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INTRODUCTION
Increased efficiency in the use of energy will trigger a series of price and income effects that
result in cost-push or demand-led economic expansionary processes (depending on whether
efficiency improves on the production or consumption side of the economy). However, the
same set of processes will also generate rebound in energy use at the economy-wide level,
acting to partially offset expected energy savings in the more efficient activity. The question
then arises as to whether rebound is a necessary ‘evil’ that we must accept in order to enjoy
economic gains of increased energy efficiency. Or, are the possibilities for expansion due to
increased efficiency limited if we wish to maximise energy (and related emissions) savings?
Or, can economy-wide rebound effects from increased energy efficiency be reduced without
sacrificing macroeconomic benefits? We hypothesise that this may be possible if we focus on
energy-using service needs and consider increased efficiency in the production/delivery of a
less energy intensive competitor in the household consumption choice. That is, by changing
the composition of consumption - here with focus on the demand of UK households for mobility
and increasing the energy efficiency and attractiveness of less energy intensive (per person
mile) public over private transport options - the net economic welfare gains of increased energy
efficiency may preserved while reducing associated rebound effects.
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MODELLING APPROACH

We use a multi-sector economy-wide computable general equilibrium (CGE) model of the UK
economy, UKENVI, to simulate the impacts of a simple 10% increase in energy efficiency in the industry
that supplies road and rail public and freight transport services, ‘Road and Rail Transport’. We include
four energy types (with both domestic and imported supply): refined fuels, electricity, gas and coal. The
key assumption in our analysis is that private transport is a competing and relatively energy-intensive
substitute for the more efficient public transport provision (particularly in refined fuel, petrol and diesel,
use).1 Our simulations involve examining the impacts on a range of economic variables and economywide rebound in different energy uses if we vary just one parameter in the model. This is the elasticity
governing the extent to which households are prepared to substitute away from private in favour of
public transport as the relative price changes in favour of the (more energy efficient) public option.
COST-PUSH EXPANSION ACCOMPANIED BY ECONOMY-WIDE REBOUND EFFECTS
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The improvement in energy use in the UK ‘Road and Rail Transport
sector triggers a cost-push or productivity-led expansion. The reduced
cost of production is assumed to translate to a lower output price in the
sector, which spills forward through sectors that use transport services
as an input. Generally, the energy efficiency improvement translates to
a small but positive supply-side shock to the UK economy. Over time,
as the economy adjusts through accumulation of capital (we assume a
fixed national labour supply2) and there are positive impacts on all key
macroeconomic indicators, as illustrated in Figure 1.
However, while we find a net decrease in energy use in the more
efficient ‘Road and Rail Transport’ sector of 7.4%, this represents 36%
Figure 1. Key long-run macroeconomic impacts
(% change from base values) of a 10% increase
rebound on the technical improvement of 10%. Our main focus of atin energy efficiency in the UK ‘Road and Rail
tention, however, is the full economy-wide rebound. That is, how energy
Transport’ sector
use across the economy is impacted by the economic expansion. In
particular, we are interested in whether and how this may vary if the
more efficient public transport option becomes a more attractive competitor to private transport in
the consumption choice of UK households.
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DE-COUPLING ECONOMIC EXPANSION AND ECONOMY-WIDE REBOUND
We repeat our simulations varying just one element of model specification – the price elasticity of
substitution between public and private transport options in the household consumption choice (varying
from an inelastic value of 0.1 to an elastic value of 1.1). A crucial result emerges: all of the macroeconomic benefits (including but not limited to those in Figure 1) remain unchanged while the composition
of household consumption, specifically the composition of transport activity, is variable. Crucially, the
contribution to economy-wide rebound, particularly in refined fuel use, is reduced as we increase the
extent to which households respond to the increased competitiveness of the public transport option.
This is illustrated in Figure 2.
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POLICY IMPLICATIONS?
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The specific analysis presented here suggests that a key focus
for policy attention may be to encourage public transport to be17.377
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above. Then the key issue may be whether cost savings from
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be used to increase the attractiveness of public transport op1.405
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tions. This is an issue worthy of further investigation.
All energy use (standard deviation 2.905)
Refined fuel use (standard deviation 3.563)
However, our intention here is to consider a more general
Figure 2. Impact on long-run rebound effects (%) of
possibility. Research is required to assess whether the type of
varying elasticity of substitution between public and
result reported above would occur in a wider set of cases. That
private transport options in the household consumption
is, can the proposition presented here be more widely applied
choice
to consider the role of improving efficiency (not just in energy
use) and competitiveness of low carbon options in delivering a range of services? In particular, would
such a policy approach permit low carbon expansion with limited, and less harmful (in terms of emissions), rebound in energy use?
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Footnotes
Fuller explanation of the UKENVI CGE model and the simulations performed are reported in a
discussion paper available to download at http://strathprints.strath.ac.uk/56448/.
2
The qualitative nature of the results reported below is not sensitive to this assumption. See the
discussion paper in the previous endnote.
1

Bergen Overview (continued)

Summer School

The purpose of the first IAEE/NHH Summer School was to provide insight on the basics and principles of pricing and risks
of financial derivatives, and how prices and traded instruments can be used to assess and manage the energy price risk
exposure at the corporate level. Twenty-one delegates attended the Summer School over three days of intensive teaching. Professor Petter Bjerksund from NHH taught the course, Bjerksund`s research interests include capital budgeting,
investments, financial derivatives, risk management as well as real options. On Friday 17 June, the attendees were invited
to join a business visit at Bergen Energy AS. The aim of the visit was to present the core businesses of the company within
three segments: physical delivery of gas and electricity, financial products as well as the green certificates. Additionally,
Bjarte Myksvoll whom is currently working as a Senior Risk Analyst in Sparebanken Vest in Bergen gave a guest lecture on
the last day of lectures.
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