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Can exergy analysis give new insights to

o

energy use and rebound? UNIVERSITY OF LEED

1. Theissue: climate mitigation and thermodynamic failings of
mainstream energy economics

2. An alternative approach: using exergy analysis to study
economy-wide energy use and rebound



The problem: the need to reduce carbon emissions
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The ‘solution’: 1. energy reduction and 2. decarbonisation m
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Thermodynamic failings of mainstream

energy economics UNIVERSITY OF LEEDS

Key energy questions remain unanswered in relation to
wedge #1 (energy reduction):

1. How should we measure energy efficiency?
2. How large is the energy rebound effect?
3. How much energy will we need in the future?
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1. Theissue: climate mitigation and thermodynamic failings of
mainstream energy economics

2. An alternative approach: using exergy analysis to study
economy-wide energy use and rebound

 Qu. 1: Energy (exergy) efficiency
e Qu. 2: Energy rebound

* Qu. 3: Future energy demand



An alternative approach: Thermodynamic
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based exergy efficiency

Exergy is the usable part of energy

Useful exergy Is the minimum exergy input to achieve
task work transfer:
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Exergy analysis: methodology at

o

national-scale UNIVERSITY OF LEED

Wasted (i.e. unused)

Primary Energy Final Energy Useful Work | Energy Services
» Useful Work

Transformational (2nd |1
; |
law thermodynamic) "
losses over active |
device (e g. engine) & :
passive system (eg. |1
|

car
) |
|
|
|
|
|
|

Primary Exe TEY sl

Transformational
losses (e.g. power
station heat losses)

Exergy coefficient

Study boundary




Exergy analysis: methodology at

national-scale UNIVERSITY OF LEEDS

UK 2010 Primary exergy to useful work flow map
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Qu. 1: National-level energy efficiency:
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15% ceiling due to efficiency dilution UNIVERSITY OF LEED

Exergy efficiency China-US-UK 1971-2010
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Qu. 2: Energy rebound: missing from energy
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Qu. 2: Energy rebound — exergy approach may

unlock new rebound insights UNIVERSITY OF LEED}
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Qu. 3 — future energy forecasts: insights
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from exergy analysis UNIVERSITY OF LEED
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Qu. 3 — primary energy scenarios using

exergy approach
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Future energy (exergy) projections are currently

underestimated due to peaking of exergy efficiency
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Qu. 3 — primary energy scenarios using

exergy approach: results for China UNIVERSITY OF LEED
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Conclusions
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1. Given time issues, we need to be using all the tools in the
policy box.

2. Exergy-based studies suggest energy efficiency and
energy supply policies need to be account for:
« Efficiency dilution

 Energy rebound

3. Exergy analysis can be included in mainstream modelling
approaches: equilibrium, econometric, cost-optomisation.



Thank you for listening

Energy economists Exergy economists

» Brockway P.E., Barrett J.R., Foxon T.J. & Steinberger J.K. (2014) Divergence of trends in US and UK aggregate
exergy efficiencies 1960-2010. Environ. Sci. Technol. 48, pp.9874-9881 Available at DOI: 10.1021/es501217t

* Brockway P.E., Steinberger J.K, Barrett J.R. & Foxon T.J. (2015) Understanding China’s past and future energy
demand: An exergy efficiency and decomposition analysis. Applied Energy 155, pp.892-903 Available at DOI:
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