




Transition:

the process (or a period )Jof changing from one state or condition to another.

Present
energy transitions

Past
energy transitions

A fast pathway to a
low carbon energy
system
(away from fossils)

Understanding the
processes of change
within the energy
systems through
time.

Future
energy transitions

?

Will depend on how
the present one
comes about.



Stylized view

Are these
the only
transformations

in the energy
systems?



Can you tell which one was more diversified?
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Large vs small:Energy diversification paths of
European countries last 200 years

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.

Energy Mix Concentration Index (EMCI)

Latecomers enjoyed far more diversified
energy baskets

Rubio-Varas & Mufioz-Delgado (2019)



Large vs small:
the inertia of the energy systems

Experts in energy transition refer to the By 1929 Latin America had completed the transition to
“inertia of energy systems” when trying petroleum (30 years before Europe or the US)

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

Rubio & Folchi, 2012



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



Transition to higher quality energy carriers (l)

(More energy per unit of volume and weight, capacity to do useful work, flexibility, density, etc)



Transition to higher quality energy carriers (ll)

(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)



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



Energy intensity vs income per capita 1800-2010
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But...

the economy (GDP) growths faster than the energy consumption

(decoupling)
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Some countries have expanded GDP per capita
significantly:

Without increasing energy use per capita

Or even while energy use per capita has fallen

Evidence is that causality flows both ways



Do this help with the
present energy transition

SOme ‘essons e @ to a low carbon

economy?

Past energy transitions: * Increasing energy quality with

affected all aspects of the energy ~ NCOME.
systems: mix, quantity, quality, uses, * More income requires more

etc energy, but
accelerated over time * There exist a long term trend for

, decoupling (less energy per unit of
always occgrred at mid-to-low output) —partly due to higher
concentration levels. energy quality over time

Most energy carriers did not
decline in actual use when their

share decreased (but eventually
did!)



Transition:

the process (or a period )Jof changing from one state or condition to another.

Present
energy transitions

A fast pathway to a
low carbon energy
system
(away from fossils)



The transition to a low carbon economy

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



otal 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
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Global Access to Energy



Governance of the

transition:
society, policy and markets



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

Most
dificult

Easier

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



Technology may exist but...may not be adopted

(because of social, economic, political, ethical, philosophical reasons...)
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Energy supply

(about 1 million machines)

Billions of machines to be replaced all over the world

(fewer in the supply than in the demand side)

Energy Demand
(about 1 BILLION machines)

Adapted from: https://saulgriffith.medium.com/one-billion-machines-48a7c3cf0694



Transition:

the process (or a period )Jof changing from one state or condition to another.

Future
energy transitions

?

Will depend on how
the present one
comes about.



Cornucopians vs Degrothwers

two radically different views of the present energy transition
(and the future ahead)



Cornucopians vs



vs Degrowthers



he 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



Mar Rubio-Varas

Director

Institute for Advanced Research in Business and Economics (INARBE)
Universidad Publica de Navarra (UPNA)

Campus de Arrosadia, 31006 Pamplona, Spain

+34 948 16 9706

mar.rubio@unavarra.es



mailto:mar.rubio@unavarra.es

Further readings...

Csereklyei, Z. Stern, D.I. and, Rubio-Varas, M.d.M, 'Energy and Economic Growth: the stylized facts, Energy Journal, April 2016, 37,2, pp.223-256

Ducoing, C., Gales, B, Holsgens, R & Rubio-Varas, MdM (2019) 'Machines and Energy. Energy Capital ratios in Europe and Latin America 1875 - 1970'
Scandinavian Economic History Review. 67:1, 31-46: 10.1080/03585522.2018.1503968

Fouquet,lgé(%(())m), “Long run demand for energy services: income and price elasticities over 200 years.” Review of Environmental Economics and Policy 8(2)
-207.

Fouquet, R. (2016). “Historical energy transitions: Speed, prices and system transformation”. Energy Research & Social Science, 22: 7-12.
Fouquet, R., Pearson, P.J.G. (2012). “Past and prospective energy transitions: Insights from history”. Energy Policy 50: 1-7.

Gales, B., Kander, A., Malanima, P., Rubio, M.d.M. (2007). “North versus South: energy transition and energy intensity in Europe over 200 years”. European
Review of Economic History 11 (2): 219-253.

Griibler, A. (2004). Transitions in energy use. Encyclopedia of Energy 6, 163-177. Elsevier

Kander, A., Stern, D.l. and Rubio-Varas, M.éZOZO) ‘Energy Intensity: The Roles of Rebound, Capital Stocks, and Trade' in Ruth, M. (ed) A Research Agenda for
Environmental Economics, (Edward Elgar: MA) pp.122-141 ISBN978 1789900 40

Marchett3i4C5. (élggﬂ. “Primary Energy Substitution Models: On the Interaction between Energy and Society”. Technological Forecasting and Social Change 10:

Marcotullio, P. J., Schulz, N. B. (2007). “Comparison of energy transitions in the United States and developing and industrializing economies”. World
Development 35 (10): 1650-1683.

Rubio, M.diM., Fé)lc%i, I6V| (2012). “Will small energy consumers be faster in transition? Evidence from the early shift from coal to oil in Latin America”. Energy
Policy 50: 50-61.

Rubio-Varas, M. and Mufioz-Delgado, B. (2019), Long-term diversification paths and energy transitions in Europe, Ecological Economics, vol.163, pp.158-168
https://doi.org/10.1016/j.ecolecon.2019.04.025

Rubio-Varas, M. and Mufioz-Delgado, B. (2019), The Energy Mix Concentration Index (EMCI): Methodological considerations for implementation, MethodsX
Vol.6, pp.1228-1237 https://doi.org/10.1016/j.mex.2019.05.023

Rubio-Varas, M.d.M, 'The First World War and the Latin American transition from coal to petroleum',Environmental Innovation and Societal Transitions, (2019,
in press) https://doi.org/10.1016/j.eist.2018.03.002



http://www.google.com/url?q=http%3A%2F%2Fwww.iaee.org%2Fenergyjournal%2Farticle%2F2759&sa=D&sntz=1&usg=AOvVaw3rvs_sERNcHgRZMgmcU5EB
https://www.google.com/url?q=https%3A%2F%2Fwww.tandfonline.com%2Fdoi%2Ffull%2F10.1080%2F03585522.2018.1503968&sa=D&sntz=1&usg=AOvVaw3MYl3zl9JuGz8oZ3wL_Y12
http://www.google.com/url?q=http%3A%2F%2Fportal.research.lu.se%2Fportal%2Fen%2Fjournals%2Fscandinavian-economic-history-reveiw%28b6b16158-cac2-4b86-a4b4-fd5505640e4e%29%2Fpublications.html&sa=D&sntz=1&usg=AOvVaw0tb2HgMqUdQ_-valZRaZ5Q
https://www.google.com/url?q=https%3A%2F%2Fwww.tandfonline.com%2Fdoi%2Fpdf%2F10.1080%2F03585522.2018.1503968%3FneedAccess%3Dtrue&sa=D&sntz=1&usg=AOvVaw1yj7AxAQMlP_WA3aEerY9I
https://www.google.com/url?q=https%3A%2F%2Fwww.e-elgar.com%2Fshop%2Fgbp%2Fa-research-agenda-for-environmental-economics-9781789900040.html&sa=D&sntz=1&usg=AOvVaw0kMO7idgV0gTc0yolhQ9bH
https://www.google.com/url?q=https%3A%2F%2Fwww.sciencedirect.com%2Fjournal%2Fecological-economics&sa=D&sntz=1&usg=AFQjCNE135mxX9C-JPdQmgs2ZPMCHBHe9A
https://www.google.com/url?q=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.ecolecon.2019.04.025&sa=D&sntz=1&usg=AFQjCNHq6bD1wAvLzCx5s49wfy42Y7upeA
https://www.google.com/url?q=https%3A%2F%2Fwww.sciencedirect.com%2Fjournal%2Fmethodsx&sa=D&sntz=1&usg=AFQjCNHSPs5_DHSMWZWw-kYTB5TVEymPDw
https://www.google.com/url?q=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.mex.2019.05.023&sa=D&sntz=1&usg=AFQjCNE7WPQlBBP3Zx2huVWkL9a0UFn-RQ
https://www.google.com/url?q=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F22104224&sa=D&sntz=1&usg=AFQjCNGKYSO6i5m1VArk3AFgELg3DFYQAg
https://www.google.com/url?q=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.eist.2018.03.002&sa=D&sntz=1&usg=AFQjCNE1PvJ1i400anRbiME_MkSdb88N8w

