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Abstract

Energy and climate change policies are often strongly based on achieving energy efficiency targets.
These policies are supposed to reduce energy consumption and consequently, associated pollutant
emissions, but the Jevons paradox may pose a question mark on this assumption. Rebound effects
produced by reduction in costs of energy services have not been generally taken into account in
policy making (there is only one known exception). Although there is no scientific consensus about
its magnitude, there is consensus about its existence and in acknowledging the harmful effects it has
on achieving energy or climate targets. It is necessary to address the rebound effect through
behavioral, legal and economic instruments. This paper analyzes the main available policies to
minimize the rebound effect in households with special emphasis on economic instruments and,
particularly, on energy taxation.
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1. INTRODUCTION

Energy efficiency improvements are in many countries a key part of the strategy to reduce energy
consumption and to tackle global warming. This is based on the idea that energy efficiency
improvements lead to lower energy consumption and, consequently, to a reduction in the emission
of greenhouse gases (IPCC, 2007).

Governments invest much effort on national energy efficiency policies, both addressed to the
productive sector and to households, as part of the solution for environmental and energy
problems. These gains in efficiency, induced in part by technological progress, have also
contributed to promote economic growth while reducing resource consumption and emissions of
pollutants into the atmosphere. However, a rebound effect takes place, which is an increase in
energy consumption following an energy efficiency improvement. In extreme cases, when energy
efficient improvements lead to overall energy consumption increases, this is called Jevons paradox
(Jevons, 1865; Brookes, 1978; Khazzoom, 1980, 1987, 1989; Khazzoom and Miller, 1982; Greening
et al., 2000; and others).

This means that promoting energy efficiency, without additional measures, does not necessarily
produce energy savings nor reduce pollution or, in any case, reductions in energy consumption are
not proportional to the efficiency improvement. It is necessary to consider energy efficiency
measures in a broader context, defining its role within energy policy, and include additional
measures to minimize the rebound effect. This implies an explicit purpose and intention to reduce
resource consumption and pollutant emissions when applying energy efficiency measures.

The rebound effect is rarely taken into account in the official analysis of potential energy savings
from energy efficiency improvements, despite the recent interest of some organizations such as the
European Commission to begin to consider and minimize it (Maxwell ¢f 4/, 2011). An exception is
its consideration within the United Kingdom policy to improve the thermal insulation of
households. This provides for the possibility that some of the potential benefits of the measure will
result in higher internal temperatures, rather than reducing energy consumption (DEFRA, 2007).
But, direct rebound effect is usually ignored in most cases due to lack of knowledge, as are the
potential indirect and economy-wide effects.? These effects are more uncertain, although they could
be of greater magnitude than direct effects (Semboja, 1994; Dufournaud et al., 1994; Vikstrém,
2004; Washida, 2004; Glomsrod and Taojunan, 2005; Hanley ¢z /., 2006; Allan ez al.,, 2006; Barker ez
al., 2007).

When developing energy efficiency improvement policies, policy makers must begin to consider the
rebound effect explicitly. Energy policies are ineffective in terms of results achieved, if the rebound
effect is not taken into account. Furthermore, they involve high opportunity cost, because public
resources used in efficiency measures might be causing unwanted effects. In this sense, ex-post
analysis of the policies should be petformed in order to verify their actual effectiveness.

As discussed in this article, energy efficiency technology policies that cause higher direct rebound
effect require an additional control for other policy variables such as energy prices. It can be
addressed either through environmental taxation or other measures including: awareness,
information and consumer behavior or legal instruments.

If these additional measures are not implemented, the potential energy savings and carbon
emissions will be less effective. Although the rebound effect might not result in “backfire” (i.e. a
net increase in energy consumption), environmental taxation measures and the control of other
variables would lead to exploitation of the potential savings resulting from an energy efficiency
improvement; otherwise, the policy would lose effectiveness.

2 Indirect rebound effect is the increase in energy consumption by other goods and services due to an increase in
disposable income caused by energy efficiency improvements. Economy-wide rebound occurs when an energy efficiency
improvement produces changes in prices, quantities, incomes and other macroeconomic variables that lead to new general
equilibrium in the economy, increasing the overall energy consumption.



From several studies (Alfredsson, 2004; Druckman, ¢z a/.,, 2010; Freire-Gonzalez, 2011), it is known
that, although there is a low direct rebound effect, the re-spending effect of monetary savings
achieved from energy efficiency improvements could lead to higher indirect rebound effect.
Therefore, in these cases, it is also important to implement policies to control the rebound effect
that avoids a possible backfire and maximize the potential energy efficiency improvements.

From this perspective, some policies and measures that are being implemented in many countries
should be re-evaluated in order to improve energy efficiency. Direct rebound effect can be defined
as (Dimitropoulos and Sorrell, 2006):

7,(E) == 7, (8) = (15, (S) m.(P0)) | -1, M

where 5 (E) is the elasticity of demand for energy with respect to energy efficiency (or direct
rebound effect), 7, (S)is the elasticity of demand for useful work with respect to energy service
costs, 17, (S) is the elasticity of demand for useful work with respect to capital costs andy, (B,) is

the elasticity of capital costs with respect to energy efficiency.?

Equation (1) includes the capital costs of energy setvices in the mathematical formulation of the
direct rebound effect, that is, the cost of devices or technologies that provide the energy service. It
shows the potential rebound effect when carrying out energy efficiency policies on certain energy
services, such as subsidies to more efficient appliances, since they reduce the cost of devices (capital
COStS).

As shown in the equation, part of the rebound effect could be offset if new and more efficient
equipment would be more expensive (considering the sign of efficiency elasticity of capital costs,
since capital costs would increase), as long as the consumers assumed the entire cost of the energy
service. A subsidy policy, which makes efficient devices cheaper than inefficient appliances, may,
instead, amplify the rebound effect. This policy has been widely used to improve efficiency in
industrialized countries. In Spain, for instance, there have been several plans to improve efficiency
and to subsidize automobiles,* appliances, boilers, air conditioners or windows, among others
(IDAE, 2007; IDAE, 2010). In the latest plan (IDAE, 2010), a potential rebound effect was
considered. However, no additional policy to counteract it was implemented.

A consideration of all these aspects could lead to a reformulation of the national energy policy.
Policy actions are necessary to support efficiency, but additional actions are also required to control
the rebound effect. So a new energy policy framework should be established considering both
traditional measures of energy efficiency improvement and complementary actions to prevent
unwanted side effects.

Scholars have pointed out that there is some confusion in theoretical works on the rebound effect
and that empirical evidence is weak (Greening ¢z a/., 2000; Sorrell, 2007; Dimitropoulos, 2007). 1t is,
therefore, important to advance the theoretical and empirical analysis and to provide the best
arguments to policy makers, but also in the design and implementation of economic, legislative and
political instruments. These policies, taking into account this phenomenon, should allow the
achievement of desired goals in energy and environmental policy.

It is also necessary to consider that the rebound effect should not necessarily be an adverse effect.
If the goal of improving energy efficiency is strictly economic, that is, to promote economic growth
without considering energy consumption, the rebound effect would become a desirable result. This
is not the situation when the policy target of efficiency is to reduce energy consumption and

3 Technical aspects of this equation and different definitions can be found in Dimitropoulos and Sorrell (2006) and Sorrell
(2007).

4Also for road safety considerations.



pollution and to mitigate climate change. Notwithstanding, the policies to control the rebound
effect counteract economic growth. In this scenario, additional policies to control the rebound
effect are useful.

This paper investigates the main economic instruments and proposals that could deal with the
rebound effect in households. Section 2 shows the various kinds of policies and instruments
available to control the rebound effect in households. Section 3 shows the main economic
instruments, as well as a brief analysis of a possible tax to offset the rebound effect. Finally, Section
4 contains the main conclusions and suggestions for further research.

2. POLICIES TO CONTROL THE REBOUND EFFECT IN HOUSEHOLDS

The rebound effect is the result of the economic responses when there is a reduction of the cost of
provision of certain energy setrvices, due to an improvement of energy productivity of providing
energy services. Thus, many of the policies to control the rebound effect should aim at modifying
the behavioral responses of economic agents if an efficiency improvement takes place.

The first step consists in recognizing the existence of the rebound effect and the need to address it
when defining the objectives of energy policy to achieve a specific energy efficiency objective. In
recent years, steps are being made in this direction, as shown by the interest and acceptance by
official bodies like the European Commission (Maxwell e a/, 2011) and the European
Environment Agency (EEA, 2010). In Spain the Energy Efficiency and Conservation Plan for
2011-2020 IDEA, 2010) mentions the possibility of a rebound effect, unlike the previous plan,
which did not mention its possible existence (IDEA, 2007) even though in practice it does not
consider the rebound effects in the calculations of the savings produced by the previous plans.

The case of energy policies related to insulation of households, from the Department of Energy
and Climate Change (DECC) by the UK Government, is the only known example of the
consideration of direct rebound effect in the expected effects of a law. In this case, the United
Kingdom government includes a 15% reduction in the expected energy savings from insulation
measures in households in order to account for the direct rebound effect. Additionally, DECC
produced a guideline (DECC, 2010) and a spreadsheet® to account for the rebound effect on
policies to reduce energy consumption.

Moreover, it is necessary to establish consistent definitions and measures of the rebound effects
and to begin to introduce them in all the relevant fields, like households or industries, as well as for
all the energy services within these areas.

Levett (2009) suggests several reasons why rebound effect is difficult to consider by policy-makers:
the complexity and unpredictability of the phenomenon, the difficulty to obtain clear and unified
evidence, the co-evolution of technologies and societies, irreversibility, vicious and virtuous circles,
and other political reasons.

The non-achievement of energy efficiency targets identified by policy makers is sometimes
associated with the existence of direct rebound effect. Indirect rebound effect is often not identified
in these analyses, but it can also amplify the reduction of the effectiveness of these policies
(Alfredsson, 2004; Druckman, ¢ a/, 2010; Freire-Gonzalez, 2011). The inclusion of life-cycle
analysis in the evaluation of environmental policy would provide a more accurate vision of this
phenomenon, and the possibility of acting accordingly (Chapman, 1974; Herendeen and Tanak,
1976; Kok et al, 2006). As shown in several studies (Jalas, 2002; Carlsson-Kanyama ez al., 2005;
Cohen ¢t al., 2005; Takase et al., 2005), different consumption patterns involve different energy
content, not always obvious at first sight.

5t can be downloaded at (last accessed 24 July 2013):
r.decc.



http://www.decc.gov.uk/en/content/cms/about/ec_social_res/iag_guidance/iag_guidance.aspx

Although there is a lack of literature on the specific measures to minimize the rebound effect, three
main categories of action can be identified (Ouyang ef 4/, 2010; Ehrhardt-Martinez and Laitner,
2010; Maxwell ef al., 2011): measures designed to change consumer behavior through information
and awareness, regulatory instruments, and economic and energy taxation instruments. In practice,
an appropriate policy mix combining different sorts of instruments may be the most effective
option (OECD, 2005).

2.1. AWARENESS, INFORMATION AND CONSUMER BEHAVIOR

To counteract the rebound effect it is necessary to understand human behavior when modifying
prices and to propetly account for consumption patterns (DEFRA, 2007; UNEP, 2010; EEA,
2010).

There are many ways to improve consumer awareness and to guide consumer preferences to
encourage environmentally friendly consumption. One of the most used methods has been
advertising campaigns undertaken by governments to modify behavior and consumption patterns.
This can be included in the so-called “People-oriented initiatives” and could be important in
avoiding the rebound effect (Ehrhardt-Martinez and Laitner, 2008; Ehrhardt-Martinez and Laitner,
2010; Lutzenhiser, 2009; Meier, 2009).

It is also interesting to provide further information on energy consumption in households, and on
its cost and variations when taking certain energy saving actions, so it could encourage households
to reduce the use of energy even when rebound effect exists (Dimitropoulos, 2009). In this sense,
Darby (2006) shows how smart meters can influence behavior and reduce energy consumption,
offering consumers the possibility to voluntarily avoid direct rebound effect. Wright ez a/. (2000)
show how a better feedback on energy bills, that is, a better understanding of energy consumption
and costs of actions taken at households, can produce up to 10% savings in electricity consumption
for heating in cold climates.

Historically, however, in relation to energy and households, most campaigns have aimed at the
acquisition of more efficient appliances or at directly promoting energy saving measures in order to
reduce the overall consumption of energy which, as demonstrated, would not necessarily be
effective.

Additionally, it is necessary to consider the limitations of voluntary measures. In this context,
arguments such as the "tyranny of small decisions" (Odum, 1982) apply. He stated that the result of
many small decisions, end up resulting in unexpected and/or undesirable effects. Therefore, some
behavioral measures discussed to avoid direct rebound effect could not be completely effective. Sen
(1967) postulated the "isolation paradox" which suggests that, even though there is an established
socially altruistic behavior, there will always be someone who will not be well-behaved in relation to
the moral problems involved in behavioral measures to tackle the rebound effect.

In addition, it is important to consider other additional difficulties when implementing energy
efficiency measures, despite the advantages in economic and environmental terms they suppose in
principle. This is known in the literature as the "energy efficiency paradox”.

Although Linares and Labandeira (2010) recognize that the causes of this paradox are unclear and,
therefore, the policies that should be carried out are not clear either, they show the possible causes.
These are firstly market failures, and secondly, the lack of consideration of issues related to human
behavior and society. In summary, the authors point out the following reasons:

- Low prices of energy (in part, due to externalities not being considered).
- Higher than expected investment costs.
- Uncertainty and irreversibility of investments.



- Errors of information, including asymmetric information (impetfect or myopic).
- Limited rationality.

- Slowness of technology diffusion.

- Principal-agent problem.

- Capital market imperfections.

- Heterogeneity of consumers.

- Divergence between the social and private rates of discount.

2.2. LEGAL INSTRUMENTS

Together with awareness, it is important to make sure that consumers have appropriate and
sufficient information to make rational decisions. In this sense, new regulations should be
developed to pursue this goal.

Regulations should be focused on improving consumer information and on reducing energy
intensity of economic sectors through establishing limits or prohibitions on the use and
consumption of resources (Schneider, 2008) or on pollutant emissions (Sorrell, 2007), setting goals,
etc.

Regarding information, for example, and considering the re-spending effects on consumption
patterns of households, it is important that Governments develop specific legislation, and force
producers to carry out life-cycle analyses in terms of energy consumption, pollutants emissions or
other relevant environmental impacts of their products, and label them accordingly.¢

In addition, it would be important to know the destinations of the savings derived from energy
efficiency measures and associated financial products, with additional information on the total
energy consumption of these destinations in order to take decisions with higher levels of
information.

2.3. ECONOMIC INSTRUMENTS

Given the characteristics of the rebound effect, economic instruments and specifically
environmental taxation can play a key role in modifying behaviours and, therefore, preventing it or
minimizing its effects. There are difficulties in establishing a tax to compensate the rebound effect,
because it varies among technologies, sectors, countries and income groups, and there are no
estimates for all of them. But, it would be appropriate to develop an appropriate taxation
framework that considered and minimized the rebound effect when carrying out energy efficiency
policies.

The main objective of the taxation instruments would be to increase the costs of providing the
useful work of the various energy services, while improving efficiency. Similarly, the rebound effect
could also be minimized through energy prices policies. In effecting these steps, there is no
reduction in the cost of the energy service perceived by consumers (or its reduction is minimized)
and then they do not react by increasing its consumption (or increased consumption is also
minimized). Nevertheless, to ensure that energy efficiency improvements are adopted, taxation
would be on adopters and on non-adopters, creating thereby an incentive to energy efficiency.

At this point it is important to mention that, as Levett (2009) states, a tax or a prices measure that
tried to compensate the rebound effect could have perverse effects on incentives in technical
innovation in the sense that firms will not benefit from them, removing manufacturers’ incentive to

6 There is a vast literature on life cycle energy analysis which can be used to quantify the indirect rebound effects. A
special issue of Sustainability published in 2011 reported the state-of-the-art in this literature (Finkbeiner ez a/, 2010;
Brandio ez al., 2010; Acosta-Alba and Van der Werf, 2010; Halog and Manik, 2010).



improve efficiency. Those possible effects should be taken into consideration when implementing a
tax scheme to minimize the rebound effect.

Given the importance of avoiding the rebound effect, the next section will analyze these economic
tools in more detail, with a schematic analysis of a tax that would offset the rebound effect.

3. ECONOMIC INSTRUMENTS TO CONTROL THE REBOUND EFFECT

As mentioned in the previous section, economic instruments are important to counteract the
rebound effect. Specifically, taxation and price instruments in general, applied to energy have
special importance.

Rebound effect produces an undesirable increase in consumption. This increase is due to the
implicit reduction of the cost of the useful work of an energy service for the user. This means that
one can get the same amount of useful work at a lower cost, although the price of energy does not
change in the short term.

It is important to note that, depending on the different political targets, the best option should not
necessarily be to completely cancel the rebound effect. This should not be the case if, for example,
the objective of an energy efficiency policy would be economic growth. On the contrary, if the
objective was to translate energy efficiency into full reduction of energy consumption, it would be
necessary to offset it.

3.1. TAXATION CONSIDERATIONS TO ADDRESS DIRECT REBOUND
EFFECT

A taxation that fully counteracted the direct rebound effect would be one that compensated for the

reduction of cost due to the improvement of the energy efficiency. That is, a taxation that would

keep constant the generalized cost of providing useful work.

In formal terms and in terms of Dimitropoulos and Sorrell (2006), developments on the
methodological and theoretical aspects of the rebound effect, the price of the energy service Pis

equal to the price of energy P, in relation to energy efficiency &7
P.=P./¢ 2

In this case, taxation should compensate the increase of efficiency (&), i.e., increasing the price of
the energy service. Therefore, being 7 the tax, after the efficiency improvement, it should get:

P =(P.+t)/¢ 3

g=e

Moreover, the generalized cost of useful work, which theoretically would be relevant to the decision
of a rational consumer, can be defined as the sum of several components (Dimitropoulos and
Sorrell, 2000):

P,=R+P+P, +R, “4)

where P, is the generalized cost of useful work, B, are the annualized capital costs, P, are the

7 Energy efficiency here is measured in terms of the thermodynamic efficiency of a system providing an energy service.
Several measures can be, therefore, used. In the mathematical expression it is a dimensionless measure.



operating and maintenance costs, and P, are the costs in terms of time; P, includes all the costs of

providing the energy service.

Although the other components remain constant, the energy efficiency improvement produces a
reduction of the cost of the energy service and, therefore, of the generalized cost of useful work.
This is the cost at which individuals would increase the energy consumption of the service itself
and/or their available income would be increased. From equation (3):

t=-f¢'-P, ©)

From equation (3), the next expression can be obtained:

t= (5—1) P. ©)
&

After an increase of the efficiency, the tax would increase according to the proportion represented
by the new energy efficiency compared to the previous one.

The developed taxation would fully offset the direct rebound effect, leading to a maximum
effectiveness of the energy efficiency improvements. This would mean a reduction in energy
consumption and, therefore, a reduction in resource consumption and in emissions of greenhouse
gases.

It is also important to bear in mind that this tax has a different nature and could differ, being higher
or lower, from an optimal Pigouvian tax (Pigou, 1920), defined from the externalities caused by
energy consumption.

In relation to Levett (2009) and concerns on possible perverse effects of a possible tax to address
rebound effect, the proposed tax affects the cost of energy and, therefore, its effect on less energy-
efficient activities will be more significant than that on the most efficient ones, reinforcing
incentives towards technical innovation.

3.2. TAXATION CONSIDERATIONS IN ADDRESSING THE INDIRECT
REBOUND EFFECT

As demonstrated above, the taxation reasoning for the direct rebound effects only considers the
perspective of the final consumers (households). Even without considering economy-wide rebound
effects, it is necessary to consider a broader view and to analyze indirect effects.

Using a model to capture the re-spending effects that generates the indirect rebound effect (Freire-
Gonzalez, 2011), the new budget balance can be expressed as:

n

S (0) = y=(xcpe) -5, 0

i=1

where X; is the amount of the good 7, P; is the price of the good 7, X is the amount of energy and
P. is the price of energy. The purpose of taxation is that monetary energy spending after the energy

efficiency improvement remains the same as before the improvement, decreasing the amount of
energy consumed. Therefore:

(XEpE) :XE(pE +t) ®)



Introducing this tax in the price of energy, expression (7) would be like:

n

Z(xi pi) =y —Xe (P +t)-5 ©®)

i=1

This way, the re-spending effect in households would not occut, as the reduction in spending that
households make on the energy sector would be offset by an energy tax, which would maintain
consumption patterns and, therefore, would not produce indirect effects.

However, there would be an additional re-spending effect from the public expenditure that would
occur due to the revenue raised by the tax.

3.3. THE RE-SPENDING EFFECT OF PUBLIC SPENDING

As shown, an energy tax could be a useful tool to offset the reduction of the cost of the energy
services derived from energy efficiency improvements and, therefore, to avoid possible re-spending
effects. This is one source of indirect rebound effects; the other source would be the indirect
energy consumption in the life-cycle of capital needed to improve the efficiency (Sorrell, 2007).

However, one key aspect would be the way in which revenues obtained from the tax are spent,
since this would have several macroeconomic effects. It could cause distortions in the economy, an
income transfer from households to the public sector and an additional re-spending effect
produced by the destination of the public expenditure.

This new public sector spending (or savings), will generate, just as it would happen in households, a
re-spending effect that would lead to an indirect rebound effect. This confirms the impossibility to
completely remove the static direct and indirect rebound effect. Even, if there were perfect
information and a tax revenue intentionally and completely spent in the sector with a lower drag
coefficient in an input-output framework, there would be some rebound effect.

Notwithstanding, a correctly defined tax could minimize it. A possibility would be to conceive it as
earmarked, and revenues should be used to subsidize those households with the best environmental
practices, in terms of sustainable consumption or those industries (or companies) in sectors with
low drag coefficients in terms of energy consumption. Earmarked green taxes tend to benefit from
broader public acceptance, and this increases their political viability (European Environment
Agency, 2005).

One dynamic and revenue neutral instrument that could be used in this context to encourage the
productive sectors to reduce their energy intensity is a feebate® scheme (Davis ¢z a/., 1997, Puig-
Ventosa, 2004). Feebate systems aim at fostering those activities, practices or products that are
deemed more environmentally friendly at the expense of others that are less environmentally
friendly. They do so by means of a simultaneous use of both fees and rebates. In this case the less
energy efficient activities or services compared to the average would be charged a fee and the
collected amount would be transferred to the most ecological services in the form of rebates. These
systems could generate a continuous incentive to improve the energy intensities in purchasing
intermediate goods and services. Energy policymakers should be careful when implementing such a
measure as it could cause distortions in the economy such as changes in prices. It also could impact
different income levels unequally, and potentially increase other environmental impacts.
Furthermore, it affects the type of energy used, or has perverse incentives to innovation, etc.
Despite the theoretical suitability of the tax in terms of reducing the rebound effect and the energy
consumption globally, one of the main problems is that it could present redistributional issues, as it

8 Combination of fee and rebate.



may imply a transfer of income from households to firms. To prevent this issue, such a measure
could be accompanied by changes in direct taxation of households and firms.

These and other factors should be considered in depth before implementing such a measure. Ex-
ante and ex-post impact analysis techniques should be used in considering the most suitable policy
options in different scenarios.

Regarding implementation feasibility, there are difficulties in terms of information concerning the
magnitude of the direct rebound in different energy services, areas, income groups or over time.
Therefore, it is difficult to design a tax that effectively counteracts the reduction of the cost of
energy due to energy efficiency improvements in a particular area. However, it would be feasible to
complement the energy efficiency programs for specific energy services with taxation
considerations. Levett (2009) considers that the ideal taxes or energy prices to neutralize energy
efficiency rebound effects are unrealistic, but high and rising energy prices will strengthen those
feedbacks that will tend to reduce energy use, and weaken those feedbacks that will tend to increase
1t.

4. CONCLUSIONS

A thorough revision of energy policies aimed at reducing consumption of resources and tackle
global warming is necessary. As stated in the literature, policies to improve energy efficiency are less
effective than expected, because of the rebound effect. To be effective, policies must be
accompanied by other measures such as an effective communication and awareness of the citizens,
regulatory instruments and/or an appropriate taxation. An effective combination of traditional
efficiency measures with new policies oriented to tackle the rebound effect would maximize the
effectiveness of the policy objective of reducing energy consumption.

A tax to minimize the rebound effect would indirectly increase the cost of the energy service
through an increase of the energy price, hence the reduction of the cost from the improvement in
the energy efficiency would be offset by this energy price increase. This ensures that the demand of
the service does not increase and thus, direct energy consumption would be reduced as much as it
was expected to. Despite the difficulties of establishing a proper taxation, the use of these
instruments could compensate for the rebound effect and make energy efficiency measures more
effective.

A taxation policy aimed at tackling the rebound effect in households, for example an indirect tax to
compensate for the reduction of the cost of energy service due to efficiency improvements in
households, in addition to the appropriate spending policy, should be accompanied by an industrial
policy to foster the productive sectors to reduce their direct and indirect energy consumption.

An appropriate combination of various instruments could minimize indirect rebound effects in
households, because avoiding the monetary savings in houscholds prevents the increase in
consumption patterns due to improved efficiency. It is also necessary to include the rebound effect
in the ex-ante and ex-post analysis of energy efficiency policies, and into the models and
governmental programs.

This paper suggests the role of energy taxes to minimize the rebound effect. One of the most
important aspects that also has been highlighted is the relevance of the re-spending effect of the
revenue, which might in turn lead to an increase in energy consumption.

Most efforts in the rebound effect research have been oriented to methods and to obtain evidence
of its existence and magnitude. Although it is necessary to continue to advance in this direction, the
lack of research in relation to policies to address it, suggests a whole new area of possible research
with strong practical implications.

10



5. ACKNOWLEDGEMENTS

The authors wish to acknowledge the Comissionat per a Universitats i Recerca del Departament
d’Innovacid, Universitats i Empresa de la Generalitat de Catalunya, and Dr. Emilio Padilla Rosa,
Dr. Jordi Roca Jusmet and Dr. Gabriel Weber for their helpful comments and contributions to this
research.

6. REFERENCES

Acosta-Alba, 1., Van der Werf, HM.G. (2011), The Use of Reference 1 alues in Indicator-Based Methods for
the Environmental Assessment of Agricultural Systems. Sustainability 3, (2), 424-442.

Alfredsson, E. C. (2004), 'Green' consumption - no solution for climate change. Energy 29, 513-24.

Allan, G., Hanley, N., McGregor, P. G., Kim Swales, J., Turner, K. (20006), The nacroecononzic rebound
effect and the UK economy. Final report to the Department Of Environment Food and Rural Affairs,
Department Economics, University of Strathclyde.

Barker, T., Ekins, P., Foxon, T. (2007), Macroeconomic effects of efficiency policies for energy intensive
industries: the case of the UK Climate Change Agreements, 2000-2010. Energy Economics 29(5), 760-78.
Brandio, M., Clift, R., Mila i Canals, Ll, Basson. L. (2010), .4 Life-Cycle Approach to Characterising
Environmental and Economic Impacts of Multifunctional Land-Use Systems: An Integrated Assessment in the
UK. ” Sustainability 2, (12), 3747-3776.

Brookes, L. G. (1978), Energy policy, the energy price fallacy and the role of nuclear energy in the UK. Energy
Policy 6, 94-106.

Carlsson-Kanyama, A., Engstrom, R., Kok, R. (2005), Indirect and direct energy requirements of city
honseholds in Sweden. Journal of Industrial Ecology 9(1-2), 221-236.

Chapman, P. (1974). Energy costs: a review of methods. Energy Policy 2 (2), 91-103.

Cohen, C., Lenzen, M., Schaeffer, R. (2005). Energy requirements of housebolds in Bragil. Energy Policy
33, 555-562.

Darby, S. (2006). The effectiveness of feedback on energy consumption. A Review of Defra of the literature on
metering, billing and direct displays. University of Oxford.

Davis, W.B., Levine, M.D. Train, K.E. (1997), Fees and rebates on new vehicles: impacts on fuel efficiency,
carbon dioxide emissions, and consumer surplus. Transportation Research E (Logistics and Transportation
Review) 33 (1), 1-13.

DECC (2010), Valnation of energy use and greenhouse gas emissions for appraisal and evaluation. Department
of Energy and Climate Change. UK Government.

DEFRA (2007), Consultation document: energy, cost and carbon savings for the draft EEC 2008 - 11 illustrative
mix, Department of Environment, Food and Rural Affairs, London.

Dimitropoulos, J. (2007), Energy productivity improvements and the rebound effect: An overview of the state of
knowledge. Energy Policy 35(12), 6354-6363.

Dimitropoulos, J. (2009), Energy Consumption, Behaviour Change and the Rebound Effect. Bebhaviour change
Sfor a more sustainable London. London Sustainability Exchange. September 10, 2009.

Dimitropoulos, J., Sorrell, S. (20006). The Rebound effect: Microeconomic Definitions, Extensions and
Limitations. Proceedings of the 29th IAEE International Conference, Potsdam, Germany.
Druckman, A., Chitnis, M., Sorrell, S., Jackson, T. (2010). A#n investigation into the rebound and backfire
effects from abatement actions by UK housebholds. Working Paper Series 05-10, University of Surrey.
Dufournaud, C.M., Quinn, J.T., Harrington, |.J. (1994), An applied general equilibrium (AGE) analysis of
a policy designed to reduce the household consumption of wood in the Sudan. Resource and Energy Economics
16, 69-90.

EEA (2010). The European environment - state and outlook 2010: consumption and the environment. BEuropean
Environment Agency, Copenhagen, November 2010.

Ehrhardt-Martinez, K., “Skip” Laitner, J.A. (2008). The Size of the U.S. Energy Efficiency Martket:
Generating a More Complete Picture. Washington, DC: American Council for a More Energy-Efficient
Economy.

Ehrhardt-Martinez, K., “Skip” Laitner , J.A. (2010), Rebound, Technology and People: Mitigating the
Rebound Effect with Energy-Resonrce Management and People-Centered Initiatives. 2010 ACEEE Summer

11



Study on Energy Efficiency in Buildings.

European Environment Agency (2005). Market-based instruments for environmental policy in
Europe EEA Technical report No 8/2005.

Finkbeiner, M., Schau, E.M., Lehmann, A., Traverso, M. (2010), Towards Life Cycle Sustainability
Assessment. Sustainability 2, (10), 3309-3322.

Freire-Gonzalez, J. (2011), Methods to empirically estimate direct and indirect rebound effect of energy-saving
technological changes in housebolds. Ecological Modelling 223 (1), 32-40.

Glomsred, S., Taojuan, W. (2005), Coal cleaning: a viable strategy for reduced carbon emissions and improved
environment in China? Energy Policy 33, 525-542.

Greening, L. A., Greene, D. L., Difiglio, C. (2000), Energy efficiency and consumption - the rebound effect - a
survey. Bnergy Policy, 28, 389-401.

Halog, A., Manik, Y. (2011), Advancing Integrated Systems Modelling Framework for Life Cycle Sustainability
Assessment. Sustainability 3, (2), 469-499.

Hanley, N.D., McGregor, P.G., Swales, ].K., Turner, K.R. (20006), The impact of a stimulus to energy
efficiency on the economy and the environment: a regional computable general equilibrium analysis. Renewable
Energy 31, 161-171.

Herendeen, R., Tanak, J. (1976), The energy cost of living. Energy 1(2), 16578,

IDAE (2007). Plan de Accion 2008-2012 de la Estrategia de Aborro y Eficiencia Energética en Espara.
Ministerio de Industria, Turismo y Comercio. Gobierno de Espafia.

IDAE (2010). Plan de accién de ahorro y eficiencia energética 2011-2020. Ministerio de Industria, Turismo
y Comercio. Gobierno de Espafa.

IPCC (2007). Climate Change 2007. IPCC Fourth Assessment Report (AR4).

Jalas, M. (2002), A time wuse perspective on the materials intensity of consumption. Ecological Economics
41(1), 109-123.

Jevons, W. S. (1865), The Coal Question. London: Macmillan and Co.

Khazzoom, |.D. (1980), Economic Implications of Mandated Efficiency Standards for Household Appliances.
Energy Journal 1, 21-39.

Khazzoom, ].D. (1987), Energy savings from the adoption of more efficient appliances. Energy Journal 8(4),
85-89.

Khazzoom, J.D. (1989), Energy savings from more efficient appliances: a rejoinder. Energy Journal 10(1),
157-165.

Khazzoom, ].D., Miller, S. (1982), Economic implications of mandated efficiency standards for housebold
appliances: response to Besen and Jobnson's comments. Energy Journal 3(1), 117-124.

Kok, R., R. M. J. Benders, Moll, H.C. (20006), Measuring the environmental load of housebhold consumption
using some methods based on input—ontput energy analysis: A comparison of methods and a discussion of results.
Energy Policy 34(17), 2744—61.

Levett, R. (2009), Rebound and Rational Public Policy-Making. In: Ewnergy Efficiency and Sustainable
Consumption: The Rebound Efffect. Herring, H. and Sorrell. S. (eds.). New York: Palgrave Macmillan (St.
Martin’s Press).

Linates, P., Labandeira, X. (2010), Energy efficiency: economics and policy. Journal of Economic Surveys
24 (3), 573-592.

Lutzenhiser, L. (2009). Behavioral Assumptions Underlying California Residential Sector Energy Efficiency
Programs. Prepared to: CIEE Behavior and Energy Program. Oakland, CA: CIEE.

Maxwell, D., Owen, P., McAndrew. L, Muchmel, K. Neubauer, A. (2011), Addressing the Rebound
Effect. European Commission DG Environment.

Meier, A. (2009). How one city cut its electricity use over 30% in six weeks. Proceedings of the European
Council for an Energy-Efficient Economy Summer Study.

Odum, W. (1982), Environmental degradation and the tyranny of small decisions. BioScience 32 (9), 728-729.
Organisation for Economic Co-operation and Development (OECD) (2005). The Use of Multiple
Policy Instruments for Environmental Protection: An Economic Perspective. ENV /EPOC/WPNEP (2005) 5.
Ouyang |, Long, E., Hokao, K. (2010), Rebound effect in Chinese household energy efficiency and solution for
mitigating it. Energy 35 (12), 5269-5276.

Pigou, A. C. (1920), The economics of welfare. Macmillan, London.

Schneider, F. (2008), Macroscopic rebound effects as argument for economic de growth, Ecological Sustainability
and Social Equity. Paris.

Puig-Ventosa, 1. (2004), Potential use of feebate systems to foster environmentally sound urban waste management.

12



International Journal of Integrated Waste Management 24, 3-7.

Semboja, H.H.H. (1994), The ¢ffects of an increase in energy efficiency on the Kenyan economy. Energy Policy,
March 1994, 217-225.

Sen, AK. (1967), Isolation, Assurance, and the Social Rate of Discount. Quarterly Journal of Economics
81, 112-124.

Sorrell, S. (2007), The rebound effect: an assessment of the evidence for economy-wide energy savings from improved
eneryy efficiency. UK Energy Research Centre. October, 2007.

Takase, K.Y., Kondo, K. Washizu, A. (2005), An analysis of sustainable consumption by the waste input—
output model. Journal of Industrial Ecology 9 (1-2), 201-219.

UNEP (2010), Assessing the Environmental Impacts of Consumption and Production: Priority Products and
Materials, A Report of the Working Group on the Environmental Impacts of Products and
Materials to the International Panel for Sustainable Resource Management.

Hertwich, E., van der Voet, E., Suh, S., Tukker, A., Huijbregts M., Kazmierczyk, P., Lenzen, M.,
McNeely, J., Moriguchi, Y., Vikstrom, P. (2004). Energy efficiency and energy demand: a historical CGE
investigation on the rebound effect in the Swedish economy 1957, paper presented at: Input-Output and
General Equilibrium Data, Modelling and Policy Analysis, Brussels, 2-4 September.

Washida, T. (2004), Economy-wide model of rebound effect for environmental policy, article presented at:
International Workshop on Sustainable Consumption, University of Leeds, 5-6 March.

Wright A.J., Formby J. R. Holmes, S.J. (2000), .A Review of the Energy Efficiency and Other Benefits of
Adpanced Utility Metering. EA Technology.

13



	1. INTRODUCTION
	2. POLICIES TO CONTROL THE REBOUND EFFECT IN HOUSEHOLDS
	2.1. AWARENESS, INFORMATION AND CONSUMER BEHAVIOR
	2.2. LEGAL INSTRUMENTS
	2.3. ECONOMIC INSTRUMENTS

	3. ECONOMIC INSTRUMENTS TO CONTROL THE REBOUND EFFECT
	3.1. TAXATION CONSIDERATIONS TO ADDRESS DIRECT REBOUND EFFECT
	3.2. TAXATION CONSIDERATIONS IN ADDRESSING THE INDIRECT REBOUND EFFECT
	3.3. THE RE-SPENDING EFFECT OF PUBLIC SPENDING

	4. CONCLUSIONS
	5. ACKNOWLEDGEMENTS
	6. REFERENCES

