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Executive Summary

The concept of energy sufficiency is gaining increasing attention as a potentially
promising approach to mitigating climate change. However, there is no single agreed
definition of energy sufficiency. Some authors consider energy sufficiency to be a particular
level of energy service consumption that is consistent with human well-being and
environmental limits. Others consider it to be a reduction in energy service consumption
that has the effect of reducing the energy and environmental impacts of that consumption -
an interpretation that is similar to the older concept of energy conservation. Example
energy sufficiency actions include turning lights off in unoccupied rooms, lowering
thermostats, avoiding air travel and cycling rather than driving to work. While both
definitions have their merits, the former is more contentious and is harder to
operationalise. As a result, this report primarily uses the latter definition.

The potential for energy sufficiency to reduce energy use and emissions is gaining
increasing attention. One reason is that improvements in energy efficiency have not
reduced energy consumption by as much as anticipated. This is partly due to various
rebound effects — namely behavioural responses to improved energy efficiency that offset
some of the potential energy and emission savings. For example, people may take the
benefits of improved insulation in the form of warmer homes rather than reduced energy
consumption (a direct rebound effect), or they may spend the cost savings on other goods
and services that also require energy and emissions to provide (an indirect rebound effect).
The evidence on the size of such rebound effects has grown substantially over the last
decade and their importance for energy and climate policy has become increasingly
recognised.

This report explores the relationship between rebound effects and energy sufficiency.
Specifically, the report: a) identifies the source and magnitude of rebound effects from
improved energy efficiency; b) suggests ways in which energy sufficiency actions could
reduce these rebound effects and thereby increase energy and carbon savings; and c)
investigates how energy sufficiency actions can lead to rebound effects of their own. This
leads to some conclusions on the effectiveness of energy sufficiency actions and the
implications for public policy. The report combines insights from economics and social
psychology and argues that both of these perspectives are required to fully understand the
relevant issues. The main findings of the report are as follows:

First, the rebound effects from energy efficiency improvements are frequently large and
should be taken into account by public policy. For example, studies of measures affecting
vehicle fuel use suggest that the direct rebound effect averages around 32% in the long run,
implying that one third of the expected energy savings will not be achieved. While the
majority of empirical studies focus on the direct rebound effect, the indirect and other
effects can be comparable in magnitude and will further erode the energy and emission
savings.
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Second, it is wrong to conclude that rebound effects are undesirable, since the mechanisms
involved contribute to improved societal welfare. Whether rebound effects are a problem in
particular instances will depend upon the size of the associated welfare benefits relative to
the environmental costs of the ‘lost’ energy savings. This is a difficult judgement to make,
particularly when energy prices do not adequately reflect the external costs of energy
consumption.

Third, consumers may limit the rebound effects from improved energy efficiency by
restricting their consumption of the relevant energy service(s) and/or ensuring that the cost
savings are spent on non-energy-intensive goods and services. For this to be effective,
consumers must be highly motivated to reduce their environmental footprint and have a
good understanding of relative impacts of different activities. However, effective measures
to reduce rebound effects may also be incentivised or enforced by public policy.

Fourth, energy sufficiency actions are themselves associated with indirect rebound effects
as a consequence of re-spending the associated cost savings. Evidence suggests that these
effects are modest (e.g. 10%) for actions affecting electricity use and heating, larger (e.g. 20-
40%) for those affecting transport fuels and very large (e.g. 60-100%) for those affecting
food products. Shifting to a vegetarian diet, for example, could potentially contribute to an
increase in global greenhouse gas emissions. The evidence also suggests that indirect
rebound effects are larger for low-income groups and proportional to the level of taxation
on the energy carrier. However, estimates of the size of these effects are highly uncertain
and sensitive to the methodology and metric employed (e.g. energy use, carbon emissions
or GHG emissions) and to the national context (e.g. average carbon intensity of electricity
generation).

Fifth, studies of the psychological drivers of sufficiency actions show that if people engage
in environmentally-friendly actions in one area they may consider that they have ‘moral
licence’ to be less environmentally responsible in other areas. This provides an additional
source of rebound effect and one that is potentially important. This type of rebound effect is
more commonly labelled ‘negative spill-over’ and appears more likely to occur when people
have weak environmental values, when the initial action is relatively easy, and when that
action is motivated by either guilt or financial gain. Conversely, negative spill-overs appear
less likely to occur when people have strong environmental values, when the initial action is
relatively difficult and when that action is motivated in part by concerns about
environmental identity. In the latter circumstances, a ‘positive spill-over’ may be observed
instead - namely where an environmentally responsible behaviour in one area encourages a
subsequent environmentally responsible behaviour in another area. The balance between
positive and negative spill-overs will have an important influence on the effectiveness of
sufficiency actions.

Sixth, a more comprehensive approach to energy sufficiency is voluntary ‘downshifting’:
that is, reducing household income through either moving to a lower paid (but more
satisfying) job or reducing working hours. Downshifting should reduce household
consumption and thereby the environmental impacts of that consumption. But
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downshifting will also shift expenditure and time-use patterns in complex ways that could
lead to a less than proportionate reduction in energy use and emissions. Also, widespread
adoption of downshifting will lead to reductions in energy prices which in turn will
encourage other groups to increase their energy consumption, as well as having complex
and potentially negative impacts on the broader macro-economy. These considerations
point to the limitations of a voluntary, bottom-up approach to energy sufficiency and to the
corresponding importance of collective action.

Finally, the most effective way to mitigate rebound effects is likely to be through some form
of carbon pricing. In principle, this could incentivise efficiency improvements and
sufficiency actions, while at the same time mitigating any associated rebound effects and
protecting low-income groups. The preferred approach would be an economy-wide scheme
with revenue recycling that incorporates border carbon adjustments to capture the
emissions embodied in traded goods. But carbon pricing schemes need to be supplemented
by other policy instruments, including energy efficiency regulations and information
programs. There is scope for designing these in such a way as to provide a disincentive to
certain types of rebound effects.
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1 Introduction

The concept of energy sufficiency is gaining increasing attention as a promising
approach to mitigate climate change. However, there is no single agreed definition of
energy sufficiency. Some authors consider energy sufficiency to be a particular state or
outcome defined by a level of energy service consumption that is consistent with both
human well-being and environmental limits, while others consider it to be a direction
defined by reduction in energy service consumption that also reduces the associated
environmental impacts. In this report, we use the latter approach and define energy
sufficiency as: reductions in the consumption of energy services, that have the aim of
reducing the energy use and environmental impacts associated with those services.
Examples include turning lights off in unoccupied rooms, lowering thermostats, avoiding
air travel and cycling rather than driving to work. As such, energy sufficiency is analogous
to what used to be termed ‘energy conservation’. Since we assume that energy sufficiency is
motivated by environmental values, it may also be considered a particular form of ‘pro-
environmental behaviour’ [1]. Sufficiency actions may be undertaken by individuals or
organisations, and may be either encouraged or obstructed by public policy.

This report is one of a series of reports on the topic of energy sufficiency prepared for
European Council for an Energy Efficient Economy (ECEEE), with the help of funding from
the KR Foundation. The current report examines the relationship between energy
sufficiency and rebound effects. The term rebound effect normally refers to various
behavioural responses to improved energy efficiency, whose net result is to reduce the
energy savings achieved [2]. For example, people may take the benefits of improved
insulation in the form of warmer homes rather than realising the full potential reductions in
energy consumption. One aim of this report is to describe the nature and magnitude of
rebound effects from energy efficiency improvements and to assess the potential for energy
sufficiency actions to limit those effects and thereby to increase energy savings. But a
second aim is to explore the potential for rebound effects from the energy sufficiency
actions themselves. For example, the money saved from giving up air travel may be spent
on other goods and services that also require energy and emissions to provide, thereby
offsetting some of the global energy and emission savings. Hence, while energy sufficiency
actions may mitigate rebound effects, rebound effects may reduce the environmental
benefits of energy sufficiency actions.

A key objective of this report is to combine insights from economics and social psychology
and to show how both perspectives are required to fully understand the determinants and
consequences of sufficiency actions. While economic studies use the term rebound effects,
psychological studies use the term negative spill-overs [3]. There are overlaps between
these two concepts, but also important differences. Moreover, both rebound effects and
spill-overs may be associated with either energy efficiency improvements or energy
sufficiency actions - a distinction that is summarised in Table 1.
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Table 1. Rebounds and spill-overs

Energy efficiency Energy sufficiency action
improvement
Economic perspective Efficiency rebounds Sufficiency rebounds
Psychological perspective Efficiency spill-overs Sufficiency spill-overs

Rebound effects and negative spillovers reduce the energy savings from both energy
efficiency improvements and sufficiency actions, and thereby their associated
environmental benefits. As a result, they are frequently judged negatively - as something to
be minimised. But this view is misleading since it ignores the wider benefits provided those
improvements and actions. For example, insulation improvements in low-income
households may be associated with relatively large rebound effects since the occupants may
take the benefits in terms of warmer homes rather than energy savings. But the improved
insulation may nevertheless improve aggregate social welfare since the occupants are longer
cold and ill. Whether rebound effects are judged to be a problem in particular instances will
therefore depend upon the size of the benefits to consumers and producers relative to the
environmental costs of the ‘lost’ energy and emission savings.

The following sections explore the sources of rebound effects and spill-overs, the different
mechanisms involved, the factors influencing their magnitude and the available evidence on
their importance in different contexts. The report focuses entirely on sufficiency actions by
households, since the literature on sufficiency actions by firms and other organisations is
very limited. While most of the discussion relates to actions affecting the direct
consumption of energy by households (e.g. for heating and lighting), the report also
discusses broader actions that have indirect consequences for energy use and emissions,
such as shifting to a vegetarian diet.

The report is structured as follows. Section 2 describes the sources, types and drivers of
rebound effects from energy efficiency improvements and summarises the evidence on their
magnitude. Section 3 introduces the concept of energy sufficiency, provides examples of
sufficiency actions, discusses whether such actions can reduce the rebound effects from
energy efficiency improvements and presents some broader evidence on the psychological
drivers of sufficiency actions. Section 4 examines the potential for both rebound effects and
spill-overs from sufficiency actions, including the drivers and determinants of those effects
and the limited evidence that is available on their magnitude. Section 4 concludes by
highlighting some relevant policy implications.
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2 What are rebound effects?

2.1 Introduction

Complex systems exhibit adaptive and emergent behaviour that is difficult to capture with
scientific models — and much less with the simple ‘mental models’ that guide everyday
decision-making. While our models of system behaviour are frequently static, reductionist
and linear; the systems themselves are dynamic, path-dependent and non-linear, with
behaviour driven by multiple interdependencies and time-delayed feedback loops. As a
result the long-term consequences of actions and interventions may differ radically from
those that were intended or expected - and the system responses may confound the original
objectives [4]. For example, roadbuilding programmes designed to reduce congestion may
lead over time to greater car use and more congestion. Vehicle safety measures may
encourage people to drive more aggressively, thereby offsetting their benefits. Large-scale
use of pesticides and herbicides may encourage the evolution of resistant pests. And so on

[4].

These types of outcome are highly relevant to individual or collective action to promote
sustainability — especially when (as is commonly the case) attention is focused upon local
impacts over the short term when what matters is the regional or global impacts over the
long-term. Improving energy efficiency to reduce energy use and carbon emissions is a
primary example. Such improvements can lead to a variety of responses - termed rebound
effects - whose net result is to reduce the energy and emissions ‘saved’ relative to a
counterfactual where such responses do not occur [2]. Indeed, the introduction of certain
types of energy efficient technology in the past appears to have contributed to an overall
increase in energy consumption - the so-called Jevons’ paradox [5].

The following sections describe the sources, classification and determinants of these
rebound effects from improved energy efficiency, and summarises the available evidence on
their magnitude in different contexts.

2.2 Types of rebound effect

Rebound effects are commonly analysed from the perspective of orthodox economics. This
considers the primary source of rebound effects to be the response of individuals and
organisations to the economic opportunities offered by cheaper energy services such as
more efficient heating and lighting. These responses involve a number of different
economic mechanisms operating at different levels and over different periods of time. As an
illustration, consider some possible responses to improvements in the average fuel
efficiency of passenger cars (Error! Reference source not found.):

1. Direct effects: fuel-efficient cars make car travel cheaper, so people may be encouraged
to buy more cars and to drive those cars further and/or more often [6];

2. Indirect effects: fuel-efficient cars may lead to reduced expenditure on road fuels, but
the cost savings will be spent on other goods and services whose provision necessarily
involves energy use and emissions at different stages of their global supply chains [7-9];

3. Embodied effects: fuel-efficient cars may embody technological improvements such as
lightweight materials that can be more energy intensive to produce, with the result that
the life-cycle energy savings may be less than the operational energy savings [7];

4. Service quality effects: technical improvements such as better aerodynamics and more
efficient engines may encourage the purchase of larger, heavier, more powerful and
more comfortable cars, rather than more fuel-efficient cars [10,11];

5. Energy market effects: widespread adoption of fuel-efficient cars may reduce fuel
demand, thereby reducing fuel prices which in turn will encourage increased fuel
consumption within national and global markets [12];

6. Secondary effects: widespread adoption of fuel-efficient cars will induce changes in
prices, investment, production and trade in multiple markets, which will have
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corresponding impacts on energy consumption both within the national economy and
along international supply chains [13,14];

7. Transformational effects: widespread adoption of fuel-efficient vehicles may make car
travel increasingly attractive relative to other transport modes, thereby deepening the
‘lock-in’ to the car-based transportation system and triggering associated and
reinforcing changes in infrastructure, land use patterns, institutions, regulations, supply
chains and social practices [5,15].

: T : Evolving infrastructure, land use, industries,
Reinforcing ‘socio-technical :
; p norms, practices etc. that entrench car
system’ of automotive transport ——
dependence and displace alternatives

Embodied energy Changing prices,

investment,
employment, trade etc.
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Figure 1. Rebound effects from more fuel-efficient vehicles

Although these mechanisms are complex, they by no means exhaust the range of
possibilities - not least because factors that are neglected by orthodox economics may also
play a crucial role. For example, people may have environmental motivations for
purchasing a fuel-efficient car, since it should reduce their transport-related carbon
emissions. But evidence suggests that if people engage in environmentally responsible
behaviour in one area (e.g. purchasing a fuel-efficient car) they may consider that they have
‘moral licence’ to engage in less environmentally responsible behaviours in other areas (e.g.
more flying). These broader mechanisms are termed negative spill-overs by environmental
psychologists and they both overlap with the mechanisms discussed above and provide an
additional source of rebound. They are discussed further in Section 4.

Beginning with Khazzoom [16], a growing number of studies have sought to estimate or
model one or more of the above effects in different circumstances using a variety of
techniques [2]. Quantification is challenging, however, and the causal linkages become
increasingly difficult to establish as the time horizon extends and spatial boundaries
expand. Most studies focus solely upon direct rebound effects, with the determinants and
magnitude of other effects receiving less attention. Studies also focus primarily upon
consumer behaviour, although a comparable set of responses will result from energy
efficiency improvements by producers. Since the latter can improve productivity, boost
economic output and encourage economic growth, they may potentially be associated with
larger rebound effects [2,5]. But this report will focus solely upon rebound effects for
consumers, as these are better understood and more relevant to the topic of energy
sufficiency.

2.3 Classifying rebound effects

The rebound effect (R) is commonly defined as the gap between the potential (PES) energy
savings from an energy efficiency improvement and the actual energy savings (AES):
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r=[1-AES )
PES

Potential energy savings are estimated ex ante under the assumption that there are no
behavioural responses to the efficiency improvement, while actual energy savings are
measured or estimated ex-post and include one or more of the behavioural responses
indicated above. So for example, a rebound effect of 20% (R=0.2) means that one fifth of
the potential energy savings have been ‘taken back’ by one or more of the above responses.

It is common to distinguish between direct and indirect rebound effects:

Direct rebound effects derive from increased consumption of the energy service, such as
heating or lighting, whose effective price has fallen as a result of improved energy efficiency.
For example, the availability of energy efficient washing machines may encourage people to
buy more washing machines, to buy larger machines, to use them more frequently and/or
to reduce the size of the average load. As a result, energy consumption will be larger than in
a counterfactual scenario in which none of these behavioural responses occur. The
magnitude of these effects is likely to depend upon both the size of the energy-related costs
and the ‘visibility’ of those costs to the consumer. So for example, we may expect a larger
direct rebound effect from energy efficient vehicles than from energy efficient vacuum
cleaners since the energy costs of the former are both larger and more visible to the
consumer. At the same time, the direct rebound effect may be inversely proportional to the
level of consumption of the energy service, since the marginal utility from that service will
fall with increased consumption. So for example, we may expect a smaller direct rebound
effect among high-income households since these tend to be nearer to saturation in their
consumption of (at least some) energy services. Note further that increased demand for
energy services may either derive from existing users of that service or from new users who
were previously unable or unwilling to purchase the relevant equipment. So for example,
improvements in the energy efficiency of space cooling may encourage some households to
replace their existing equipment and to use the new equipment more intensively, as well as
encouraging other households to purchase space cooling equipment for the first time.

Indirect rebound effects derive from re-spending the cost savings from energy efficiency
improvements on other goods and services (e.g. leisure, clothing) that also require energy to
provide (e.g. from production of materials, manufacture of products, shipping, road freight,
retail), and hence also lead to greenhouse gas (GHG) emissions. For example, the cost
savings from more energy efficient lighting may be put towards the purchase of a laptop
that has been made in China and shipped to the UK. Alternatively the money could be
saved, but it will ultimately lead to energy use and emissions through deferred spending. In
principle, we expect higher direct rebound effects to be associated with lower indirect
rebound effects, and vice versa.

Most estimates of indirect rebound effects are ‘economy-wide’ in that they relate to energy
use and emissions throughout the national economy, and frequently along global supply
chains as well. These effects are typically estimated with the help of input-output (I-O)
models that are calibrated to the structure of the national or global economy. However, I-O
models are ‘static’ in that they do not allow for price adjustments in the relevant product,
labour and capital markets. Perhaps the most important of these adjustments will occur in
energy markets, where the widespread adoption of energy efficiency improvements can
reduce regional and global energy prices and thereby encourage increased energy
consumption. But other adjustments may also occur, such as increased consumption of
non-energy goods that raises the price of those goods and encourages increased investment
by producers. These broader macroeconomic adjustments are sometimes labelled
secondary effects and will also affect energy use and emissions at both the regional and
global level.

It is important to make the following distinctions:

« Energy versus total costs: Energy efficiency improvements reduce the energy cost of
energy services, but not necessarily the total cost since this also includes capital,
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maintenance and non-energy operational costs.! For example, LED lighting is more
energy efficient than traditional lighting and cheaper to run, but the individual
lightbulbs may be more expensive to purchase. Whether the lifetime costs of LED
lighting are lower than traditional lighting will depend upon the relative intensity of use
of each technology (hours per year) and the relevant discount rate. The magnitude of
rebound effects will therefore depend upon the total cost of the energy efficient
technology and how decisions about purchasing and operating that technology are
influenced by different components of that cost. This in turn will depend upon whether
the adoption of the energy efficient technology is voluntary, or whether it is incentivised
or mandated by public policy [17].

Efficiency versus other attributes: Energy-efficient technologies may also differ in in
other respects from inefficient alternatives. For example, the quality of lighting from
LEDs may be better than that from traditional lightbulbs; or fuel-efficient cars may be
smaller and less comfortable than inefficient cars. In principle, changes in these broader
attributes could make an energy-efficient technology either more or less attractive, and
the response to the adoption of that technology will depend upon whether and how these
other attributes have changed and the value placed on those attributes relative to that
placed on energy costs [18]. In addition, it is possible that improvements in the energy
efficiency of particular technologies will encourage increased demand for these broader
attributes. For example, improvements in efficiency of car engines may encourage the
purchase of larger and more powerful cars, since these now cost no more to run than
smaller cars did in the past. This may be considered another form of rebound, jointly
determined by producers and consumers, and one that is relatively little explored in the
empirical literature [10,19].

Energy versus emissions: Both direct and indirect rebound effects may be estimated in
terms of energy consumption, carbon dioxide (CO2) emissions, GHG emissions or some
other environmental metric, such as NOx emissions or water use [20]. The magnitude of
the rebound effect will therefore depend upon the metric used. As the carbon/GHG-
intensity of economies change over time, the relative magnitude of carbon/GHG
rebound effects will also change — and in some circumstances, rebound effects may be
small in energy terms but large in carbon/GHG terms, or vice versa.

Direct versus embodied: Households use significant amounts of energy ‘directly’ in the
form of electricity2, heating fuels and vehicle fuels, but they also use energy ‘indirectly’,
since energy is used at each stage of the supply chain for most goods and services. This
life-cycle energy use is commonly termed embodied energy while the associated
emissions are termed embodied emissions. While most studies focus upon direct energy
use and emissions, embodied energy use and emissions are also important. For example,
the savings from an energy-efficient heating system may be spent upon more heating
(direct rebound, direct energy), more lighting (indirect rebound, direct energy) or more
furniture (indirect rebound, embodied energy).

Narrow versus wide: Estimates of rebound effects will depend upon the spatial
boundaries of both the potential and actual energy savings in Equation 1 [21]. For
example, should the estimate of potential energy savings relate solely to the direct
energy use by the household, or also to the energy used along the supply chain for the
relevant energy commodity (e.g. the energy used to extract and refine crude oil and to
deliver heating oil to households)? Similarly, should the estimate of actual energy
savings relate solely to the host country, or also include the energy embodied in
imported goods? If our primary interest is global climate change, it would seem
appropriate to measure rebound effects in terms of carbon or GHG emissions and to
have a spatial boundary for both the potential and actual emission savings that
encompasses the entire world (i.e. tracking the impacts of the efficiency improvement
along all relevant global supply chains). But many empirical studies measure rebound

1 Opportunity costs may also be relevant. For example, increasing refrigerator size may not be the best use of
available space.

2 Emissions associated with electricity end use are commonly labelled as direct, even though they occur at the power
station.
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effects in terms of use of energy use rather than emissions and have a narrower system
boundary for energy/emission savings since these are easier to estimate. Moreover, the
system boundary used for estimating potential savings is often different from that used
for estimating actual savings (Figure 2) [22].

« Short versus long term: It is equally important to specify the temporal boundaries of the
potential and actual energy savings. Rebound effects may be larger or smaller over the
long-term as a greater range of behavioural responses become available - such as
changes in land-use patterns following the greater availability of more energy-efficient
and hence lower cost car travel. But long-term effects can be more difficult to estimate.

« Ex post versus life cycle: Rebound effects are normally understood as an ex post
response to an energy efficiency improvement. But in some circumstances it may be
appropriate to take a life cycle perspective, and to also consider the energy used to
manufacture and dispose of the relevant energy-efficient equipment [7]. If the energy-
efficient equipment has more ‘embodied’ energy, this will subtract from its operational
energy savings.3 This component is sometimes labelled the embodied effect [7], but this
is easy to confuse with the embodied energy that forms part of the indirect rebound
effect. It is also important to recognise that the embodied effect relates to energy use (or
emissions) prior to rather than following an efficiency improvement.

Global Global

National National

Potential energy and Actual energy and emission
emission savings savings

Figure 2. Choice of system boundary for potential and actual energy/emission savings

Figure 3 provides one way of summarising the different effects described above. The total
(or economy-wide) rebound effect is shown here as the sum of the direct, indirect,
secondary and embodied effects. These subtract from the potential energy savings to give
the actual energy savings. As discussed in the next section, both the direct and indirect
effects may in turn be decomposed into income and substitution effects. However, this type
of classification can be misleading since the individual effects are not necessarily additive.
This applies in particular to the indirect and secondary effects: these both reflect economy
wide impacts, but calculate those impacts in a different way (i.e. with and without allowing
for price adjustments). Moreover, in some circumstances individual components of the
rebound effect can be negative, so they add to rather than subtract from the potential
energy savings. For this reason, it is theoretically possible for the overall rebound effect to
be negative (i.e. AES>PES) - an outcome that has been called ‘super conservation’ [23].

The total rebound effect is therefore the net result of multiple mechanisms that sometimes
reinforce and sometimes offset one another. The relative size of these different effects may
vary widely from one situation to another and from one system boundary to another and
will also change over time. Estimating the magnitude of these different effects can be
challenging even when good data is available - which is rarely the case. And since empirical

3 In contrast, if the energy-efficient equipment has less embodied energy over its life-cycle than the inefficient
equipment, this will add to the operational energy savings.
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estimates depend upon the choice of efficiency measure, spatial boundary, temporal
boundary and rebound metric; there is a risk of comparing apples and oranges when
contrasting the results of different studies.

Actual
Energy
Savings
Potential Embodied effect
Energy : 4 =
Savings econdary effects
Indirect Substitution Effect
Total
Reboiikd Rebound
Effect Effect Income Effect
Direct Substitution Effect
Rebound
Effect Income Effect

Figure 3. Classifying rebound effects

2.4 Economic drivers of rebound effects

2.4.1 Rebound effects and economic welfare

Since rebound effects reduce the environmental benefits of energy efficiency improvements,
they are usually judged negatively - as something to be minimised. But this view is
misleading since it ignores the benefits provided by energy efficiency improvements. From
an economic perspective, the contribution of energy efficiency improvements to aggregate
social welfare is given by the sum of the costs and benefits they provide to consumers,
producers and all other affected parties. This includes the environmental costs associated
with the energy used to deliver the relevant energy service.

For example, improvements in the energy efficiency of domestic boilers will make heating
cheaper and households may take advantage of this by enjoying higher levels of thermal
comfort. This will increase their ‘consumer surplus’# which contributes to aggregate social
welfare. Energy consumption will normally still be reduced, but not by as much as it would
have been in the absence of the increased demand for heating (the direct rebound effect).
Since energy consumption contributes to climate change, it imposes costs on other people
both now and in the future. These ‘external costs’ must be set against the benefits to
consumers of warmer homes.

In practice, it is unlikely that all relevant costs and benefits can be monetised and compared
in this way - and there are philosophical difficulties in attempting to do so. Nevertheless, it
is clear that a judgement that rebound effects are ‘bad’ and something to be minimised
must rest upon the assumption that the external costs of energy use are very high - and
hence, in this example, that the costs associated with any increase in heating demand
outweigh the benefits to consumers of warmer homes. In practice, this need not be the case.
For example, direct rebound effects in low-income households may be relatively high, but
may contribute a major increase in welfare since the occupants are no longer cold and ill.

4 Consumer surplus is the difference between what people are willing to pay for a good and what they actually pay.
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Also, the external costs of energy use will depend in part on the carbon intensity of the
relevant energy carriers.

2.4.2 Direct and indirect rebound effects

Rebound effects may be analysed and estimated with the standard tools of micro and
macroeconomics. Although most of these approaches rely upon restrictive assumptions
about consumer decision-making (i.e. utility maximisation under constraints), they can
nevertheless offer valuable insights - as well as forming the basis of the majority of
empirical work in this area.

Figure 4 provides a standard microeconomic illustration of rebound effects. It shows the
trade-off between consumption of an energy service (S) by a household and consumption of
a basket of other goods (7). Consumers are assumed to maximise their ‘utility’ (U), or
satisfaction, from consuming some combination of S and Z subject to a ‘budget constraint’.
It is assumed that greater consumption provides more utility, but the satisfaction obtained
from each additional unit of consumption is less than that obtained from the previous unit
(declining marginal utility). ‘Indifference curves’ such as U; and U. represent different
combinations of the two goods that provide equal utility to the consumer (U.>U,). The
diagonal line from Z,to S, indicates the initial budget constraint. Given current income (X)
and the relative prices of S (Ps) and Z (P,), the consumer can purchase any combination of S
and Z that lies along this line, whose slope is given by: -P,/Ps.

At one extreme, the consumer could choose to consume S,=X/Psof the energy service and
none of the other goods, while at the other extreme she could consume Z,=X/P of basket of
goods and none of the energy service. Prior to the energy efficiency improvement, the
‘optimum’ mix is given by (S;, Z;), where the budget constraint is tangential to the
indifference curve U, At this point, utility is maximised. A energy efficiency improvement
reduces the effective price of the energy service (P’s<Ps) and allows greater consumption of
the energy service (S’ o=(X/P’s)>S,). The optimum mix is now given by (S., Z.) where the
new budget constraint is tangential to the indifference curve U. which represents the
maximum amount of utility that can be obtained from the new level of ‘real income’
(nominal or money income is unchanged). Hence, consumption of the energy service
increases (S2>S;), consumption of the basket of goods decreases (Z.<Z;) and the consumer
obtains a higher level of utility (U.>U,).

The analysis highlights the fact that increased consumption of the energy service (S2>S)
contributes to improved consumer welfare (U.>U;) and that the drivers of improved welfare
are also the drivers of the rebound effect (e.g. households benefiting from warmer homes).
At the same time, the additional energy consumption may have external costs, in the form
of environmental impacts. The net contribution to societal welfare will be given by the
difference between the increase in consumer welfare associated with the additional energy
service consumption and the increase in external costs associated with the additional
energy consumption. This calculation involves some difficult trade-offs, but it cannot be
assumed that the additional external costs will always outweigh the improvement in
consumer welfare.

Figure 4 also decomposes the response into a substitution effect and an income effect. The
substitution effect is defined as the change in consumption that would result from the
change in relative prices if income were adjusted to keep utility constant. In effect, the
change in consumption is artificially restricted to a movement along the original
indifference curve. But since the energy service is cheaper, the consumer’s total purchasing
power, or ‘real income’ has increased. This allows a shift from one indifference curve to
another (higher utility). The income effect is defined as the change in consumption that
would result exclusively from this change in real income, holding prices and nominal
income constant. Standard microeconomic techniques (the Slutsky equation) allow the two
effects to be individually estimated, with the income effect being derived from income
elasticitiess and the substitution and total effect being derived from price elasticities.

5 Economists tend to estimate expenditure elasticities rather than income elasticities, partly because data on
expenditures is easier to obtain than data on incomes. But the term ‘income elasticity’ will be used in this report.
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Note that, in Figure 4, the substitution (Ss-S;) and income (S.-Ss) effects for the energy
service reinforce one another and lead to increased consumption (S.>S;), while the
substitution (Zs-Z;), and income (Z.-Zs) effects for the basket of goods offset one another
and lead to decreased consumption (Z.<Z;). But in practice there will be multiple goods and
services, and these outcomes will not hold for each. Consumption of some goods may
increase following the energy efficiency improvement while consumption of others may
reduce. The former are said to be complements to the energy service while the latter are
said to be substitutes. For example, the consumption of home entertainment could increase
following insulation improvements (since people are spending more time at home), while
the consumption of alcohol in pubs could decrease. Note further that the analysis assumes a
costless improvement in energy efficiency. The inclusion of capital costs would reduce the
income effect but not the substitution effect.

Annex 1 develops this analysis more formally, deriving expressions for the different effects
that allow them to be estimated empirically.

Other service Z

S, So Sz S’
Energy Service S
Other service Z Other service Z

Price of energy service reduced

Income adjusted to keep utility
constant U, U,

Substitution effect

Zy[- - Zi |- - - =
1 \ Zi ______________ Income effect
A e T A bbb |
1
Sl SS Sl SS SZ
Energy service S Energy service S

Figure 4. Decomposing rebound into income and substitution effects

2.4.3 Secondary effects

The analysis of secondary effects is more complex as these involve adjustments in multiple
markets (i.e. general rather than partial equilibrium). Fortunately, the most important
secondary effect is likely to be through changes in energy prices, which can be analysed in a
straightforward manner as indicated in Figure 5. This illustrates the supply (S) schedule for
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the relevant energy commodity, together with the demand schedule both before (D) and
after (D’) the energy efficiency improvement. Initially, a quantity Q; of energy is sold at
price P;. The energy efficiency improvement shifts the demand schedule to the left, leading
to new equilibrium of Q;, P;. If there were no price response, energy consumption would
fall further to Q.. Hence, the potential energy saving is given by Q;-Q., the actual energy

saving is given by Q;-Q; and the ‘energy market’ rebound is given by: 1— {M} . This

(Ql - Qz)
is additional to the direct and indirect rebound effects discussed above.
The size of the energy market effect will depend upon the relative slope of the supply and
demand curves for the relevant energy commodity — as measured by their price elasticities.

Higher rebounds will occur when supply is inelastic (steep curve) and demand is elastic
(shallow curve). Both supply and demand tend to be more elastic over the long-term.

Price

e Q Q Quantity

Figure 5. Energy market effect

The secondary effects do not stop with adjustments in energy prices. The increased
spending power will increase demand for a range of goods and services, thereby increasing
economic activity and putting upward pressure on the prices of those goods. Over time this
may encourage investment in new production capacity, thereby expanding supply and
mitigating those price increases. Higher demand may also lead to higher wages, as well as
lower unemployment, increased imports and reduced competitiveness of export industries.
The demand for energy (and for goods that are complements to energy) may fall, potentially
leading to ‘disinvestment’ by energy producers such as oil refineries [24]. This in turn will
put an upward pressure on energy prices and reduce the energy market rebound indicated
above. In other words, energy efficiency improvements by households can trigger a host of
macroeconomic adjustments that will affect energy consumption in complex ways
throughout the regional and global economy. Some of these adjustments will add to the
rebound effect and some will subtract, and their relative importance will change over time
as markets adjust. These responses are too complex to measure, but can be simulated with
the help of macroeconomic models [13,25].

2.5 Evidence on rebound effects

Sorrell [2] provides a comprehensive summary of the empirical evidence on rebound effects
as it stood in 2007. This review was subsequently updated by Jenkins et al [26] and
Azevedo [21]. In the intervening years there has been an explosion of empirical research,
including an increasing number of studies from China. There has yet to be a comprehensive
review of this new evidence, but the conclusions of most studies appear broadly consistent
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with the 2007 review. Only a brief summary of these results will be provided here - with the
methods used to produce these results being summarised in Annex 2.

2.5.1 Direct rebound effects

By far the best studied area for the direct rebound effect is car travel — in part because
good data is available on both fuel consumption and distance travelled. Most studies
estimate the rebound effect from elasticities of distance travelled with respect to either fuel
efficiency, fuel cost per kilometre or fuel prices [18], but they vary considerably in terms of
the data used and specifications employed. A recent meta-analysis [27] of 76 studies
containing 1138 estimates suggests a direct rebound effect for car travel of ~12% in the
short run and 32% in the long run. But the results depend upon the elasticity measure
used and the most direct of these measures - the efficiency elasticity of distance travelled -
was typically found to be insignificant or close to zero. A variety of factors may explain this,
including a negative correlation between fuel efficiency and other vehicle attributes (such as
power and spaciousness) that may be complements to distance travelled [28]. Results also
vary between countries and over time, with lower per capita GDP being associated with
larger rebound effects [27] and with some evidence of declining rebound effects within the
OECD [6]. This is plausible, since many industrialised countries are experiencing a
saturation or even decline in car travel per capita whereas car travel is ‘taking-off’ in
developing countries [29].

The next best studied area for direct rebound effects is household heating. Several studies
use a quasi-experimental approach which involves measuring energy consumption before
and after an energy efficiency improvement. However, most of these studies are
methodologically weak and they rarely include a control group [30]. The results suggest
that engineering models typically overestimate the energy savings from heating/cooling
improvements by around one half—and potentially by more than this for low income
households. But changes in internal temperature only account for a portion of this shortfall
and behavioural change by the occupants only account for a portion of the change in
internal temperature [30].

Other studies employ econometric analysis of household survey data to estimate rebound
effects for heating, but these vary widely in terms of the demographic groups covered, the
definition and measurement of the relevant variables, the extent to which various factors
are controlled for and the methodologies employed [30].6 Sorrell and Dimitropoulos
compared the results of nine pre-2007 studies and found estimates in the range 10-58% for
the short-run effect and 1.4—60% for the long-run effect. More recent studies also provide
results in that range, but are much more robust. For example, Aydin et al [31] analyse data
on the energy efficiency, energy consumption and socio-demographic characteristics of
563,000 Dutch households and estimate a rebound effect of 277% amongst homeowners
and 41% amongst tenants - with higher rebound effects for low-income groups. Volland
[32] conducts a similar analysis of 11,500 US households and estimates a mean rebound
effect of 30%, with higher rebounds for households facing higher prices for heating fuels.

There are relatively few estimates of the direct rebound effect for other household
energy services, owing largely to lack of data. Rebound effects may be low for many
energy services (e.g. home entertainment, vacuuming), since energy costs are small - both
in absolute terms and relative to other costs - and tend to be relatively invisible to the
consumer. Also, other attributes of the energy service may play a much larger role in
decision-making. One of the few robust studies in this area is by Davis [33] who analysed
the results of a field trial of energy-efficient washing machines among 98 US households.
Demand for clean clothes increased by 5.6% after the new machines were installed, but this
reflects responses to savings in water and detergent costs as well as energy costs.” Davis also
led the evaluation of a Mexican program that subsidised the replacement of 1.9 million
refrigerators and air-conditioners. By combining program, participant and energy billing

6 A number of elasticity measures could be used as a proxy for the direct rebound effect for heating and cooling and
the size of the effect may be expected to vary widely depending on the measure chosen [30].

7 Davis estimated that the opportunity cost of time forms 80—90% of the total cost of washing clothes, which would
constrain the size of any direct rebound effect.
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data, Davis et al [34] estimated that the refrigerator replacement achieved only one quarter
of the forecast energy savings while the air conditioner replacement led to an increase in
energy consumption. While the refrigerator results may largely be explained by higher
specifications and over-optimistic engineering estimates, the air conditioning results most
likely reflect price-induced rebound.

2.5.2 Direct and indirect rebound effects

Estimates of combined direct and indirect rebound effects are commonly obtained
by combining estimates of the income or price elasticity of different categories of household
expenditure with estimates of the energy/emission intensity of expenditure on those
categories (e.g. in tCO,/£). So for example, the studies use income and price elasticities to
estimate how households distribute the cost savings from efficiency improvement between
different commodities, and use expenditure intensities to estimate the associated energy
use and emissions. Elasticity estimates can be obtained from the econometric analysis of
household expenditure data, while expenditure intensity estimates can be obtained from
environmentally-extended input-output models. A key distinction is between studies that
only capture the income effects from energy efficiency improvements (using income
elasticities) and those that capture both income and substitution effects (using price
elasticities). While the latter should in principle provide more accurate estimates, this may
not be the case in practice owing to various methodological difficulties [35].

There is a small but growing evidence base in this area, with the most prominent studies
being listed in Tables 2 and 3. The estimated effects cover a remarkably wide range, from
the very small (4%) to the extremely large (300%). While most studies focus on improved
energy efficiency in electricity, heating or personal travel, others examine sufficiency
measures, such as reducing car travel or food waste. The latter are discussed further in
Section 4. Different studies estimate rebound effects in energy, CO, and GHG terms, but no
study estimates and compares all three.

The diversity of results, combined with methodological limitations [see 35] and the limited
use of sensitivity tests make it difficult to draw any firm conclusions. However, the studies
demonstrate that: first, the combined direct and indirect rebound effects may sometimes
exceed 100%; second, the indirect rebound effect is inversely proportional to the direct
effect; third, direct and indirect effects appear to be larger for measures affecting car travel
than for measures affecting electricity or heating fuels - in part because road fuels tend to be
subject to higher levels of taxation; fourth, rebound effects within a country tend to be
larger for low-income groups in that country; and finally, rebound effects vary widely
between different countries owing to differences in energy prices, commodity prices and
taxation regimes (Figure 6) [36].
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Table 2. Studies estimating combined direct and indirect rebound effects for
households —income effects only

Author Region No. of Measure Area Rebound Estimated
expenditure metric rebound
categories effect (%)
Lenzen Australia 150 Efficiency & Food, heating Energy & 45-123%
and Day Sufficiency GHGs
[37]
Alfreddson Sweden 300 Sufficiency  Transport, CO2 7-300%
[38] electricity,
heating, food
Thomas us 428 Efficiency Transport, Energy 15-27%
and electricity, and
Azevedo heating GHGs
[39]
Murray Australia 36 Efficiency & Transport, GHGs 4-24%
[40] Sufficiency  lighting
Chitniset UK 17 Efficiency Electricity, GHGs 5-15%
al [7] heating
Freire- EU-27 163 Efficiency Transport, Energy 30-300%
Gonzalez electricity,
[41] heating
Bjelle etal Norway 12 Efficiency & Transport, GHGs 40-58%
[42] Sufficiency  electricity,

heating, food,
waste, other

Table 3. Studies estimating combined direct and indirect rebound effects for
households —income and substitution effects

Author Region No. of Measure Area Rebound Estimated
commodity metric rebound
categories effect (%)

Brannlund  Sweden 13 Efficiency Transport; CO2 120-175%
et al [27] utilities

Mizobuchi  Japan 13 Efficiency Transport; COz2 12-38%
[43] utilities

Linand Liu China 10 Efficiency Transport; CO2 37%
[44] utilities

Kratena Austria 6 Efficiency Transport; Energy 37-86%
and Wuger heating;

[45] electricity

Chitnis UK 12 Efficiency Transport, GHGs 41-78%
and Sorrell heating,

[46] electricity
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Figure 6. Estimates of direct and indirect rebound effects in different countries - income
effects only

Source: Antal and van den Bergh [36].

Note: Average re-spending rebounds for energy (first columns) and carbon dioxide emissions (second
columns) for three energy carriers (2009). Colors denote countries. Standard blue is used if data was
only available for gasoline.

2.5.3 Secondary effects

The energy market rebound can be estimated from the own-price elasticities of supply
and demand for the relevant energy commodity. As an illustration, a demand elasticity of -
0.4 and a supply elasticity of +1.0 would lead to an energy market rebound effect of 30%
[12]. If the demand elasticity was higher (e.g. -0.6) and/or the supply elasticity was lower
(e.g. +0.2) the rebound effect would be larger (e.g. 75%). Although the energy market
rebound is necessarily less than 100%, it may be significant in some cases and it will add to
the direct and indirect effects described above.

The total rebound effect includes the direct, indirect, energy market and other secondary
effects. While the first three may be estimated individually, other secondary effects are
best estimated with the help of a macroeconomic model. However, nearly all modelling
studies of rebound effects focus upon energy efficiency improvements by producers rather
than consumers. Two exceptions are a study by Lecca et al [13] for the UK and a follow up
study by Figus et al. [47] that model the impact of a costless improvement in the efficiency
of all types of household energy use. Such studies incorporate a range of macroeconomic
adjustments that may either amplify or reduce the rebound effect, and hence may lead to a
higher or lower estimate of the rebound effect than studies that ignore those adjustments.
However, it is common for such studies to produce larger estimates of rebound effects that
are obtained from studies of direct effects alone. For example, both Lecca et al [13] and
Figus et al [47] estimate a long-term, economy wide rebound effect that exceeds 50%.

The results found by Lecca et al [13] and Figus et al [47-49] are not directly comparable to
those in Tables 2 and 3 because the system boundary for potential energy savings is wider
(e.g. economy wide rather than direct energy use) while the system boundary for actual
energy savings is narrower (e.g. excluding the energy embodied in imported goods) [22].
This demonstrates the difficulty of comparing studies that use different definitions, metrics
and/or system boundaries.

2.6 Summary

This section has described the sources of rebound effects from energy efficiency
improvements, classified these effects, elaborated on their drivers and summarised the
available evidence on their magnitude in different contexts. There are three main
conclusions:
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First, is misleading to talk about a single rebound effect. Instead, rebound effects are the net
result of multiple mechanisms that sometimes reinforce and sometimes offset each other,
and their magnitude varies widely between different situations and over time. While
attention frequently focuses solely upon direct rebound effects, the indirect and secondary
effects may be equally if not more important in many cases.

Second, from an economic perspective, the drivers of rebound effects are the same as the
drivers of improved welfare, in that rebound effects reflect increased consumption of both
energy and energy services relative to a counterfactual in which no adjustments occur.
Hence, rebound effects should only be considered undesirable if the external costs of the
increased energy consumption exceed the welfare benefits of the increased energy service
consumption — along with those from the associated economy-wide adjustments. This in
turn will depend upon the relative weight given to the different categories of costs and
benefits.

Third, the empirical evidence suggests that rebound effects are frequently large and
therefore should not be ignored in either energy modelling studies or policy appraisals. It is
common to find estimates of direct or combined direct and indirect rebound effects that
exceed 30%, especially for energy efficiency improvements by low-income groups - and the
limited evidence from macroeconomic models suggest that economy-wide effects could be
larger still. However, since it is rare to find estimates of rebound effects that exceed 100%,
the majority of energy efficiency improvements should still lead to energy and emission
savings.
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3 Energy sufficiency, and its potential to
mitigate rebound effects

3.1 Introduction

This section examines the concept of energy sufficiency and its relationship to rebound
effects. We distinguish between energy sufficiency actions that focus on particular energy
services, and broader attempts to live a more ‘frugal’ lifestyle through downshifting. The
literature on energy sufficiency is relatively small, since the term is relatively new. However,
energy sufficiency can be considered a particular type of pro-environmental behaviour
(PEB) by households, and there is a large literature on the nature and determinants of such
behaviours from within social psychology [1], as well as older literature on energy
conservation [50]. This section therefore summarises some of the lessons from this broader
literature, as well as suggesting ways in which energy sufficiency actions can offset the
rebound effects from improved energy efficiency.

3.2 What is energy sufficiency

There is no single agreed definition of energy sufficiency (Box 1). Some authors consider
energy sufficiency to be a particular level of energy service consumption that is consistent
with human well-being and environmental limits. Others consider it to be a reduction in
energy service consumption that has the effect of reducing the energy and environmental
impacts of that consumption. We adopt the second interpretation in this report and define
energy sufficiency actions as reductions in the consumption of energy services, with the
aim of reducing the energy use and environmental impacts associated with those services.

One difficulty with this definition is the ambiguity of the term ‘energy services’. At the
household level, these are normally interpreted as services that require direct energy
consumption for their provision, such as heating and lighting. But as discussed in Section 2,
all goods and services are associated with indirect energy consumption along their supply
chains and these may also be an appropriate target for sufficiency actions. For example,
reduced consumption of meat and dairy products can have a major impact on total (i.e.
direct plus indirect) household energy use and GHG emissions.

A further difficulty is that energy services are subjective, difficult to measure and have
multiple attributes or dimensions. For example, the energy service of personal cleansing
may be achieved with a ‘monsoon’ shower with a high water flow rate or with a smaller
shower with a lower flow rate, but the subjective experience (and utility obtained) will be
very different. Similarly, the energy service of thermal comfort will depend upon internal
air temperature, but also upon radiant temperature, air velocity, humidity, activity levels,
clothing, external temperature and social conditioning. The same energy service may also
be delivered by different types of energy carrier (e.g. gas boiler or electric immersion
heater) or with no or very little direct energy use at all (e.g. thermal comfort in a passive
house). Hence, ‘reducing’ energy service consumption can mean different things depending
upon how those services are defined, provided and measured. But we assume that the
underlying objective is to reduce the environmental impacts associated with providing that
service.

Box 1. Competing definitions of energy sufficiency

Energy sufficiency as a vision for the future

Energy sufficiency as an outcome can be thought of as an ‘energy safe space’ where
everyone’s basic needs are met and we enjoy a range of energy services. Access to
these energy services is more equitable than it is today, and total energy demand is
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no more than can be supplied within the limits of the environment’s carrying capacity.
To move towards this energy safe space, a number of things can happen:

e We can increase access to energy services for those whose basic needs are
not currently met

e We can decrease energy demand whilst maintaining the same energy services
through energy efficiency improvements

¢ We can decrease energy demand through energy sufficiency actions

e We can meet energy demand through more sustainable supply options, thus
increasing the level of demand that can be met within environmental limits.

Energy sufficiency as an action

Energy sufficiency actions are actions that reduce energy demand, taking us towards
this ‘safe space’ through changing the quantity or quality of the energy services
demanded. These actions can be categorised in a number of ways, including
changing/reducing the way we use an energy service; better sizing of energy using
equipment to match people's needs; and choosing a different energy service.

Source: ECEEE

3.3 Examples of energy sufficiency

3.3.1 Energy sufficiency actions

Energy sufficiency actions can be carried out in many domains and may affect both direct
and embodied energy use and emissions. While attention normally focuses upon direct
energy use, embodied energy may form a larger proportion of a household's total ‘energy
footprint’.

The areas that offer the most potential for sufficiency actions are transport, heating,
electricity use and food, [51-54]. For example, Benders et al [55] estimates that these four
categories account for three quarters of Dutch household GHG emissions. However, food
consumption accounts for a larger proportion of household GHG emissions than it does of
household energy use - highlighting the importance of whether our focus is energy use, CO.
emissions or GHG emissions.

A commonly advocated sufficiency action is to walk and cycle for short journeys — an option
that also has significant health benefits. For example, some 22% of UK car trips are of less
than two miles and account for ~3% of total car mileage and ~4.9% of total car emissions.
An equally effective but less commonly advocated measure is to reduce flying. While
aviation accounts for only ~5% of GHG emissions for an average UK household, the
proportion is larger for high-income groups [56] and flying is one of the fastest-growing
sources of emissions. For illustration, a return flight from London to New York generates
approximately the same GHG emissions as heating an average EU home for a year [57]. But
while offsetting aviation emissions is becoming increasingly popular, very few people
appear prepared to restrict their flying [58].

Measures to reduce space heating demand can be very effective, as this category accounts
for around 15% of household carbon emissions [59]. A commonly advocated measure is to
reduce thermostat settings8, or to turn off radiators in unoccupied rooms. For example, the
UK Government suggests that ‘“Turning your thermostat down by 1°C could reduce CO,
emissions and cut your fuel bills by up to 10 per cent’ [60]. Since 1970, the average internal
temperature of UK homes has risen from 13.7°C to 17.7°C during the winter period - a figure
that is probably lower than in many other European countries [61]. Hence, although

8 See, for example, http://www.energysavingtrust.org.uk/ .
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millions of low income households continue to endure cold homes, a larger number of
households enjoy relative thermal comfort and therefore should have scope for this type of
sufficiency action.

A related but less frequently advocated measure is to limit the floor area of dwellings
[62,63], as this is strongly correlated with heating and total energy use. However, income
growth and changing demographics (e.g. more single person households) is creating strong
pressures in the opposite direction, with average floor space per capita in the EU growing
from 15.2m2 in 1990 to 18.6 m2 in 2010 [64]. In contrast to this general trend, a reduction of
floor area can be popular with older people, those wishing to reduce their ecological
footprint or those seeking to reduce their housing costs [63]. Limiting the floor area of
dwellings could be enforced through regulations or incentivised through taxation. However,
such policies may be politically difficult owing to shrinking real incomes, growing
inequality, and the fact low-income households spend a larger share of their income on
housing than high income households.

The most commonly advocated sufficiency actions for electricity consumption are switching
off standby appliances, switching off lighting in unoccupied rooms and washing clothes at
lower temperatures - although each of these have a relatively modest impact on energy use
and emissions [65]. Measures that conserve hot water can reduce both energy and water
bills, as well as mitigating water shortages and reducing upstream energy consumption (e.g.
for pumping) - although these upstream impacts are usually ignored.

With food consumption, the most popular sufficiency actions are to reduce food waste and
shift away from meat and dairy products. An average UK household throws away one third
of their food purchases [66], and there have been high profile campaigns to reduce this
waste [67].9 Reducing consumption of meat and dairy is commonly advocated on both
environmental and health grounds and can have a very large impact on GHG emissions
[65]. Options range from complete elimination of animal products to treating meat as the
garnish rather than the centrepiece of a dish [68-70]. However, as discussed in Section 4,
this type of sufficiency action may be particularly prone to rebound effects.

In classifying these actions, it is useful to make the following distinctions:

» Restraint versus substitution: Many sufficiency actions are associated with some
form of restraint. For example, in the travel domain, an action based on restraint might
start by asking: ‘do I need to undertake this car journey’? True restraint would renounce
the journey altogether. On the other hand, less energy-intensive substitutes might be
considered, such as travelling by public transport, or replacing the journey with a video
conference. Whether restraint or substitution involves loss of utility will depend upon a
variety of factors, including trade-offs between different values and goals and the extent
to which the relevant options are facilitated or obstructed by various technical,
infrastructural, economic and social variables. For example, travelling by public
transport in the UK is often less convenient, slower and more expensive than travelling
by private car.

+ Voluntary versus enforced: Although sufficiency actions such as walking and cycling
involve individual choice, they may be enabled and encouraged by public policy. For
example, walking and cycling can be encouraged by high-density land-use
developments, dedicated cycle lanes and adequate cycle parking, whereas car travel can
be discouraged by high parking charges and rising fuel taxes. It is misleading, therefore,
to view sufficiency actions as solely an individual choice - they depend upon the broader
infrastructural, technical, economic and social context and may be specifically
incentivised or required by public policy. Prescriptive policies such as banning car use in
city centres, or regulating floor areas tend to be unpopular and hence are rarely used -
although there are exceptions such as the regulation in North Rhine-Westphalia that
limits the maximum floor space (m2/person) for people receiving housing allowances
[71]. More common are information and education programmes, including energy

9 See https://www.lovefoodhatewaste.com/
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saving tips, feedback on energy consumption and social comparisons of energy
consumption.

+ Individual versus collective: Most sufficiency actions are taken by individuals, but
people are more likely to adopt such actions if they feel social pressure to do so, if they
act in collaboration with others (e.g. neighbourhood groups) or if they identify with a
broader social trend or social movement [72]. For example, changes in social norms in
areas such as recycling can encourage individual action which in turn can reinforce those
changes in social norms. Similarly, something like the voluntary simplicity movement
can help to normalise sufficiency lifestyles [73].

3.3.2 Downshifting

Most people taking sufficiency actions will continue to work and to earn as much as before
— and simply spend their money in a different way. But an alternative approach is to
voluntarily reduce household income - commonly known as downshifting. For example,
people may choose to work less, take a pay cut and reduce their aggregate consumption.
Downshifting is widely advocated as an effective means of alleviating time pressures and
improving quality of life while at the same time reducing environmental impacts. For
example, it has been estimated that if everyone in the UK were to downshift to the
Minimum Income Standard as defined by Bradshaw et al [74], then average household
GHG emissions would fall by 37% [75]. Importantly, the Minimum Income Standard is
based on what the public think people need for an acceptable minimum standard of living:
it includes “more than just, food, clothes and shelter. It is about having what you need in
order to have the opportunities and choices necessary to participate in society” [76]

Evidence suggests that - after adjusting for household composition - the environmental
impacts from household consumption are strongly correlated with household income [77-
81]. For example, Nassen and Larsson [48] estimate the income elasticity of Swedish
household GHG emissions to be 0.84, while Kerkhof et al [49] estimate a similar figure for
Dutch households. As an illustration, Figure 6 shows the total GHG emissions for different
income groups in the UK. This suggests that the wealthiest households have
disproportionately high emissions, partly as a consequence of regular flying, greater car use,
more dwelling space and higher appliance ownership [7]. This relationship implies that
downshifting households are likely to reduce their GHG emissions, regardless of whether
they take any specific actions to reduce their use of particular energy services (e.g. less
flying). Hence, downshifting should have environmental benefits. If downshifting
households choose to reduce their consumption of transport, heating and electricity by
proportionately more than their consumption of other goods, those benefits may be
amplified.
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Figure 7. Estimates of GHG emissions for different income groups in the UK
Source: Chitnis et al Figure 4 [7].

To downshift, you must begin with a level of income that it is feasible to downshift from
without jeopardising subjective (and possibly other types) of wellbeing. Hence, it is
primarily an option for those who are relatively wealthy. But with increasing income
inequality, rising housing costs, growing debt burdens and falling real wages [82], the
proportion of people with the ability and/or inclination to downshift may be both relatively
small and declining. A key problem is that many people are economically or psychologically
“locked-in” to current consumption patterns and find it difficult to change. Relevant factors
here include: land-use patterns and physical infrastructures that constrain choice in key
areas (e.g. travel and heating); non-income related tax obligations; the rapid obsolescence
of consumer goods, (creating a need for regular expenditure on replacement); the search for
status through the acquisition of symbolic ‘positional goods’; and the rapid adaptation of
aspirations to higher income levels [83-86]. Downshifting, in other words, is difficult and
may only be an option for a few. It also has broader macroeconomic consequences that
influence both the feasibility of such changes and their environmental effects. These are
discussed further in Section 4.

3.4 Using energy sufficiency to mitigate rebound effects

In some circumstances, sufficiency actions may mitigate the rebound effect from improved
energy efficiency. We provide some illustrative examples below, looking first at mitigation
of direct rebound effects and then indirect rebound effects.

As explained in Section 2, direct rebound effects occur when energy efficiency
improvements reduce the effective price of energy services, thereby encouraging increased
consumption of those services. Sufficiency actions may prevent this outcome, through an
environmentally motivated decision to limit consumption of those services. For example,
people may choose not to drive further than previously despite purchasing a more fuel-
efficient vehicle. Such decisions become easier when energy service consumption already
exceeds a certain level — with further consumption providing little additional utility and/or
the sufficiency action reflecting a normative choice that this level of consumption is
‘enough’.

In some circumstances, these decisions could be facilitated or enforced through technical or
policy intervention. For example, the 2.38 million households in England that suffer from
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fuel poverty [87]° are eligible for government subsidies to improve the thermal efficiency of
their dwellings. When such measures are carried out, it is common for the benefits to be
taken in the form of warmer homes rather than energy savings. An energy sufficiency
strategy to complement such measures could be to constrain indoor temperatures to, say,
20°C by installing temperature-limiting thermostatic controls in tandem with energy
efficiency measure. To the extent that households would have increased internal
temperatures beyond 20°C in the absence of the controls [89], such a measure would
reduce the direct rebound effect whilst at the same time allowing an ‘adequate’ level of
thermal comfort. Similar measures could be applied in high-income households, whose
average pre-retrofit temperatures are already around 20°C, thereby allowing the direct
rebound effect to be eliminated altogether.

Thus energy sufficiency strategies could mitigate the direct rebound effect. The additional
savings on heating bills would be spent on other goods and services, thereby creating an
indirect rebound effect. But the total energy and carbon savings are likely to be larger than
in the absence of such controls. It is worth noting, however, that there are only a few energy
services where this type of measure would be technically feasible. And since such
interventions would severely restrict individual choice (e.g. preventing households from
enjoying higher internal temperatures), they seem unlikely to be politically feasible.

Indirect rebound effects are more challenging to address. This is because the provision of all
goods and services involves energy use and emissions at different stages of their supply
chains. Thus any re-spending of the cost savings from energy efficiency improvements will
necessarily lead to some indirect rebound effect. However, the size of that effect can vary
widely depending upon the particular pattern of re-spending. To minimise the indirect
rebound effect, it would be necessary to target re-spending on goods and services that have
a relatively low energy or emission intensity. Options include goods and services that are
relatively expensive (e.g. fine artwork, organic food) and those that are inherently low
impact (e.g. evening classes). Other options include spending the cost savings on additional
energy efficiency improvements, on renewable energy investments or on carbon offsets. The
last of these could be a particularly effective option: for example, if a small proportion of the
cost savings from efficiency improvements were used to purchase and retire EU ETS carbon
allowances, the avoided carbon emissions would greatly exceed those from increased
consumption of the energy service. In other words, the emission savings could be amplified
rather than reduced.

Downshifting should reduce aggregate energy consumption, but may not reduce the direct
and indirect rebound effect from energy efficiency improvements. Indeed, since rebound
effects tend to be larger for low-income groups [8], it is possible that they will be also larger
in downshifted households. But again, these rebound effects could be minimised if the
household chose to restrict consumption of relevant energy service(s) and to re-spend any
cost savings on goods and services that are less energy/emission-intensive. This in turn
would require households have a good understanding of the relative energy/emission
intensity of different goods and services - which appears unlikely to be the case.

3.5 Psychological drivers of energy sufficiency

3.5.1 Energy sufficiency as pro-environmental behaviour

In our definition, energy sufficiency is motivated by environmental concerns and is
therefore a form of pro-environmental behaviour. This section summarises some of the
lessons from the psychological literature on pro-environmental behaviour - much of which
focuses on behaviours relevant to energy consumption.

Whereas energy efficiency is associated with “doing more with less”, energy sufficiency is
associated with “enough”. The concept therefore has a strong normative dimension. The
term energy sufficiency is rarely used in environmental psychology, primarily because it is

10 The UK government considers a household to be in fuel poverty if: a) they have above average ‘energy
requirements’ (the national median level); and b) were they to spend that amount, they would be left
with a residual income below the official poverty line. [88]
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considered inappropriate for researchers and policy makers to make judgements about
what is enough. However, it is widely acknowledged that there is a need to reduce the
environmental impact of household consumption. As such, much of the environmental
psychology literature focuses on Western households and aims to understand the variables
that influence people’s willingness to voluntarily adopt behaviours that are beneficial for the
environment.

In environmental psychology, the term pro-environmental behaviour is sometimes defined
as: ‘behaviour that harms the environment as little as possible, or even benefits the
environment’ [90]. This definition includes behaviour that is beneficial for the environment
but is not necessarily (or exclusively) motivated by environmental goals. Studies using this
definition often focus upon the outcomes of behaviour such as energy use (via meter
readings: [91]) or waste production (via bin weighing [92]) rather than the causes of those
outcomes. Hence, they reflect environmental impacts but do not identify the specific
behaviours underlying those impacts.

The more common definition of pro-environmental behaviour is “behaviour that
consciously seeks to minimize the negative impact of one’s actions on the natural and built
world” [93]. This definition excludes behaviours motivated by other goals as well as those
that are environmentally damaging [90]. Studies typically focus on specific behaviours such
as recycling [94], transportation mode choice [94,95] or political activism. Pro-
environmental behaviour may also be labelled environmentally friendly behaviour [96],
ecological behaviour or conservation behaviour [97].

Since most research in this area focuses on intentions rather than outcomes, it can be
difficult to determine the contribution of psychological variables to actual environmental
impacts [98]. First, behaviour measures frequently rely on self-reports, which are sensitive
to response bias and may not reliably reflect actual behaviour [99-101]. Second, behaviour
measures are rarely weighted by their relative environmental impact and the most
environmentally significant behaviours can be overlooked. Indeed, someone may be
labelled pro-environmental because they adopt several relevant behaviours, even if those
behaviours have limited impact. Third, people typically have limited knowledge of the
relative environmental impact of different behaviours, with the result that ‘good’ intentions
may lead them to adopt ‘bad’ behaviours. For example, Gatersleben, Steg and Vlek [98]
found that people were unaware that their (direct and indirect) energy use for home heating
and holidays was much larger than that for clothes washing and home entertainment.

Much of the social psychological literature focuses on combinations of behaviours.
Typically, people are asked to indicate how frequently they adopt a number of different
behaviours which are then analysed to identify behavioural ‘clusters’. Such analyses tend to
find clusters associated with waste avoidance, energy use, transport and political activism
[06,102-104], suggesting that people are more likely to behave consistently within these
clusters than between them. The number and type of clusters identified will depend upon
the behaviours included, but since there are no standard measures of pro-environmental
behaviour it can be difficult to compare the findings of different studies.

3.5.2 Determinants of pro-environmental behaviour

The social psychological determinants of pro-environmental behaviour are commonly
classified into two categories: those associated with rational ‘cost-benefit’ decision-making
and those driven by environmental values. The literature employs a number of behavioural
models, including the Theory of Planned Behaviour [105] which is an individual cost-
benefit model and the Norm Activation Model which is a normative model. There are also
models that combine the two approaches, including the Value Belief Norm model [106].

There is a vast body of literature examining the variables that influence pro-environmental
behaviour. Most of this work is correlational and examines the variables most strongly
associated with a range of self-reported behaviours. Experimental studies are less common
and tend to examine the influence of one or more specific predictors on one or more specific
outcome measures. The latter are more likely to include measures of actual, rather than
intended or self-reported behaviour.
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Individual cost-benefit studies

Individual cost-benefit models assume that behaviours are influenced by perceptions of
likely outcomes and the value people attach to those outcomes. Relevant outcomes may
include both individual instrumental costs and benefits (such as financial costs and
benefits, time and effort) and social rewards and punishments (being accepted, praised or
reprimanded by others).

The Theory of Planned Behaviour (TPB) [105] suggests that planned or reasoned behaviour
is influenced by: a) attitudes towards that behaviour (expectations of outcomes and
valuations of those outcomes); b) perceptions of behavioural control (expectations about
how easy or difficult it is to do); and c) social norms (expectations of what other people
think is the appropriate or right thing to do). The model has been shown to be useful in
explaining a range of pro-environmental behaviours including water saving [107], recycling
[108] and reduced car use [109]. But many studies add additional variables to the model,
making it difficult to draw conclusions about its validity. In their meta- analysis of 23
transport studies, Gardner and Abraham [109] found strong support for the predictive
utility of the TPB, but also found that habits (i.e. non-reasoned behaviour) played an
important role.

Two types of social norms are distinguished in the literature: descriptive norms
(perceptions of what other people do) and injunctive norms (perceptions of what other
people see as the right thing to do) [110]. Several studies have demonstrated that giving
people information about what other people do can be useful in promoting pro-
environmental behaviours such as energy conservation and towel reuse in hotels [91,111].
However, if people are motivated to act in line with others, they may also increase their
energy use if they realise they are using less energy than others - another type of rebound
effect. However, adding an injunctive message that conveys social approval or disapproval
can eliminate this effect [91]. The desire to gain social approval has also been shown to
promote conspicuous ecological consumption where those who were made more concerned
about their status were shown to be more likely to choose green over non-green consumer
products, but only if the green alternative was more expensive [112].

Normative studies

The majority of studies examining pro-environmental behaviour treat such behaviour as
primarily morally motivated. The underlying idea is that such behaviour tends to be costly
to individuals here and now, but beneficial for the environment, for distant others and for
future generations. Therefore such behaviour cannot be motivated by selfish concerns but
needs to be treated as moral behaviour. Most of this work is based on the Norm Activation
Model [113] which was developed to explain why people sometimes act selflessly for the
benefit of others. The model proposes that altruistic behaviour is associated with people’s
awareness of the consequences of their behaviour for others and their ascription of
responsibility for those consequences. These two factors can activate a personal norm which
can result in altruistic action. A range of studies have demonstrated that such a personal
norm (often measured as guilt) is associated with pro-environmental behaviour. Many of
these studies incorporate personal norms into the theory of planned behaviour to improve
its predictive value - thereby linking the cost benefit and normative dimensions [114-117]. A
meta-analysis conducted in 2007 [118] confirmed the importance of both self-interested
and altruistic motives. The analyses demonstrated that, in line with the TPB, the
relationship between each of the psycho-social variables on behaviour was mediated by
intention. Intention explained 27% of the variance in actual behaviour, and this in turn, was
significantly predicted by attitude, behavioural control and personal moral norms
(explaining 52% of the variance).

Schwartz & Bilsky [101] propose that human values can be usefully described along two
dimensions: self-enhancement versus self-transcendence and conservatism versus
openness to change. The first dimension distinguishes people who are more concerned
about aspects such as power, control and hedonism (self-enhancement) from those more
concerned about altruism, protecting the environment and a world at peace (self-
transcendence). There is considerable evidence that those with more self-transcendent
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values report stronger environmental concern and behaviour [119-123]. Materialism, on the
other hand has been associated with stronger self-enhancement values and less
environmental concern and behaviour [124].

Identities also influence behaviour because people are motivated to act in line with how
they see themselves and strive to achieve a positive, coherent sense of self [125].
Environmental or green identities have been shown to be strong predictors of pro-
environmental behaviour over and above other variables such as attitudes and norms [126-
130].

3.5.3 Intervention studies of pro-environmental behaviour

There is a large literature that evaluates interventions to encourage pro-environmental
behaviour, with the majority of these focusing upon information interventions. These rely on
the assumption that people weigh up the costs and benefits of their behaviours, so the
provision of information on costs and benefits can encourage behavioural change.

However, a range of other interventions have also been shown to be effective in promoting
pro-environmental behaviours. Abrahamse, et al. [131] reviewed 38 studies and showed that,
although information interventions tend to result in changes in knowledge and attitudes, this
does not always translate into behavioural change. They also found that the positive effects
of rewards tended to be short lived. Frequent feedback was also shown to have potential for
behaviour change, but studies rarely examined the long-term persistence of those changes.
In a more recent meta-analysis Osbaldiston and Schott [132] reviewed intervention studies
of a broader range of pro-environmental behaviours. They concluded that the most effective
interventions were linked to cognitive dissonance (making people aware of the discrepancy
between their behaviours and their attitudes), goal setting, social modelling (providing some
sort of demonstration) and regular prompts. In addition they suggested that different
interventions may be effective for different behaviours: for example, a combination of
treatments can help promote recycling, setting goals is beneficial for reducing gasoline use
and social modelling works best for home energy conservation.

A meta-analysis of information interventions on energy use [133] found that such
interventions reduced electricity consumption by 7.4%, on average. Tailored information
such as home energy audits were more effective than historical or peer comparison feedback,
but pecuniary feedback and incentives could result in increased rather than reduced energy
use. Some more recent studies have confirmed these findings and there is an increasing
amount of research that suggests that financial appeals and incentives may not only be
ineffective in promoting pro-environmental behaviour but can even be counter-productive -
perhaps by crowding out altruistic motives [134-137].

Many intervention studies focus on small respondent numbers and are insufficiently linked
to motivation theories - thereby making it difficult to draw clear conclusions about the key
variables motivating pro-environmental behaviour. People do not appear to behave
consistently pro-environmentally across different domains and the same motivational goal
(doing something beneficial for the environment) may motivate different people to undertake
different behaviours. However, based on the evidence to date it can be concluded that
environmental concerns are important for understanding and promoting pro-environmental
behaviour (although environmental concern does not always translate into action) and that
giving people tailored information on what they can do to reduce their environmental
impact, together with frequent feedback on their actions, especially comparative feedback
(e.g., how close they are to achieving their energy conservation goal or how much they recycle
compared to neighbours) can assist that behaviour.

3.6 Summary

This section has examined the nature and drivers of energy sufficiency, drawing in
particular on the literature on pro-environmental behaviour. There are five main
conclusions:

First, there is no single definition of energy sufficiency, but it is useful to distinguish
between energy sufficiency as an action relevant to a single energy service, and energy

energysufficiency.org 32


https://www.energysufficiency.org/

Energy Sufficiency and Rebound Effects

sufficiency as a goal relevant to all energy services. While the latter would have more far-
reaching impacts, it is harder to defend, operationalise and achieve.

Second, for energy sufficiency as an action, it is useful to distinguish between actions
involving restraint and those involving substitution. Care must also be taken with the
definition of energy services, since these need not involve direct energy consumption. While
most energy sufficiency actions focus upon highly visible energy services, such as car travel,
the embodied energy/emissions associated with other goods and services can form a large
share of the total energy/emission footprint of a household. In addition, some commonly
advocated actions such as turning lights off in unoccupied rooms may have only a marginal
impact on energy use and emissions, while less popular measures such as reducing flying
may have a much greater impact.

Third, for energy sufficiency as a goal, both the total amount of household expenditure and
the targeting of that expenditure become important. Since total environmental impacts are
strongly correlated with household income, downshifting to a lower level of income can
potentially reduce a household's total environmental impact. But since various physical,
economic and social factors obstruct downshifting, the proportion of people with the ability
to downshift may be relatively small - and the proportion of people with both the ability and
inclination may be smaller still.

Fourth, to reduce the rebound effects from energy efficiency improvements, households
must limit consumption of the relevant energy service(s) (minimising the direct rebound
effect) and re-spend the cost savings on less energy-intensive goods and services
(minimising the indirect rebound effect). In other words, they must complement the energy
efficiency improvement with informed sufficiency actions across all areas of consumption.
This requires strong motivation, a desire for consistency and a good understanding of the
relative environmental impacts of different goods and services.

Fifth, the social psychological literature suggests that energy sufficiency actions are
primarily motivated by environmental values, but also by self-interest. Awareness of the
environmental impact of different actions tends to be limited, with the result that people
may not prioritise the most effective actions. Relevant enablers of sufficiency actions
include tailored information and frequent and comparative feedback, but financial
incentives may in some circumstances be counter-productive.
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4 Can energy sufficiency create rebound
effects?

4.1 Introduction

The previous two sections have summarised the nature and magnitude of rebound effects
from energy efficiency improvements, introduced the concept of energy sufficiency and
investigated how sufficiency actions could potentially mitigate rebound effects. But it is
essential to recognise that sufficiency actions have rebound effects of their own that can
offset the energy and emission savings from those actions. Building upon the concepts
introduced in earlier sections, this section summarises the mechanisms underlying these
‘sufficiency rebound effects’, the evidence that is available on their magnitude following
different types of sufficiency action and the conditions under which they may be larger or
smaller. The following section discusses the rebound effects from sufficiency actions, while
Section 4.3 discusses the rebound effects from downshifting. Section 4.4 examines the
additional psychological factors that may generate sufficiency rebounds - commonly
grouped under the heading of negative spill-overs.

4.2 Rebound effects from sufficiency actions

4.2.1 Drivers of rebound effects from sufficiency actions

As discussed in Section 3, sufficiency actions involve voluntary reductions in the
consumption of energy services, such as turning lights off in unoccupied rooms (less
lighting), cycling to work rather than taking the car (less car travel) or wearing clothes for
longer (less clothes washing). In contrast to improving energy efficiency, sufficiency actions
do not reduce the effective price of the energy service, do not require investment in durable
goods and do not entail capital or operating costs. But they will lead to savings in energy
costs - and in some cases may also lead to savings in other types of costs, such as car
maintenance, replacement light bulbs and detergents.

Sufficiency actions can be analysed using the simple microeconomic framework introduced
in Section 2. This disaggregated the behavioural response to an energy efficiency
improvement into an income effect and a substitution effect. Unlike efficiency
improvements, sufficiency actions should not be associated with any substitution effects,
since the effective price of the relevant energy service (e.g. lighting) remains unchanged.
However, they will be associated with income effects since the savings in energy costs will
be available for re-spending on other goods and services. Hence, sufficiency actions will
lead to indirect rebound effects.

The savings in energy costs may be treated in a similar manner to an increase in real
income - with the qualification that the additional income is not spent on the relevant
energy service. If consumer preferences remain unchanged, the pattern of re-spending will
be similar to historic patterns and can therefore be estimated from econometric evidence on
the income elasticities of different categories of goods and services (i.e. the percentage
increase in consumption following a 1% increase in household income).* Normal goods will
be associated with a positive indirect rebound effect and inferior goods will be associated
with a negative indirect rebound effect (Annex 1).12 The overall effect will depend upon the
distribution of re-spending between different goods and services, together with the relative
energy/emission intensity of those goods and services. Note that the re-spending may be

11 The correct approach to estimating the pattern of re-spending uses the marginal propensity to consume different
goods and services (as indicated by income elasticities) rather than the average propensity (as indicated by the
current distribution of expenditure). So for example, overseas holidays may form a small proportion of current
expenditure, but may form a larger proportion of marginal (i.e. additional) expenditure. UK data suggests that, for
households with a median level of income, marginal expenditure is less emission-intensive than average
expenditure.

12 Consumption of normal goods increases with income (positive income elasticity) while consumption of inferior
goods decreases with income (negative income elasticity). An example of the latter could be ‘value’ food products
that are replaced with high quality products as income increases.
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associated with both direct energy use/emissions (e.g. spending the cost savings from more
efficient heating on more lighting) and with embodied energy use/emissions (e.g. spending
the cost savings on more ready-meals). In contrast to energy efficiency improvements, the
use of income elasticities should provide an unbiased estimate of the sufficiency rebound
effect. This is because, in the absence of any price changes, there is no substitution effect.

This approach assumes that the sufficiency action is confined to the relevant energy service
and that preferences otherwise remain unchanged. But in practice, preferences may well
change, especially if (as we assume) the sufficiency action is motivated by environmental
concerns. For example, it is possible that individuals will reduce their consumption of other
environmentally damaging goods and services (‘spill-over’). However, is also possible that
individuals will increase consumption of those goods and services if they consider that the
sufficiency action gives them a ‘moral license’ to do so. These contrasting outcomes are
discussed in Section 4.4.

Given the large differences in the energy/emission intensity of different categories of goods
and services, the size of the sufficiency rebound effect will be highly sensitive to the
particular pattern of re-spending. So for example, goods with low energy/emissions
intensity may nevertheless contribute a large indirect rebound effect if they constitute a
large share of total re-spending. To illustrate, Figure 8 compares the GHG-intensity of
expenditure (tCO2./£), the share of total expenditure (%) and the share of total GHG
emissions (%) of 17 categories of goods and services for an average UK household [8]. This
shows that spending £1 on electricity and gas creates up to ten times more GHG emissions
than spending £1 on other commodities. But the emission intensity of energy commodities
is offset by their small share of total expenditure, with the result that direct energy
consumption only accounts for 41% of an average UK household’s ‘GHG footprint’, split
between 29% domestic energy (i.e. electricity, gas and other fuels) and 12% vehicle fuels.

Figure 8 aggregates household expenditure into only 17 categories which understates the
variation in energy and emission intensity between individual products. For example, some
food products (e.g. beef) are far more emission-intensive than others (e.g. potatoes) and
products that are similar in terms of GHG emissions can vary widely in price (e.g. farmed
versus wild salmon). In addition, some products may be relatively emission-intensive (e.g.
beef owing to methane emissions from livestock) but less energy-intensive, and vice versa.
As a result of these variations, the size of the indirect rebound effect will depend upon the
distribution of re-spending both within and between the expenditure categories in Error!
Reference source not found. as well as upon the metric used.

The rebound effect may also be larger for sufficiency actions that reduce other costs. For
example, if a household gives up car travel altogether, they will save on maintenance,
insurance, and vehicle tax as well as on road fuels. These additional cost savings will also be
available for re-spending, thereby amplifying the rebound effect. Put another way, the
greater the economic benefit from the sufficiency action, the larger the indirect rebound
effect [40]. In addition, since expenditure on car insurance and maintenance is less energy
and emission-intensive than expenditure on road fuels, the rebound effect associated with
the former will be proportionately larger than that associated with the latter.
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Figure 8. Estimates of the GHG-intensity of expenditure, share of total expenditure and share
of total GHG emissions by category for an average UK household

Source: Druckman et al [9].

Note: Estimates include both direct and embodied emissions and allow for the variation of product
taxation between categories. The latter contributes to the comparatively low emission intensity of
vehicle fuels compared to electricity and gas.

Re-spending the cost savings from sufficiency actions may also lead to various secondary
effects. In particular, sufficiency actions, if widely adopted, will lower energy prices that will
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in turn encourage increased energy consumption (see Error! Reference source not
found.). Effectively, the choice of some people to reduce their energy (service)
consumption will trigger a reduction in energy prices that will in turn encourage other
people to increase their energy (service) consumption [138]. Similar impacts may occur in
markets for goods that are complements to the relevant energy carrier, but there may be
offsetting impacts in markets for goods that are substitutes to the energy carrier.

Depending upon both the number of people adopting sufficiency actions and the structure
of the relevant markets, these effects may occur at the local, national, regional or global
level. Since energy is a necessity, the fall in energy prices should benefit low-income groups.
But there may be offsetting price increases for substitute goods, and any reductions in
energy prices will also benefit high-income groups (e.g. making it cheaper for the wealthy to
heat their swimming pools). Moreover, if the energy carrier is used for multiple energy
services (e.g. electricity), it is possible that the same people who chose to reduce
consumption of one energy service (e.g. electric heating) will be encouraged to increase
their consumption of another energy service (e.g. lighting) to take advantage of the lower
energy prices. This last outcome may be of limited importance if the relevant energy
services are price-inelastic, and may be mitigated if the energy sufficiency actions are
comprehensive - that is, consumers restrict their use of a wide range of energy services.

4.2.2 Estimates of indirect rebound effects from sufficiency actions

There is a small but growing body of literature that estimates the magnitude of indirect
rebound effects from sufficiency actions, but none that estimate secondary effects. Most
studies employ estimates of the income elasticity and energy/emission intensity of different
categories of goods and services (see Annex 1 and 2), but they vary widely in their
methodological approach, level of disaggregation of household expenditure and choice of
sufficiency actions. The most prominent studies are summarised below.

A pioneering study in this area is Alfredsson [139], who investigates a mix of energy
efficiency improvements and sufficiency actions in food, travel and utilities (heating and
electricity) by Swedish households. Alfredsson estimates that a shift towards ‘green’ diets
would reduce food-related energy consumption by 5% and food expenditure by 15%, but re-
spending the cost savings would lead to rebound effect for carbon emissions of ~200%. This
high rebound results from the fact that food products have a lower GHG-intensity of
expenditure than domestic energy and transport fuels, and a proportion of the re-spending
is directed towards the latter. The green travel and green housing scenarios are estimated to
have rebound effects of 15% and 20% respectively, while combining all three scenarios leads
to a rebound effect of 35%. The latter involves a comprehensive set of actions, but only
reduces energy use by 8% and carbon emissions by 13%.%

Carlsson-Kanyama et al [140] use a similar approach to Alfredsson, but find that a shift to
‘green’ food consumption reduces overall energy consumption. This result follows in part
from their assumption that ‘green’ diets are more expensive (owing to the higher cost of
locally produced organic food), thereby leading to a negative rebound effect.'* The
importance of variations in the price and quantity of individual products is also emphasised
by Girod and de Haan [141], who find that Swiss households with low GHG emissions spend
more on high-quality goods and services. But while shifting towards higher price goods will
reduce the rebound effect, the aggregate impact will also depend upon the relative emission
intensity of high and low price goods. For example, Thiesen et al. [142] compare two Danish
cheese products - one with ‘traditional’ packaging and the second with ‘convenience’
packaging. Since the latter is more expensive, purchasers of the traditional product save
money that can be spent upon other goods and services. Using life-cycle analysis, Thiesen et
al. [142] estimate that the traditional cheese is three times more emission-intensive, but
this increases to seven times when the re-spending is allowed for.

13 Alfredsson also observes that: “....reductions in...CO- emissions achieved by adopting an overall ‘green”
consumption pattern are outpaced, almost as soon as they are implemented, by increases in CO. emissions as a
result of increasing consumption...”.

14 Purchase of relatively expensive organic foods meant that households had less to spend on other goods and
services, so the emissions associated with consuming those other goods and services were correspondingly reduced
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Lenzen and Dey [143] also explore the impacts of a ‘green diet’, involving a 30% reduction
in food expenditure. This achieves significant reductions in food-related energy
consumption and GHG emissions, but once re-spending is allowed for, total energy
consumption increases by 4-7%. Lenzen and Dey estimate a rebound effect of 112-123% for
energy consumption, but only 45-50% for GHGs owing to the large reductions in methane
emissions from livestock. These contrasting results highlight the importance of the choice
of rebound metric.

The Lenzen and Day study has the drawback that the ‘green’ diet has a lower calorific
content than a traditional diet. Grabs [144] overcomes this problem by modelling a switch
to a vegetarian diet [145] while holding calorific content constant. This shift reduces food-
related energy consumption by 16% and food-related GHG emissions by 20%, but the re-
spending leads to rebound effect of 95-104% for energy and 49-56%% for GHGs. Grabs also
finds that rebound effects are larger for low income groups.

Murray [40] models a mix of energy efficiency improvements and sufficiency actions by
Australian households. For households with median income, reducing vehicle use leads to a
rebound effect of 15-17%, while reducing electricity use leads to a rebound effect of 4.5-
6.5%. One reason rebound effects are larger for reducing vehicle use is that additional
savings are made on car maintenance and other costs. Murray also finds that rebound
effects are larger for low income groups.

Druckman et al [9] model three sufficiency actions by UK households, namely: reducing
internal temperatures by 1°C; eliminating food waste; and replacing car travel with walking
or cycling for trips less than two miles. Re-spending the associated cost savings is estimated
to lead to rebound effects of 7%, 51% and 25% respectively, or 34% for the three actions
combined. In the case of the latter, spending all the cost savings on the least GHG intensive
category leads to a rebound of 12% - which may be considered the minimum possible.
However, Druckman et al use only 17 expenditure categories and most categories are likely
to contain products with lower emission intensity. Nevertheless, re-spending all the cost
savings on low-impact products seems unrealistic.

Chitnis et al [8] model the same actions to Druckman et al [9], and find that rebound
effects are modest (12-17%) for reducing internal temperatures, larger (25-40%) for
reducing vehicle use and very large (66-106%) for reducing food waste. These differences
are explained by the GHG-intensity of expenditure (in £/tCO.¢e) on each of these categories
(which is high for heating fuels, lower for vehicle fuels and lower still for food products)
relative to the average GHG-intensity of re-spending. Differences in the GHG-intensity of
expenditure on each category are in turn influenced by the level of taxation on each
category - which is low for heating fuels in the UK but very high for vehicle fuels. Chitnis et
al also find that rebound effects are larger for low-income groups (Figure 9) because they
spend a greater proportion of their cost savings on necessities such as food and heating that
tend to be relatively GHG-intensive.

Finally, Bjelle et al [42] model a comprehensive set of 34 actions that Norwegian
households could take to lower their GHG footprint - including both common energy
sufficiency actions such as reducing car travel, and less common actions such as increasing
the lifetime of household goods and reducing plastic use. They model average, marginal and
‘green’ re-spending patterns, where the latter involves avoiding re-spending on the most
emission-intensive products. The study is notable both for the level of detail in the analysis,
and the comparison of marginal and green re-spending. With the former, the average
rebound effect across all the actions is 59%, while with the latter it reduces to 40%. The
results in this study are influenced by the low GHG-intensity of electricity in Norway (owing
to the large share of hydro), but this does not explain their comparatively low estimate for
the rebound effect from food-related measures (16%).
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Figure 9. Estimates of the indirect rebound effect from reducing vehicle use for different
income groups in the UK
Source: Chitnis et al [8].

Table 4 summarises and compares the results from these different studies. The key lesson is
that indirect rebound effects appear larger for actions affecting transport fuels than for
those affecting heating or electricity, and very large for actions affecting food consumption.
These differences can be explained by the relative energy/emission intensity of these
commodity groups (Figure 8), together with the extent to which the sufficiency actions
affect other costs, such as car maintenance. The studies also suggest that indirect rebound
effects are larger for low-income groups and vary with the metric used (i.e. energy, carbon
or GHG’s). Factors such as the emission intensity of electricity generation and the level of
commodity taxation (especially for transport fuels) can have a significant influence on the
magnitude of rebound effects, and these vary widely from one country to another.

One notable finding is that taxing energy commodities leads to larger indirect rebound
effects, since it amplifies the cost savings from sufficiency actions [8]. But higher taxation
also provides a financial incentive to reduce direct energy consumption and may also
encourage some sufficiency actions. The net effect of taxation on energy use and emissions
will depend upon the own-price elasticity of the relevant energy commodities and the
energy/emission intensity of expenditure on energy commodities relative to that of other
goods and services. But it will also depend upon various macroeconomic adjustments, as
well as how the taxation revenues are spent. Neither of these are captured by the above
studies, but both could be of considerable importance.

Table 4. Estimates of the indirect rebound effects from sufficiency actions

Author Region No. of Measures Metric Rebound effect (%)
categories

Alfreddson Sweden 300 Food, travel, utilities CO2 Food: 200%

[38] Travel: 35%
Utilities: 20%

Lenzen Australia 150 Food Energy & Energy: 112-123%

and Day GHGs GHGs: 45-50%

[37]

Grabs Sweden 117 Food Energy & Energy: 95-104%

[144] GHGs GHGs: 49-56%

Murray Australia 36 Transport, electricity GHGs Transport: 15-17%

[40] Electricity: 4.5-6.5%
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Author Region No. of Measures Metric Rebound effect (%)
categories

Druckman UK 17 Heating, transport GHGs Heating: 7%

etal [9] food Transport: 25%
Food: 51%

Chitniset UK 20 Heating, transport, GHGs Heating: 12-17%

al [8] food Transport: 25-40%
Food: 66-106%

Bjelle etal Norway 12 Transport, utilities, GHGs Transport: 83%

[42] food, waste, other Heating: 35%
Clothing: 89%
Food: 16%

Furniture: -51%
Paper: 190%
Plastic: 95%

4.3 Rebound effects from downshifting

The studies reviewed above all assume that nominal income is unaffected by the sufficiency
action. In other words, individuals are assumed to continue to work and earn as much as
before. But as discussed in Section 3, an alternative approach to energy sufficiency is
downshifting - defined here as a voluntary reduction in income. At the individual level,
downshifting may occur through moving to a lower paid (but more satisfying) job, or
through reducing working hours. It could also be achieved at the collective level through
government regulation on working hours, but here the impacts on income are less
straightforward. The primary attraction of downshifting is more leisure time and improved
quality of life [86,146,147]. But as argued in Section 3, only a small number of households
may have both the ability and inclination to make such a move.

Downshifting should have environmental benefits since the reduction in income will
necessitate a reduction in consumption. As noted in Section 3, total (i.e. direct plus
embodied) household energy use and emissions are strongly correlated with (equivalised)
household income. For example, Nassen and Larsson [148] estimate the income elasticity of
Swedish household GHG emissions to be 0.84, while Kerkhof et al [149] estimate a similar
figure for Dutch households.

But while this correlation suggests that downshifting households will reduce their energy
use and emissions, it does not mean that they will achieve a proportional reduction.
Although downshifting does not lead to an indirect rebound effect (since the income effect
is negative), there are other reasons why the environmental benefits of downshifting may be
less than anticipated. These include: a) changes in the pattern of household expenditure; b)
changes in labour productivity and employment; and c) secondary effects, including
energy market effects. Each is briefly discussed below.

4.3.1 Changes in the pattern of household expenditure

If consumer preferences remain unchanged, the change in spending patterns from
downshifting may be estimated from income elasticities (Annex 1). With lower income,
consumption of normal goods should fall and consumption of inferior goods should
increase. The impact on energy use and emissions will depend upon the distribution of
foregone spending between different goods and services, together with the relative
energy/emission intensity of those goods and services. The reduction in energy use will only
be proportional to the reduction in income if the energy intensity of foregone consumption
is equal to the energy intensity of ‘pre-downshift’ consumption - in other words, if the
income elasticity of energy intensity is unity. In practice, this elasticity may be greater or
less than unity, and if it is less than minus 1, reductions in expenditure will be associated
with an increase in energy use.

In practice, low income households tend to spend a larger proportion of their budget on
‘necessities’ such as food and drink that are relatively energy intensive [8]. As a result, the
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income elasticity of energy intensity is likely to be less than unity. Hence if downshifting
households follow typical expenditure patterns, the reduction in energy use will be
proportionately less than the reduction in income.’s However, households could also choose
to modify their expenditure patterns, and to prioritise additional sufficiency actions (e.g.
giving up vacations abroad). In these circumstances, the energy savings from downshifting
could be amplified by the additional energy savings from these additional sufficiency
actions.

A key driver of changes in expenditure patterns could be changes in time use. If
downshifting households reduce their working hours, they will have more leisure time and
may become less concerned about saving time and more concerned about saving money
and energy [140]. For example, they may choose to travel by public transport rather than by
taxi, to cook at home rather than buy a ready-meal, or to spend time walking and gardening
rather than commuting. If so, the reduction in energy use could be proportionately more
than the reduction in income (i.e. the income elasticity of energy intensity could be greater
than unity). But it is also possible that households will choose more energy-intensive leisure
activities, such as long-distance driving and vacations abroad. The feasibility of these
different choices will depend upon the new level of income. For example, if the household
remains on a relatively high income even after downshifting, they may be able to take more
vacations abroad. And since air travel is particularly energy-intensive, this could lead to an
overall increase in energy use.

4.3.2 Changes in labour productivity and employment

A further complication is that reductions in working time may not necessarily be associated
with reductions in income at either the individual or the aggregate level. To understand
this, it is useful to decompose the per capita GDP of a country (€/person) as the product of
the employment rate (%), average annual worktime per worker (hours) and average labour
productivity (€/hour) [150]:

GDP Workers  Work _time ,  GDP

Population - Population ~ Workers  Work _time

If employment and productivity are unaffected by changes in average worktime, widespread
adoption of downshifting would reduce per capita GDP. However, the relationship should
really be expressed as an equation since the variables are endogenous (i.e. they depend
upon each other). Reductions in average worktime could be associated with, or enabled by,
increases in labour productivity, which in turn could lead to an increase in hourly wages.
Similarly, downshifting through job sharing could increase the employment rate, thereby
offsetting the reduction in average working hours among the working population.
Adjustments such as these would offset the reduction in per capita GDP and aggregate
consumption, and thereby offset some of the environmental benefits of downshifting. As
with the paradox of thrift, what works at the individual level may not necessarily work at
the level of the economy as a whole.

4.3.3 Secondary effects

Downshifting will also lead to other secondary effects at the level of the macro-economy. In
particular, lower energy use by downshifting consumers will reduce energy prices and
thereby encourage increased energy use by other consumers, both in the same country and
abroad [138]. As noted in Section 2, this energy market rebound can be significant and will
offset the energy and emission savings from downshifting.

In addition, large-scale downshifting may have detrimental effects on aggregate social
welfare. Although downshifting households may benefit from increased leisure time, their
reduced spending will mean less income for producers, less economic activity and slower
economic growth. This in turn could mean reduced profits, more bankruptcies, higher

15 Similar conclusions follow from cross-sectional comparisons of the energy and emission intensity of different
countries.
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unemployment, more foreclosures, lower tax revenues, cuts in public services and increased
poverty. Hence, any benefits from increased leisure time and reduced energy use and
emissions need to be balanced against these potential reductions in economic activity and
consequent impacts on welfare. Options are available to mitigate these negative impacts,
but they require collective rather than individual action.

4.3.4 Estimates of rebound effects from downshifting

The potential impact of reduced income on energy use and emissions can be estimated in a
similar manner to indirect rebound effects: namely, by combining estimates of the income
elasticity and energy/emission intensity of different categories of goods and services. But these
studies do not capture the additional effect of changes in time use. For the latter, is
necessary to include measures of time use within the econometric model. Building upon the
pioneering work of Schor [145], there is a small but growing literature in this area that uses
either macro-data on average working times in different countries, or micro-data on time
use patterns for individual households. Four examples are summarised below.

Rosnick and Weisbrot [9] estimate primary energy consumption as a function of per capita
GDP, employment rate (%), average work hours and other variables for 48 countries in
2003. They estimate an elasticity of energy consumption with respect to work hours of 1.33
- suggesting that reductions in working time are associated with a more than proportionate
decrease in energy consumption (holding other variables constant). But a relationship
estimated from cross-sectional data in a single year cannot necessarily be applied to
worktime reductions in particular countries.

Knight et al [146] estimate similar models for carbon emissions for 29 high-income
countries over the period 1970 to 2007. They estimate a similar elasticity to Rosnick and
Weisbrot, but when they control for per capita GDP they find the coefficient on work hours
to be insignificant - thereby suggesting that the reduction in carbon emissions derives
primarily from the reduction in income rather than changes in time use. However, if
changes in income are the primary driver, Knight et al’s estimate of income elasticity
appears unusually high [81,149,151]. Also, incomes were growing during most of this time
period, and the estimated elasticities may not hold for reductions in income.

Nassen and Larsen [148] take a micro approach, combining expenditure and time use data
for Swedish households. Their results suggest that a decrease in working time by 1% is
associated with a 0.7% reduction in energy use and a 0.8% reduction in GHG emissions.
They further find that reductions in income are the primary cause, with shifts in time use
accounting for only one tenth of the total. Nassen and Larsen’s income elasticity estimates
are closer to the consensus in the literature.

Shao and Shen [150] extend the above studies by investigating the potential for non-linear
relationships between working time and environmental impacts [150]. Using data from EU
15 countries over the period 1970-2010, they employ a ‘threshold auto regression’ technique
to test for turning points in this relationship. Their results suggest reduced working hours
may be associated with increased environmental impact in some high-income countries,
such as Germany and Denmark — contradicting the conclusions of the other studies. One
possible explanation for this result is that, beyond a certain level of income, additional
leisure time is used for relatively energy and carbon intensive activities - such as more
travel.

In sum, the literature has yet to reach a consensus on the relationship between working
time and energy use/emissions. While most studies suggest that reduced working time is
associated with reductions in energy use and emissions, they disagree on whether these
benefits are proportionately larger or smaller than the reduction in income. In addition, it
seems likely that the relationship depends upon both the initial level of income and the
initial number of working hours.
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Table 5. Estimates of elasticities of energy use or emissions with respect to
changes in working time

Study Metric Elasticity = Method and data

Rosnick and Weisbrot [9] Energy 1.33 Panel data, 48 countries, 2003-2005

Knight et al [146] Carbon 1.30 Panel data, 29 OECD countries, 1970

2007

Fitzgerald et al [61] Energy 0.32 Panel data, 52 countries, 1990-2008

Nassen et al [64] Energy 0.83 Household expenditure and time-used
GHG 0.85 data, Sweden 2006

Nassen and Larsen [148] Energy 0.70 Household expenditure and time-use
GHGs 0.80 data, Sweden 2006

4.4 Psychological drivers of sufficiency rebounds

Deeper insight into the potential for sufficiency rebounds may be obtained by moving
beyond these economic models and considering some of the broader psychological factors
that influence sufficiency-related decisions. The key issue here is how sufficiency actions in
one area (e.g. cycling to work) influence decisions in other areas (e.g. electricity use,
vacations abroad).

The social psychology literature has long recognised that the adoption of a pro-
environmental behaviour in one area can make the adoption of a pro-environmental
behaviour in another area more likely. However, in some circumstances it can make the
adoption of that behaviour less likely. These contrasting outcomes are termed positive spill-
over and negative spill-over respectively - although other terms are also used [3,101].
Negative spill-over may be considered a form of rebound effect that offsets the original
energy and emission savings, while positive spill-over acts to increase those savings. Or in
other words, negative spill-over is a positive rebound effect while positive spill-over is a
negative rebound effect.

Positive and negative spill-overs may be associated with both energy efficiency
improvements and sufficiency actions (Table 1). But the econometric techniques used to
estimate indirect rebound effects operate at too aggregate a level to capture such effects -
which are likely to vary widely from one household to another. Instead, spill-overs can be
better explored through experimental and survey methods. Clearly, much depends upon:
first, whether a particular efficiency improvement or sufficiency action leads to positive or
negative spill-over; and second, whether the induced behaviour is more or less
energy/emission-intensive than the original behaviour. For example, recycling achieves
only limited GHG emission reductions, whereas giving up car use achieves 5 to 25 times
greater emission reductions [8]. Hence, if engaging in recycling encourages less car use
(positive spill-over) the GHG benefits of recycling will be greatly enhanced (a negative
sufficiency rebound). Conversely, if engaging in recycling encourages more car use
(negative spill-over) the outcome will be higher GHG emissions (a positive sufficiency
rebound exceeding 100%).

There are a number of psychological models that explain why and how the adoption of a
particular behaviour may influence subsequent behaviours. These typically emphasise the
motivations for undertaking the initial behaviour, together with the type of social feedback
people receive about that behaviour (e.g., being praised for being environmentally friendly
or for being frugal). Evidence suggests that positive spill-over is more likely when people
have strong pro-environmental values and when feedback on the original behaviour
reinforces those environmental values, for instance by receiving praise for being
environmentally friendly. However, if the original behaviour is motivated more by
economic incentives, negative spill-over is more likely to occur. Evidence also suggests that
the financial or other costs (e.g. time, inconvenience) of the original behaviour play an
important role. Specifically, costly pro-environmental behaviour is associated with a
strengthening of one’s moral self-identity and thereby positive spill-over, while low cost
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behaviour is associated with ‘moral licensing’ of subsequent behaviour and thereby negative
spill-over [136].

Both energy efficiency improvements and sufficiency actions may lead to cost savings and
hence financial gains. However, there is evidence that financial incentives are not only less
effective in encouraging pro-environmental behaviour, but can even discourage that
behaviour [134-137]. One explanation of this observation is that people are balancing
competing goals. Steg and colleagues suggest that people are guided by three overarching
goals: hedonic goals (short term pleasure), moral goals (doing the right thing) and gain
goals (control, power, wealth, fame) [152-154]. They also suggest that the salience of these
goals depends upon the context. For instance, hedonic goals may be more salient on a night
out whereas gain goals may be more salient when applying for a job. The theory suggests
that moral goals tend to be the weakest and need support to become salient [152-154].
Moreover, when hedonic and gain goals are strengthened, moral goals are weakened
further. This means that promoting pro-environmental behaviour by focusing on hedonic
goals (e.g. this action will bring you pleasure) or gain goals (e.g. this action will make you
look successful) could weaken or undermine moral goals (e.g. this action will reduce your
carbon footprint). Since financial incentives strengthen hedonic and gain goals, they could
potentially undermine moral goals. For example, Bolderdijk et al [134] show that behaviour
with both economic and environmental benefits can be encouraged by interventions that
highlight the environmental benefits, but not by interventions that highlight the financial
benefits. Similarly, Schwarz et al [100] find that highlighting the financial benefits of an
energy-saving program reduces people’s willingness to enrol in that program and results in
less consideration of the environmental benefits of the program.

Jacobsen, et al. [155] find evidence of negative spill-over in a US green power program.
Participation in the program was voluntary, and the households who ‘bought into’ the
program at the minimum level were found to subsequently increase their electricity
consumption. However, households who bought in at a higher level did not significantly
change their electricity consumption. One explanation for this could be that households
who have a higher level of environmental commitment are less likely to exhibit negative
spill-over. A large investment indicates that people care about the environmental impact of
electricity use, which then (positively) spills over into other behaviour.

As noted in Section 3, most research in this area assumes that pro-environmental behaviour
is motivated by environmental values. Such behaviour may be costly to the individual (e.g.
in time, money or inconvenience) but is nevertheless perceived as the ‘right’ thing to do.
The behaviour could therefore be primarily driven by guilt [90,126] and it is guilt that
underlies the concept of moral licencing. The idea here is that doing something ‘good’
makes people feel less guilty about subsequently doing something ‘bad’ [156]. Hence,
adopting a particular moral behaviour makes people less likely to adopt subsequent moral
behaviours.

Moral licencing has been demonstrated in consumer, social, health and other domains
where people have been shown to be more likely to adopt a selfish or self-indulgent
behaviour after having adopted a moral or good behaviour. For example, Tiefenbeck et al
[157] find that feedback on water consumption lowered water consumption but increased
energy consumption (although Truelove et al [3] question the statistical significance of this
result). Mazar and Zhong [158] find that mere exposure to green products activates social
responsibility but actually purchasing those products results in moral licensing.1¢ Miller et
al [159] find that focus group participants do not feel a need to be environmentally friendly
on vacation if they engage in pro-environmental behaviours at home [159]. Similarly
Kléckner et al [160] find that Norwegian electric car owners both drive more than
conventional car owners and report less obligation to reduce car use.

Overall, there is strong evidence that moral licensing is prevalent in a variety of domains,
including many that are relevant to energy and climate change [136,161-165]. However,
there is also evidence that moral licensing is not inevitable and is less likely when initial

16 Their study involved students playing an on-line shopping game in either a green store or a conventional store and
subsequently playing a game in which they could win money. They found that students buying in green store were
more likely to cheat and steal in the subsequent game.
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behaviours are costly and when they reinforce moral and environmental values and
identities [101,126,166]. A relevant factor here is the perceived need for consistency in
moral behaviour [125]. Many studies have demonstrated how reminders of morality can
strengthen a person's moral identity and encourage future moral behaviour. For example,
Van der Werff et al [166] show how reminders of past ‘good’ behaviour can increase
adoption of subsequent good behaviour, especially when the past behaviour was costly
and/or provided a strong signal that the person was pro-environmental. Similarly, Gneezy
et al [136] find that costly behaviours are more likely to lead to positive spill-overs.
Moreover, adopting a pro-environmental behaviour to avoid paying a fine can also
strengthen a moral or environmental self-identity as was shown in a study evaluating the
introduction of the plastic bag charge in Wales [167]. In addition there is evidence that
making someone adopt a pro-environmental behaviour reinforces their pro-environmental
identity — effectively a ‘foot in the door’ technique [131].

In sum, the social psychology literature provides a wealth of insights and evidence that can
help explain when sufficiency rebounds are likely to be larger or smaller, and help identify
ways in which they may be minimised. Key insights include: a) sufficiency actions may
encourage ‘spill-over’ behaviour in other areas that may either increase or offset the original
energy and emission savings; b) positive spill-over is more likely to occur when people have
strong pro-environmental values and when the sufficiency action entails significant
financial or other costs (e.g. inconvenience); and c) negative spill-over is more likely to
occur when people have weaker environmental values and feel less need for consistency in
their behaviours, and/or when the initial action involves little cost and is partly motivated
by financial gain. The last observation is particularly important for policy, as many attempts
to encourage sufficiency actions focus upon cost savings from those actions. But not only
does re-spending the cost savings create an indirect rebound effect, emphasising those
cost savings could encourage moral licensing and thereby amplify that rebound effect.

4.5 Summary

This section has examined the rebound effects from sufficiency actions. Although these
have received comparatively little attention in the literature, they may in some cases be
large. There are five main conclusions:

First, re-spending the cost savings from sufficiency actions leads to indirect rebound effects.
The size of these will depend upon the energy/emission intensity of the re-spending relative
to that of the original energy service. Sufficiency actions that save on other types of cost
(e.g. car maintenance) will have larger rebound effects. Sufficiency actions may also lower
energy prices, thereby encouraging other people to increase their energy consumption.

Second, evidence suggests that indirect rebound effects are modest (e.g. <10%) for
sufficiency actions affecting electricity use and heating, larger (e.g. 20-40%) for those
affecting transport fuels and very large (e.g. 60-100%) for those affecting food products.
Shifting to a vegetarian diet, for example, could potentially increase global GHG emissions.
Rebound effects tend to be larger for low-income groups than for high income groups
within a country and for energy carriers that are subject to energy/carbon taxation.
However, the precise figures are sensitive to the context and metric used and may vary
widely from one country to another. Also, none of the estimates to date incorporate
secondary effects.

Third, downshifting reduces aggregate consumption and hence the environmental impact of
that consumption. But downshifting may also encourage changes in expenditure and time-
use patterns that offset at least some of the energy and emission savings. Downshifting will
also lower energy prices and have complex impacts on the broader macro-economy. Hence,
the reduction in energy use and emissions from downshifting may not be proportional to
the reduction in income.

Fourth, if people engage in sufficiency actions in one area they may consider they have
‘moral licence’ to be less environmentally responsible in other areas (negative spill-over).
Such outcomes are more likely to occur when people have weak environmental values and
when the initial action involves little cost and is partly motivated by financial gain. Moral
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licensing is therefore an additional, non-economic source of rebound — and one that could
be amplified by policies that emphasise the cost savings from sufficiency actions. However,
engaging in sufficiency actions may also encourage people to be more environmentally
responsible in other areas (positive spill-over). This appears likely to occur when people
have strong pro-environmental values and when the sufficiency action entails significant
financial or other costs. The balance between positive and negative spill-over may therefore
be critical to the effectiveness of any sufficiency actions.
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5 Summary and implications

This report has examined the relationship between energy sufficiency and rebound effects -
focusing solely upon actions by consumers. The key insight is that while energy sufficiency
actions may mitigate rebound effects, rebound effects may undermine energy sufficiency
actions.

Below we summarise the main conclusions from the analysis and highlight some relevant
policy implications.

5.1 Rebound effects from energy efficiency

It is misleading to talk about a single rebound effect. Instead, rebound effects are the net
result of multiple mechanisms that sometimes reinforce and sometimes offset each
other, and their magnitude varies widely between different situations and over time.
While attention frequently focuses solely upon direct rebound effects, the indirect and
secondary effects may be equally if not more important in many cases.

The drivers of rebound effects are the same as the drivers of improved welfare. Rebound
effects are associated with increased consumption of both energy and energy services.
They should only be considered undesirable if the external costs of the former exceed the
welfare benefits of the latter.

The evidence suggests that rebound effects are frequently large and therefore should not
be ignored. It is common to find estimates of direct or combined direct and indirect
rebound effects that exceed 30%, especially for energy efficiency improvements by low-
income groups - and the limited evidence from macroeconomic models suggest that
economy-wide effects could be larger still. However, since it is rare to find rebound
effects exceeding 100%, the majority of energy efficiency improvements should still lead
to energy and emission savings.

5.2 Drivers of energy sufficiency

There is no single definition of energy sufficiency, but it is useful to distinguish between
energy sufficiency as an action relevant to a single energy service, and energy sufficiency
as a goal relevant to all energy services. While the latter would have more far-reaching
impacts, it is much harder to operationalise and achieve.

For energy sufficiency as an action, it is useful to distinguish between actions involving
restraint (e.g. lowering thermostats) and those involving substitution (e.g. cycling rather
than driving). While most actions focus upon highly visible energy services, such as car
travel, the embodied energy/emissions associated with other goods and services form a
large proportion of the total environmental impact of household consumption.

For energy sufficiency as a goal, both the total amount of household expenditure and the
targeting of that expenditure become important. Since total environmental impacts are
strongly correlated with household income, downshifting to a lower level of income can
potentially reduce a household's total environmental impact. But since various physical,
economic and social factors obstruct downshifting, the number of people with the ability
and/or inclination to downshift may be relatively small.

To reduce the rebound effects from energy efficiency improvements, households must
limit consumption of the relevant energy service(s) and re-spend the cost savings on
non-energy-intensive goods and services. In other words, they must complement the
energy efficiency improvement with informed sufficiency actions across multiple areas
of consumption. This requires motivation and a good understanding of the
environmental impacts of different actions.

The psychological literature suggests that energy sufficiency actions are primarily
motivated by environmental values, but also by self-interest. Awareness of the
environmental impact of different actions tends to be limited, with the result that people
may not prioritise the most effective actions. Relevant enablers of sufficiency actions
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include tailored information and frequent and comparative feedback, but financial
incentives may in some circumstances be counter-productive.

» While environmental values are correlated with specific pro-environmental behaviours,
there is little evidence that they are correlated with total environmental impact, once
socioeconomic variables such as household income have been controlled for. However,
this lack of evidence is partly due to the challenge of simultaneously measuring the
environmental values and total environmental impacts of individual households.

5.3 Rebound effects from energy sufficiency

« Re-spending the cost savings from sufficiency actions leads to indirect rebound effects.
The size of these will depend upon the energy/emission intensity of the re-spending
relative to that of the original energy service. Sufficiency actions that save on other types
of cost (e.g. car maintenance) will have larger rebound effects. Sufficiency actions will
also lower energy prices, thereby encouraging other people to increase their energy
consumption.

» Evidence suggests that indirect rebound effects are modest (e.g. <10%) for sufficiency
actions affecting electricity use and heating, larger (e.g. 20-40%) for those affecting
transport fuels and very large (e.g. 60-100%) for those affecting food products. Shifting
to a vegetarian diet, for example, could potentially increase global GHG emissions due to
rebound effects. Rebound effects are larger for low-income groups and for energy
carriers that are subject to energy/carbon taxation. However, the precise figures are
sensitive to the context and metric used.

« Downshifting encourages shifts in expenditure and time-use patterns that offset at least
some of the energy and emission savings from lower overall expenditure. Downshifting
may also lower energy prices and have complex impacts on the broader macro-economy.
Hence, downshifting may not achieve a proportionate reduction in energy use and
emissions.

« If people engage in sufficiency actions in one area they may consider they have ‘moral
licence’ to be less environmentally responsible in other areas. Such outcomes are more
likely to occur when people have weak environmental values and when the initial action
involves little cost and is partly motivated by financial gain. Moral licensing may be
considered an additional, non-economic source of rebound.

« Emphasising the cost savings from sufficiency actions may potentially amplify the
rebound effect by encouraging moral licensing.

5.4 Policy implications

Our results demonstrate the importance of accounting for rebound effects within appraisals
of both energy efficiency and energy sufficiency policies. At present, this tends to be the
exception rather than the rule. While some policy appraisals allow for direct rebound effects
(e.g. for insulation measures), indirect and secondary effects are almost invariably
overlooked. This may be partly because a significant proportion of the relevant effects occur
outside the host country, and partly because the size of these effects remains uncertain. But
failure to take account of these effects will lead to an overestimate of global emission
savings, in some cases by a significant amount.

The most effective way to mitigate rebound effects is likely to be through some form of
carbon pricing. In the EU, this is provided by the EU ETS and a variety of other national
initiatives (e.g. the UK carbon price floor), but prices are low and there is inconsistency of
coverage between sectors and countries. Ideally, a carbon pricing scheme should incentivise
efficiency improvements and sufficiency actions, while at the same time mitigating any
associated rebound effects and protecting low-income groups. This may be best achieved by
economy-wide schemes with revenue recycling that incorporate border carbon adjustments
to capture the emissions embodied in traded goods. However, while financial incentives
encourage energy efficiency improvements they may not be the best way to encourage
energy sufficiency actions. Also, since expenditure by low-income households is
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comparatively energy and emission-intensive, carbon pricing of household energy use
would be regressive without carefully targeted compensation. Such a scheme would also fail
to capture the bulk of emissions from high-income households, the majority of which are
embodied in the goods and services they consume.

The case for economy-wide carbon pricing is reinforced by our observation that taxing
energy commodities leads to larger rebound effects. High taxation means that a unit
reduction in consumption leads to greater cost savings and the re-spending of those cost
savings leads to a larger rebound effect. The paradox is that higher taxation also provides a
stronger incentive to reduce consumption of energy commodities and hence to reduce the
associated direct emissions. However, this problem would be mitigated if the carbon pricing
were economy-wide, since this would raise the price of all goods and services in proportion
to their carbon intensity, and thereby lower the carbon intensity of expenditure (in
tCO.e/£) of those goods and services — and hence of re-spending. It would also provide
incentives to reduce both household emissions and the GHG emissions associated with
manufactured goods. The net result should be to reduce the size of the indirect rebound
effect. But to be fully effective such a scheme would also need to capture the emissions
embodied in internationally traded goods. While mechanisms such as border carbon
adjustments are feasible, they present considerable legal and practical challenges and may
capture only small proportion of the relevant emissions. Ultimately, this form of ‘carbon
leakage’ can only be adequately addressed through the development of international climate
agreements that cover a significant proportion of global emissions.

Cap and trade schemes such as the EU ETS have the advantage of focusing upon the desired
ends (limiting carbon emissions) rather than problematic means to achieve those ends. But
the partial coverage of existing schemes is problematic. For example, as electricity systems
decarbonise, those efficiency improvements and sufficiency actions that affect electricity
use will save fewer and fewer emissions. But they will continue to save money. And if that
money is re-spent on goods and services that are not covered by a cap and trade scheme,
overall emissions can increase [7].

Although carbon pricing incentivises both improved energy efficiency and energy
sufficiency, various other barriers tend to obstruct such actions [168]. Political economy
factors have also made it difficult to either expand the scope or increase the stringency of
carbon pricing schemes [169]. Hence, carbon pricing can only form part of the policy mix
and must be complemented by energy efficiency regulations, information programmes and
other measures. For regulations to be effective, they need to anticipate the possibility of
rebound effects. For example, if standards on the energy efficiency of refrigerators are
specified on a kWh/m3 basis, it is possible for a large, energy efficient refrigerator to use
more energy than a small, inefficient refrigerator. But if the standards for large fridges are
tighter than those for small fridges, this problem can be avoided. Similarly, for information
programmes to be effective, they need to be informed by research in environmental
psychology. For example, emphasising the monetary benefits from sufficiency actions may
be counter-productive, since this may encourage moral licensing. These broader
considerations on policy design are covered in detail in the other reports in this series.
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6 Annex 1 - Formulae for estimating rebound
effects

This Annex develops some mathematical expressions for estimating direct and indirect
rebound effects in a partial equilibrium framework (secondary effects are ignored). The
resulting formulae allow rebound effects to be estimated from the results of econometric
studies.

Let (g represent the quantity demanded of a particular energy service s by a household
(e.g. lumens of lighting), (a the quantity of energy (e) required to provide that energy
service (e.g. kWh of electricity), & :qs/ Je the energy efficiency of the relevant equipment
(e.g. lumens/kWh) and [ the unit price of the relevant energy carrier (e.g. £/kWh). Then
Ps = Pe | € is the ‘energy cost’ of the energy service (e.g. £/lumen). In addition, let X
represent total household expenditure (e.g. in £), Uj the quantity of good or service |

purchased by the household (i =1,...N ) and Pj the unit price of good I . Other goods are

assumed to include other energy services (e.g. heating). Total household expenditure is
then:

X:psqs+ Zpiqi 3

i=1,2..N

Let R, represent the direct rebound effect following a marginal improvement in energy
efficiency and R, the indirect rebound effect. The ‘total’ rebound effect (R, ) is given by the
sum of the two: Ry = Rp + R, - With these definitions, Chitnis and Sorrell [46] derive the
following expression for the total rebound effect:

RT = _UQSrps - Zwinqivps 4
i(i=s)
Where Mg, p, i the own-price elasticity of demand for the energy service ( oln Os [0In Ps),

Ma;,ps 18 the elasticity of demand for good i with respect to the price of the energy service (

dln Q; il ) and Vi is the ratio of energy or emissions associated with expenditure on

good 1 to those associated with expenditure on the energy service:

U; W,

Vi=—— 5
uw

S°'S

Where Wi is the share of commodity i in total household expenditure ( Wi = ( pi Qi ) I X ),
Uj is the energy or emission intensity of that expenditure (in kWh/£ or tCO,/£) and W

and Ug are the corresponding values of these variables for the energy service. The energy

and emission intensities include both direct and embodied emissions.
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6.1 Direct rebound
The first term in Equation 4 is the direct rebound effect ( R5 ):

Ry = Mag.p, 6

Hence, the actual saving in energy consumption will only be equal to the anticipated saving

when this elasticity is zero. If the demand for the energy service is inelastic (0 < Mgg,ps < Dy,

improvements in energy efficiency should reduce energy consumption. But if the demand

for the energy service is elastic (77q, p, > 1), improvements in energy efficiency will
increase energy consumption (backfire).

The direct rebound effect may be decomposed into a substitution effect and an income
effect using the Slutsky equation:

Mag,ps = M, ps ~ Wsllgg,x 7

Where: Mg, x 1s the expenditure (or income) elasticity of the energy service

(a In Js /[0l X) ); and ﬁqs .p, s the compensated own-price elasticity of demand for the

energy service, holding utility constant (4In Os /0In Ps )|U _ ). The second term in

—constant
Equation 7 is the income effect (— W377qs ) and the first term is the substitution effect

(ﬁqS D ). These may either offset or reinforce one another (Error! Reference source not
found.). If estimates of 77qS ,pg are also available the direct rebound effect can be derived,

and if estimates of 7q  x are also available it can be decomposed. In contrast, if only

estimates of 7]q_ x are available, then only the income effect can be obtained. This will

provide a biased estimate of the direct rebound effect since substitution effects will be
overlooked.

Table 6. Determinants of the sign of the direct rebound effect

Nature  Sign of Sign of Relative size of Sign of Sign of
of expenditure compensated income and uncompensated direct
energy  elasticity own-price substitution effects  own-price rebound
service elasticity elasticity effect
Normal =~ Not relevant R~ >0
good  Magx >0 7 p, <0 Tg,.p, <0 b
Inferior = ~ R~ >0
good . Magx <0 7lg,p, <0 7ag.p,| > Wt x| 7q,p, <O D
Giffen = ~ R~ <O
good 77qs,x <0 nqs,ps <0 ‘qu,ps < ‘Wans’x‘ nqups >0 D
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6.2 Indirect rebound
The second term in Equation 4 is the indirect rebound effect (R, ):

R, =- Z)l//inql,ps 8

i(i%s

Hence, the indirect rebound effect associated with commodity i depends upon the elasticity

of demand for commodity i with respect to the energy cost of the energy service (7], n )

and the energy (or emissions) associated with expenditure on that commodity (U; W;)

relative to that associated with the energy service (UgWg ). Consumption of commodities

that are complements (substitutes) to the energy service will increase (reduce) following the
energy efficiency improvement. The impact of this on emissions will depend upon the
emissions associated with expenditure on the commodity relative to that associated with

expenditure on the energy service (V/ i) .

The overall indirect rebound effect is given by the sum of the individual effects for each
commodity. Equation 8 demonstrates that commodities with a small cross-price elasticity
may nevertheless contribute a large indirect rebound effect if they are relatively
energy/emission-intensive and/or have a large expenditure share (and vice versa).

The indirect rebound effect may also be decomposed into the sum of income and
substitution effects:

R = Z l‘//iwani,x _l//iﬁinsz ’

i(i#s)

The first term in in Equation 9 is the income effect ({/jWs Mg, x ) and the second term is the
substitution effect (—; ﬁq_ o ). The substitution effect for commodity i may offset or
1'~s

reinforce the income effect for that commodity (Error! Reference source not found.).
Consumption of commodities that are complements (substitutes) to the energy service will
increase (reduce) following the energy efficiency improvement.

If estimates of both 7]q and 7]q, x are available the indirect rebound effects for each

I"Fs
commodity can be derived and decomposed, but if only estimates of 7]q, x are available,

only the income effect can be obtained. To estimate the overall indirect rebound effect we
need to sum the corresponding change in emissions over all commodities.
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Table 7. Determinants of the sign of the indirect rebound effect for

commodity |
Nature of Sign of Sign of Relative size of Sign of Sign of
commodit expenditur compensate income and uncompensate indirect
yi e elasticity d cross- substitution effects d cross-price rebound
for price elasticity effect for
commodit  elasticity commodit
yi yi
Normal = Not relevant
good g, x> 0 Mg, <0 4,.ps <0 Ri; >0
Net Gross
complements complements
Normal = -
good Mgi x> 0 g, ps >0 Ty o <‘Ws nqi,x‘ 4.5 <0 RIi >0
Net s Gross
substitutes complements
Normal = -
good Mg . x >0 nqi:ps >0 4P > ‘Ws Uq,,x‘ nQifPs >0 RIi <0
Net s Gross
substitutes substitutes
Inferior = -
good Mg x < 0 quilps <0 Gi,p > ‘Ws qu,x‘ nqivps <0 RIi >0
Net Ihrs Gross
complements complements
Inferior o ~
good Uinx <0 nQirps <0 77q_ P < ‘Ws qu,x‘ nqivps >0 RIi <0
Net s Gross
complements substitutes
Inferior = Not relevant
good Mg x <0 T, ps >0 T ps >0 Ri; <0
Net Gross
substitutes substitutes

The different components of the total rebound effect are summarised in Error!

Reference source not found..

Table 8. Analytical expressions for the components of the total rebound

effect
Direct rebound effect Indirect rebound effect for
commodity i
Income effect ﬁ _ ﬁ _
D = WsT7q,,x I, = WiWsTlg,
Substitution effect Rn = — R, =—w:7
D ="y, p, i = Vil p,
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7 Annex 2 — Methods for estimating rebound
effects

Empirical estimates of rebound effects may be obtained through a variety of techniques that
are frequently used in combination. The main approaches are summarised below.

First, estimates may be required of the energy, emission and cost savings from the relevant
measure in the absence of any rebound effects (PES). These can be produced from
engineering models of household energy use, combined with data on the cost and
energy/emission intensity of the relevant energy carriers. In many cases, simple ‘back of the
envelope’ calculations may suffice.

Second, estimates may be required of the own-price elasticity of the relevant energy service,
since this provides a measure of the direct rebound effect (see Annex 1) [18]. This may be
achieved through econometric analysis of secondary data on the price and consumption of
the relevant energy service (e.g. heating). However, such data is frequently not available. A
common alternative is to estimate the own-price elasticity of the relevant energy carrier
(e.g. natural gas), since data on this is more readily available. If the energy carrier is used
for a single energy service, then this should provide an upper bound for the rebound effect
[18]. However, since most energy carriers are used for several energy services (e.g.
electricity), and/or several energy carriers are used for the same energy service (e.g.
heating), it is difficult to isolate the direct rebound effects for individual energy services
[170,171].

Third, estimates may be required of the cost savings from the measure and how they will be
re-spent on different categories of goods and services. The most common approach is to
assume that the re-spending will resemble the spending patterns observed in the past,
either for households as a whole or for relevant socio-economic group. These patterns can
be estimated from the econometric analysis of survey data on household expenditures [7-
9,39,46,172,173]. To estimate the full response it is necessary to estimate the own-price
elasticity of demand for the relevant energy service (direct rebound) and the elasticity of
demand for other goods and services with respect to the price of the energy service (indirect
rebound) - see Annex 1. However, the required data is frequently not available. A common
alternative is to estimate own and cross price elasticities for the relevant energy carrier, but
this creates similar problems to those indicated above. Moreover, the data requirements are
onerous and the limited degrees of freedom means that only a limited number of categories
of goods and services can be employed [46]. A much simpler alternative is to estimate the
income elasticities of different categories of goods and services (i.e. the percentage increase
in demand following a percentage increase in income) and to use these to estimate the
income effects. This provides a biased estimate of the rebound effect since substitution
effects are ignored, but the data requirements are less onerous and the greater degrees of
freedom allow household expenditure to be broken down into a large number of categories.

Fourth, estimates may be required of the energy consumption, carbon emissions or GHG
emissions that are ‘embodied’ in different categories of household goods and services. These
arise from the production and distribution of the product, including supply chains of
component parts and materials. To be accurate, such estimates should reflect the specific
origins of different goods and services (e.g. UK, China, US), together with the
corresponding differences in the energy/carbon/GHG-intensity of production and
distribution. Such estimates can be produced, to an increasing degree of accuracy, from
multiregional, environmentally-extended input-output (I-O) models [174-176], but if these
are not available the energy/emission intensity of domestic production can be used instead.
I-O models are calibrated to national data on the economic relationships between different
sectors, but have the drawback that economic structure and relative prices are assumed to
be fixed.

Fifth, estimates may be required of the own-price elasticities of supply and demand for the
relevant energy commodity. These may be obtained from the econometric analysis of
energy market data. Since price and quantity are simultaneously determined and hence
endogenous, there is the risk of biased estimates. Sometimes it is possible to accurately
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estimate the supply (demand) elasticity with the help of an ‘instrumental variable’ that is
correlated with price but does not influence supply (demand) [177]. Alternatively, a
simultaneous equation model may be used to estimate both elasticities simultaneously.
However, the required data may not be available.

Sixth, estimates may be required of the broader macroeconomic adjustments to improved
energy efficiency (secondary effects). Since these are difficult to measure, the most common
approach is to stimulate efficiency improvements with computable general equilibrium
(CGE) models of the macro-economy [178]. These are based upon I-O models, but (unlike
the latter) are able to simulate adjustments to prices and other variables. Most models
simulate national economies, but these can be extended to reflect the energy or emissions
embodied in imported goods. The typical approach is to compare the economy-wide energy
consumption in a baseline scenario to that in a scenario that includes an energy efficiency
improvement in one or more sectors. However, the results of such simulations are highly
sensitive to both the structure of the model and the parameter values assumed, so relatively
little confidence can be placed in the quantitative results [14]. Instead, such models are
more useful for qualitatively illustrating the nature of the economic response under
different conditions and assumptions.

Finally, estimates may be required of the energy consumption, carbon emissions or GHG
emissions that are ‘embodied’ in the energy efficiency measures themselves (e.g. LED light
bulbs), together with those embodied in the relevant alternative (e.g. conventional
incandescent bulbs). These may be obtained, to varying degrees of accuracy, from life-cycle
analyses of the relevant technologies.

energysufficiency.org 55


https://www.energysufficiency.org/

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22,

23.

24.

Energy Sufficiency and Rebound Effects

References

Steg, L.; Vlek, C., Encouraging pro-environmental behaviour: An integrative review
and research agenda. Journal of environmental psychology 2009, 29, 309-317.
Sorrell, S. The Rebound Effect: an assessment of the evidence for economy-wide
energy savings from improved energy efficiency; UK Energy Research Centre:
London, 2007.

Truelove, H.B.; Carrico, A.R.; Weber, E.U.; Raimi, K.T.; Vandenbergh, M.P., Positive
and negative spillover of pro-environmental behavior: An integrative review and
theoretical framework. Global Environmental Change 2014, 29, 127-138.

Sterman, J., Learning from evidence in a complex world. American Journal of Public
Health 2006, 96, 505-514.

Sorrell, S., Jevons’ Paradox revisited: The evidence for backfire from improved energy
efficiency. Energy Policy 2009, 37, 1456-1469.

Small, K.; Van Dender, K., Fuel efficiency motor vehicle travel: the declining rebound
effect. The Energy Journal 2007, 28, 25-51.

Chitnis, M.; Sorrell, S.; Druckman, A.; Firth, S.K.; Jackson, T., Turning lights into
flights: Estimating direct and indirect rebound effects for UK households. Energy
Policy 2013, 55, 234-250.

Chitnis, M.; Sorrell, S.; Druckman, A.; Firth, S.K.; Jackson, T., Who rebounds most?
Estimating direct and indirect rebound effects for different UK socioeconomic groups.
Ecological Economics 2014, 106, 12-32.

Druckman, A.; Chitnis, M.; Sorrell, S.; Jackson, T., Missing carbon reductions?
Exploring rebound and backfire effects in UK households. Energy Policy 2011, 39,
3572-3581.

Galvin, R., Rebound effects from speed and acceleration in electric and internal
combustion engine cars: an empirical and conceptual investigation. Applied Energy
2016, 172, 207-216.

Ruzzenenti, F.; Basosi, R., The role of the power/efficiency misconception in the
rebound effect's size debate: Does efficiency actually lead to a power enhancement?
Energy policy 2008, 36, 3626-3632.

Borenstein, S. A microeconomic framework for evaluating energy efficiency rebound
and some implications; National Bureau of Economic Research: 2013.

Lecca, P.; McGregor, P.G.; Swales, J.K.; Turner, K., The added value from a general
equilibrium analysis of increased efficiency in household energy use. Ecological
Economics 2014, 100, 51-62.

Koesler, S., Catching the rebound: economy-wide implications of an efficiency shock in
the provision of transport services by households. 2013.

Unruh, G.C., Understanding carbon lock-in. Energy Policy 2000, 28, 817-830.
Khazzoom, J.D., Economic implications of mandated efficiency standards for
household appliances. Energy Journal 1980, 1, 21-40.

Gillingham, K.; Rapson, D.; Wagner, G., The rebound effect and energy efficiency
policy. Review of Environmental Economics and Policy 2015, revo17y.

Sorrell, S.; Dimitropoulos, J., The rebound effect: Microeconomic definitions,
limitations and extensions. Ecological Economics 2007, 65, 636-649.

Knittel, C.R. Automobiles on steroids: Product attribute trade-offs and technological
progress in the automobile sector; National Bureau of Economic Research: 2009.
Berbel, J.; Gutiérrez-Martin, C.; Rodriguez-Diaz, J.A.; Camacho, E.; Montesinos, P.,
Literature review on rebound effect of water saving measures and analysis of a Spanish
case study. Water Resources Management 2015, 29, 663-678.

Azevedo, .M., Consumer end-use energy efficiency and rebound effects. Annual
Review of Environment and Resources 2014, 39, 393-418.

Guerra, A.-1.; Sancho, F., Rethinking economy-wide rebound measures: an unbiased
proposal. Energy Policy 2010, 38, 6684-6694.

Saunders, H.D., Fuel conserving (and using) production functions. Energy Economics
2008, 30, 2184-2235.

Anson, S.; Turner, K., Rebound and disinvestment effects in refined oil consumption
and supply resulting from an increase in energy efficiency in the Scottish commercial
transport sector. Energy Policy 2009, 37, 3608-3620.

energysufficiency.org 56


https://www.energysufficiency.org/

25.

26.

27.

28.

29.
30.
31.

32,

33-
34-
35-
36.

37

38.

39-

40.
41.

42.

43.
44.
45.
46.

47.

48.

49.

Energy Sufficiency and Rebound Effects

Turner, K., Rebound" effects from increased energy efficiency : a time to pause and
reflect. The Energy Journal 2013, 34, 25-42.

Jenkins, J.; Nordhaus, T.; Shellenberger, M. Energy emergence: rebound and backfire
as emergent phenomena; Breakthrough Institute: New York, USA, 2011.
Dimitropoulos, A.; Oueslati, W.; Sintek, C. The rebound effect in road transport: a
meta-analysis of empirical studies; OECD Environment Directorate: Paris, France,
2016.

West, J.; Hoekstra, M.; Meer, J.; Puller, S.L., Vehicle miles (not) traveled: Fuel
economy requirements, vehicle characteristics, and household driving. Journal of
Public Economics 2017, 145, 65-81.

Goodwin, P.; Van Dender, K., ‘Peak car’—themes and issues. Transport Reviews 2013,
33, 243-254.

Sorrell, S.; Dimitropoulos, J.; Sommerville, M., Empirical estimates of direct rebound
effects. Energy Policy 2009, 37, 1356-1371.

Aydin, E.; Kok, N.; Brounen, D. In Energy efficiency and household behavior: The
rebound effect in the residential sector.

Volland, B. Efficiency in Domestic Space Heating: An Estimation of the Direct
Rebound Effect for Domestic Heating in the US; IRENE Institute of Economic
Research: 2016.

Davis, L.W., Durable goods and residential demand for energy and water: evidence
from a field trial. The RAND Journal of Economics 2008, 39, 530-546.

Davis, L.W.; Fuchs, A.; Gertler, P.J. Cash for coolers; National Bureau of Economic
Research: 2012.

Sorrell, S. Mapping rebound effects from sustainable behaviours: key concepts and
literature review; Sussex Energy Group, SPRU, University of Sussex: Brighton, 2010.
Antal, M.; van den Bergh, J.C.J.M., Re-spending rebound: A macro-level assessment
for OECD countries and emerging economies. Energy Policy 2014, 68, 585-590.
Lenzen, M.; Dey, C.J., Economic, energy and greenhouse emissions impacts of some
consumer choice, technology and government outlay options. Energy Economics
2002, 24, 377-403.

Alfredsson, E.C., 'Green' consumption - no solution for climate change. Energy 2004,
29, 513-524.

Thomas, B.A.; Azevedo, I.L., Estimating direct and indirect rebound effects for U.S.
households with input—output analysis. Part 2: Simulation. Ecological Economics
2013, 86, 188-198.

Murray, C.K., What if consumers decided to all ‘go green’? Environmental rebound
effects from consumption decisions. Energy Policy 2013, 54, 240-256.
Freire-Gonzalez, J., Evidence of direct and indirect rebound effect in households in
EU-27 countries. Energy Policy 2017, 102, 270-276.

Bjelle, E.L.; Steen-Olsen, K.; Wood, R., Climate change mitigation potential of
Norwegian households and the rebound effect. Journal of Cleaner Production 2018,
172, 208-217.

Mizobuchi, K., An empirical study on the rebound effect considering capital costs.
Energy Economics 2008, 30, 2486-2516.

Lin, B.; Liu, X., Reform of refined oil product pricing mechanism and energy rebound
effect for passenger transportation in China. Energy Policy 2013, 57, 329-337.
Kratena, K.; Wuger, M. The full impact of energy efficiency on household's energy
demand; Austrian Institute of Economic Research (WIFO): 2008.

Chitnis, M.; Sorrell, S., Living up to expectations: Estimating direct and indirect
rebound effects for UK households. Energy Economics 2015, 52, S100-S116.

Figus, G.; Turner, K.; McGregor, P.; Katris, A., Making the case for supporting broad
energy efficiency programmes: Impacts on household incomes and other economic
benefits. Energy Policy 2017, 111, 157-165.

Turaga, R.M.R.; Howarth, R.B.; Borsuk, M.E., Pro-environmental behavior. Annals of
the New York Academy of Sciences 2010, 1185, 211-224.

Figus, G.; Lecca, P.; Turner, K.; McGregor, P.G., Increased Energy Efficiency in
Scottish Households: Trading-Off Economic Benefits and Energy Rebound Effects?
2016.

energysufficiency.org 57


https://www.energysufficiency.org/

50.

51.

52.

53
54.
55.

56.

57-

58.

59.

60.

61.

62.

63.

64.

65.

66.
67.

68.

69.

70.

71.

Energy Sufficiency and Rebound Effects

Stern, P.C., What psychology knows about energy conservation. American
Psychologist 1992, pp 1224-1232.

Jones, C.M.; Kammen, D.M., Quantifying Carbon Footprint Reduction Opportunities
for U.S. Households and Communities. Environmental Science & Technology 2011,
45, 4088-4095.

Caeiro, S.; Ramos, T.B.; Huisingh, D., Procedures and criteria to develop and evaluate
household sustainable consumption indicators. Journal of Cleaner Production 2012,
27, 72-91.

Tukker, A., Identifying Priorities for Environmental Product Policy. Journal of
Industrial Ecology 2006, 10, 1.

Tukker, A.; Jansen, B., Environmental Impacts of Products: A Detailed Review of
Studies. Journal of Industrial Ecology 2006, 10, 159.

Benders, R.M.J.; Moll, H.C.; Nijdam, D.S., From Energy to Environmental Analysis.
Journal of Industrial Ecology 2012, 16, 163-175.

Brand, C.; Preston, J.M., ‘60-20 emission’—The unequal distribution of greenhouse
gas emissions from personal, non-business travel in the UK. Transport Policy 2010,
17, 9-19.

EC Climate Action. https://ec.europa.eu/clima/policies/transport/aviation en
(19.05.17),

Hares, A.; Dickinson, J.; Wilkes, K., Climate change and the air travel decisions of UK
tourists. Journal of transport geography 2010, 18, 466-473.

Druckman, A.; Jackson, T., The carbon footprint of UK households 1990—2004: A
socio-economically disaggregated, quasi-multi-regional input—output model.
Ecological Economics 2009, 68, 2066-2077.

Druckman, A.; Chitnis, M.; Sorrell, S.; Jackson, T., Missing carbon reductions?
Exploring rebound and backfire effects in UK households Energy Policy 2011, 39,
3572—3581.

Fitzgerald, J.B.; Jorgenson, A.K.; Clark, B., Energy consumption and working hours: A
longitudinal study of developed and developing nations, 1990—2008. Environmental
Sociology 2015, 1, 213-223.

Thomas, S.; Thema, J.; Brishke, L.; Kopatz, M., Energy sufficiency policy: an evolution
of energy efficiency policy or radically new approaches? In ECEEE 2015 Summer
Study, 2015.

Bierwirth, A.; Thomas, S., Almost best friends: sufficiency and efficiency. Can
sufficiency maximise efficiency gains in buildings. In ECEEE Summer Study 2015,
2015.

Nissén, J.; Larsson, J.; Holmberg, J., The effect of work hours on energy use: A micro-
analysis of time and income effects. Proceedings to ACEEE Summer Study, La Colle
sur Loup, France 2009, 1-6.

Wrynes, S.; Nicholas, K.A., The climate mitigation gap: education and government
recommendations miss the most effective individual actions. Environmental Research
Letters 2017, 12, 074024.

WRAP The food we waste; Waste and Resources Action Programme: Banbury, Oxon,
2008.

Fearnley-Whittingstall, H., River Cottage Love Your Leftovers: Recipes for the
resourceful cook. Bloomsbury: London, UK, 2015.

Aleksandrowicz, L.; Green, R.; Joy, E.J.; Smith, P.; Haines, A., The Impacts of Dietary
Change on Greenhouse Gas Emissions, Land Use, Water Use, and Health: A
Systematic Review. PloS one 2016, 11, €0165797.

Tukker, A.; Goldbohm, R.A.; de Koning, A.; Verheijden, M.; Kleijn, R.; Wolf, O.; Pérez-
Dominguez, I.; Rueda-Cantuche, J.M., Environmental impacts of changes to healthier
diets in Europe. Ecological Economics 2011, 70, 1776—1788.

Bittman, M., The Food Matters Cookbook: 500 Revolutionary Recipes for Better
Living. Simon and Schuster: New York, 2010.

North Rhine-Westphalia Wohnraumnutzungsbestimmungen.
https://recht.nrw.de/lmi/owa/br text anzeigen?v_id=10000000000000000462

(19.05.17),

energysufficiency.org 58


https://www.energysufficiency.org/

72.

73

74.

75-

76.

77-

78.

79.
8o.

81.

82.
83.
84.
85.

86.

87.

88.

89.

90.

ol1.

92.

93.

94.

Energy Sufficiency and Rebound Effects

Nigbur, D.; Lyons, E.; Uzzell, D.; Muckle, R. Increasing recycling through community
action; Environmental Psychology Research Group, University of Surrey, Guildford,
2005.

Huneke, M., E. , The face of the un-consumer: An empirical examination of the
practice of voluntary simplicity in the United States. 2005; Vol. 22, pp 527-550.
Bradshaw, J.; Middleton, S.; Davis, A.; Oldfield, N.; Smith, N.; Cusworth, L.; Williams,
J. A minimum income standard for Britain: what people think; Joseph Rowntree
Foundation: York, UK, 2008.

Druckman, A.; Jackson, T., The bare necessities: how much household carbon do we
really need? Ecological Economics 2010, 69, 1794—1804.

Bradshaw, J.; Middleton, S.; Davis, A.; Oldfield, N.; Smith, N.; Cusworth, L.; Williams,
J., A minimum income standard for Britain: what people think. 2008.

Dey, C.; Berger, C.; Foran, B.; Foran, M.; Joske, R.; Lenzen, M.; Wood, R., Household
environmental pressure from consumption: an Australian environmental atlas. Sydney
University Press: 2007.

Irfany, M.I.; Klasen, S., Affluence and emission tradeoffs: evidence from Indonesian
households' carbon footprint. Environment and Development Economics 2017, 22,
546-570.

Wiedenhofer, D.; Guan, D.; Liu, Z.; Meng, J.; Zhang, N.; Wei, Y.-M., Unequal
household carbon footprints in China. Nature Climate Change 2017, 7, 75.

Weber, C.L.; Matthews, H.S., Quantifying the global and distributional aspects of
American household carbon footprint. Ecological economics 2008, 66, 379-391.
Lenzen, M.; Wier, M.; Cohen, C.; Hayami, H.; Pachauri, S.; Schaeffer, R., A
comparative multivariate analysis of household energy requirements in Australia,
Brazil, Denmark, India and Japan. Energy 2006, 31, 181-207.

Piketty, T., About capital in the twenty-first century. American Economic Review
2015, 105, 48-53.

Cooper, T., Slower consumption reflections on product life spans and the “throwaway
society”. Journal of Industrial Ecology 2005, 9, 51-67.

Douglas, M., The world of goods: Towards an anthropology of consumption.
Psychology Press: 2002; Vol. 6.

Jackson, T. Prosperity without growth? The transition to a sustainable economy;
Sustainable Development Commission: London, 2009.

Binswanger, M., Why does income growth fail to make us happier?: Searching for the
treadmills behind the paradox of happiness. The Journal of Socio-Economics 2006,
35, 366-381.

DECC Annual Fuel Poverty Statistics Report, 2016.
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/557400/An
nual_Fuel Poverty_Statistics_Report_2016_-_revised_30.09.2016.pdf (08.05.17),

NEF Fuel Poverty. http://www.nef.org.uk/knowledge-hub/energy-in-the-home/fuel-poverty
(08.05.17),

Oreszczyn, T.; Hong, S.H.; Ridley, I1.; Wilkinson, P.; Group, W.F.S., Determinants of
winter indoor temperatures in low income households in England. Energy and
Buildings 2006, 38, 245-252.

Matos, F.J.; Silva, F.J., The rebound effect on road freight transport: Empirical
evidence from Portugal. Energy Policy 2011, 39, 2833-2841.

Schultz, P.W.; Nolan, J.M.; Cialdini, R.B.; Goldstein, N.J.; Griskevicius, V., The
constructive, destructive, and reconstructive power of social norms. Psychological
science 2007, 18, 429-434.

Nigbur, D.; Lyons, E.; Uzzell, D., Attitudes, norms, identity and environmental
behaviour: Using an expanded theory of planned behaviour to predict participation in
a kerbside recycling programme. British Journal of Social Psychology 2010, 49, 259-
284.

Kollmuss, A.; Agyeman, J., Mind the gap: why do people act environmentally and what
are the barriers to pro-environmental behavior? Environmental education research
2002, 8, 239-260.

Carrus, G.; Passafaro, P.; Bonnes, M., Emotions, habits and rational choices in
ecological behaviours: The case of recycling and use of public transportation. Journal
of environmental psychology 2008, 28, 51-62.

energysufficiency.org 59


https://www.energysufficiency.org/
http://www.gov.uk/government/uploads/system/uploads/attachment_data/file/557400/Annual_Fuel_Poverty_Statistics_Report_2016_-_revised_30.09.2016.pdf
http://www.gov.uk/government/uploads/system/uploads/attachment_data/file/557400/Annual_Fuel_Poverty_Statistics_Report_2016_-_revised_30.09.2016.pdf
http://www.nef.org.uk/knowledge-hub/energy-in-the-home/fuel-poverty

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Energy Sufficiency and Rebound Effects

Matthies, E.; Kuhn, S.; Klockner, C.A., Travel mode choice of women: the result of
limitation, ecological norm, or weak habit? Environment and behavior 2002, 34, 163-
177.

Dolnicar, S.; Griin, B., Environmentally friendly behavior can heterogeneity among
individuals and contexts/environments be harvested for improved sustainable
management? Environment and Behavior 2009, 41, 693-714.

Schultz, W.P.; Khazian, A.M.; Zaleski, A.C., Using normative social influence to
promote conservation among hotel guests. Social influence 2008, 3, 4-23.
Gatersleben, B.; Steg, L.; Vlek, C., Measurement and determinants of environmentally
significant consumer behavior. Environment and behavior 2002, 34, 335-362.
Kormos, C.; Gifford, R., The validity of self-report measures of proenvironmental
behavior: A meta-analytic review. Journal of Environmental Psychology 2014, 40,
359-371.

Schwartz, D.; Bruine de Bruin, W.; Fischhoff, B.; Lave, L., Advertising energy saving
programs: The potential environmental cost of emphasizing monetary savings. Journal
of Experimental Psychology: Applied 2015, 21, 158.

Truelove, H.B.; Yeung, K.L.; Carrico, A.R.; Gillis, A.J.; Raimi, K.T., From plastic bottle
recycling to policy support: An experimental test of pro-environmental spillover.
Journal of Environmental Psychology 2016, 46, 55-66.

Corraliza, J.A.; Berenguer, J., Environmental values, beliefs, and actions: A situational
approach. Environment and behavior 2000, 32, 832-848.

Milfont, T.L.; Duckitt, J.; Cameron, L.D., A cross-cultural study of environmental
motive concerns and their implications for proenvironmental behavior. Environment
and Behavior 2006, 38, 745-767.

Oreg, S.; Katz-Gerro, T., Predicting proenvironmental behavior cross-nationally:
Values, the theory of planned behavior, and value-belief-norm theory. Environment
and Behavior 2006, 38, 462-483.

Ajzen, 1., From intentions to actions: A theory of planned behavior. In Action control,
Springer: 1985; pp 11-39.

Stern, P.C., New environmental theories: toward a coherent theory of environmentally
significant behavior. Journal of social issues 2000, 56, 407-424.

Lam, S.P., Predicting intention to save water: Theory of planned behavior, response
efficacy, vulnerability, and perceived efficiency of alternative solutionsi. Journal of
Applied Social Psychology 2006, 36, 2803-2824.

Chan, L.; Bishop, B., A moral basis for recycling: Extending the theory of planned
behaviour. Journal of Environmental Psychology 2013, 36, 96-102.

Gardner, B.; Abraham, C., Psychological correlates of car use: A meta-analysis.
Transportation Research Part F: Traffic Psychology and Behaviour 2008, 11, 300-
311.

Cialdini, R.B.; Kallgren, C.A.; Reno, R.R., A focus theory of normative conduct: A
theoretical refinement and reevaluation of the role of norms in human behavior.
Advances in experimental social psychology 1991, 24, 201-234.

Goldstein, N.J.; Cialdini, R.B.; Griskevicius, V., A room with a viewpoint: Using social
norms to motivate environmental conservation in hotels. Journal of consumer
Research 2008, 35, 472-482.

Griskevicius, V.; Tybur, J.M.; Van den Bergh, B., Going green to be seen: status,
reputation, and conspicuous conservation. Journal of personality and social
psychology 2010, 98, 392.

Schwartz, S.H., Normative influences on altruism. Advances in experimental social
psychology 1977, 10, 221-279.

Largo-Wight, E.; Bian, H.; Lange, L., An empirical test of an expanded version of the
Theory of Planned Behavior in predicting recycling behavior on campus. American
Journal of Health Education 2012, 43, 66-73.

Harland, P.; Staats, H.; Wilke, H.A., Situational and personality factors as direct or
personal norm mediated predictors of pro-environmental behavior: Questions derived
from norm-activation theory. Basic and applied social psychology 2007, 29, 323-334-.
Harland, P.; Staats, H.; Wilke, H.A., Explaining proenvironmental intention and
behavior by personal norms and the theory of planned behavior1. Journal of applied
social psychology 1999, 29, 2505-2528.

energysufficiency.org 60


https://www.energysufficiency.org/

117.

118.

119.

120.
121.
122,

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

Energy Sufficiency and Rebound Effects

Heath, Y.; Gifford, R., Extending the theory of planned behavior: predicting the use of
public transportationi. Journal of Applied Social Psychology 2002, 32, 2154-21809.
Bamberg, S.; Moser, G., Twenty years after Hines, Hungerford, and Tomera: A new
meta-analysis of psycho-social determinants of pro-environmental behaviour. Journal
of environmental psychology 2007, 27, 14-25.

De Groot, J.I.; Steg, L., Value orientations to explain beliefs related to environmental
significant behavior how to measure egoistic, altruistic, and biospheric value
orientations. Environment and Behavior 2008, 40, 330-354.

Nordlund, A.M.; Garvill, J., Value structures behind proenvironmental behavior.
Environment and behavior 2002, 34, 740-756.

Perlaviciute, G.; Steg, L., The influence of values on evaluations of energy alternatives.
Renewable energy 2015, 77, 259-267.

Schultz, P.W., The structure of environmental concern: Concern for self, other people,
and the biosphere. Journal of environmental psychology 2001, 21, 327-339.

Steg, L.; Bolderdijk, J.W.; Keizer, K.; Perlaviciute, G., An integrated framework for
encouraging pro-environmental behaviour: The role of values, situational factors and
goals. Journal of Environmental Psychology 2014, 38, 104-115.

Hurst, M.; Dittmar, H.; Bond, R.; Kasser, T., The relationship between materialistic
values and environmental attitudes and behaviors: A meta-analysis. Journal of
Environmental Psychology 2013, 36, 257-269.

Bem, D.J., Self-perception theory. Advances in experimental social psychology 1972,
6, 1-62.

Van der Werff, E.; Steg, L.; Keizer, K., It is a moral issue: the relationship between
environmental self-identity, obligation-based intrinsic motivation and pro-
environmental behaviour. Global environmental change 2013, 23, 1258-1265.
Whitmarsh, L.; O'Neill, S., Green identity, green living? The role of pro-environmental
self-identity in determining consistency across diverse pro-environmental behaviours.
Journal of Environmental Psychology 2010, 30, 305-314.

Kashima, Y.; Paladino, A.; Margetts, E.A., Environmentalist identity and
environmental striving. Journal of environmental psychology 2014, 38, 64-75.
Sparks, P.; Shepherd, R., Self-identity and the theory of planned behavior: Assesing the
role of identification with" green consumerism". Social psychology quarterly 1992,
388-399.

Gatersleben, B.; Murtagh, N.; Abrahamse, W., Values, identity and pro-environmental
behaviour. Contemporary Social Science 2014, 9, 374-392.

Abrahamse, W.; Steg, L.; Vlek, C.; Rothengatter, T., A review of intervention studies
aimed at household energy conservation. Journal of Environmental Psychology
20035, 25, 273-291.

Osbaldiston, R.; Schott, J.P., Environmental sustainability and behavioral science:
Meta-analysis of proenvironmental behavior experiments. Environment and Behavior
2012, 44, 257-299.

Delmas, M.A.; Fischlein, M.; Asensio, O.1., Information strategies and energy
conservation behavior: A meta-analysis of experimental studies from 1975 to 2012.
Energy Policy 2013, 61, 729-739.

Bolderdijk, J.; Steg, L.; Geller, E.; Lehman, P.; Postmes, T., Comparing the
effectiveness of monetary versus moral motives in environmental campaigning. Nature
Climate Change 2013, 3, 413-416.

Bamberg, S.; Schmidt, P., Incentives, morality, or habit? Predicting students’ car use
for university routes with the models of Ajzen, Schwartz, and Triandis. Environment
and behavior 2003, 35, 264-285.

Gneezy, A.; Imas, A.; Brown, A.; Nelson, L.D.; Norton, M.I., Paying to be nice:
Consistency and costly prosocial behavior. Management Science 2012, 58, 179-187.
Steinhorst, J.; Klockner, C.A.; Matthies, E., Saving electricity—For the money or the
environment? Risks of limiting pro-environmental spillover when using monetary
framing. Journal of Environmental Psychology 2015, 43, 125-135.

Alcott, B., The sufficiency strategy: Would rich-world frugality lower environmental
impact? Ecological Economics 2008, 64, 770-786.

Alfredsson, E.C., "Green" consumption--no solution for climate change. Energy 2004,
29, 513-524.

energysufficiency.org 61


https://www.energysufficiency.org/

140.

141.

142.

143.

144.
145.

146.

147.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

Energy Sufficiency and Rebound Effects

Binswanger, M., Technological progress and sustainable development: what about the
rebound effect? Ecological economics 2001, 36, 119-132.

Girod, B.; de Haan, P., GHG reduction potential of changes in consumption patterns
and higher quality levels: Evidence from Swiss household consumption survey. Energy
Policy 2009, 37, 5650-5661.

Thiesen, J.; Christiansen, T.S.; Kristensen, T.G.; Andersen, R.D.; Brunoe, B.;
Gregersen, T.K.; Thrane, M.; Weidema, B.P., Rebound effects of price differences.
International Journal of Life Cycle Assessment 2008, 13, 104-114.

Lenzen, M.; Dey, C.J., Economic, energy and greenhouse emissions impacts of some
consumer choice, technology and government outlay options. Energy Economics
2002, 24, 377-403.

Van den Bergh, J.C., Environment versus growth—A criticism of “degrowth” and a plea
for “a-growth”. Ecological economics 2011, 70, 881-890.

Schor, J.B., Sustainable consumption and worktime reduction. Journal of Industrial
Ecology 2005, 9, 37-50.

Knight, K.W.; Rosa, E.A.; Schor, J.B., Could working less reduce pressures on the
environment? A cross-national panel analysis of OECD countries, 1970—2007. Global
Environmental Change 2013, 23, 691-700.

Jackson, T.; Senker, P., Prosperity without growth: Economics for a finite planet.
Energy & Environment 2011, 22, 1013-1016.

. Néssén, J.; Larsson, J., Would shorter working time reduce greenhouse gas emissions?

An analysis of time use and consumption in Swedish households. Environment and
Planning C: Government and Policy 2015, 33, 726-745.

Kerkhof, A.C.; Nonhebel, S.; Moll, H.C., Relating the environmental impact of
consumption to household expenditures: an input—output analysis. Ecological
Economics 2009, 68, 1160-1170.

Shao, Q.; Shen, S., When reduced working time harms the environment: A panel
threshold analysis for EU-15, 1970—2010. Journal of Cleaner Production 2017, 147,
319-329.

Roca, J.; Serrano, M., Income growth and atmospheric pollution in Spain: an input—
output approach. Ecological Economics 2007, 63, 230-242.

Steg, L.; Lindenberg, S.; Keizer, K., Intrinsic motivation, norms and environmental
behaviour: the dynamics of overarching goals. International Review of Environmental
and Resource Economics 2016, 9, 179-207.

Bolderdijk, J.W.; Steg, L.; Geller, E.S.; Lehman, P.; Postmes, T., Comparing the
effectiveness of monetary versus moral motives in environmental campaigning. Nature
Climate Change 2013, 3, 413.

LiNdENBErG, S.; Steg, L., Goal-framing theory and norm-guided environmental
behavior. Encouraging sustainable behavior 2013, 37-54.

Jacobsen, G.D.; Kotchen, M.J.; Vandenbergh, M.P., The behavioral response to
voluntary provision of an environmental public good: Evidence from residential
electricity demand. European Economic Review 2012, 56, 946-960.

Merritt, A.C.; Effron, D.A.; Monin, B., Moral self-licensing: When being good frees us
to be bad. Social and personality psychology compass 2010, 4, 344-357.

Tiefenbeck, V.; Staake, T.; Roth, K.; Sachs, O., For better or for worse? Empirical
evidence of moral licensing in a behavioral energy conservation campaign. Energy
Policy 2013, 57, 160-171.

Mazar, N.; Zhong, C.-B., Do green products make us better people? Psychological
science 2010.

Miller, G.; Rathouse, K.; Scarles, C.; Holmes, K.; Tribe, J., Public understanding of
sustainable leisure and tourism: A report to the department for environment, food and
rural affairs. London: Delfra, University of Surrey 2007.

Klockner, C.A.; Nayum, A.; Mehmetoglu, M., Positive and negative spillover effects
from electric car purchase to car use. Transportation Research Part D: Transport and
Environment 2013, 21, 32-38.

Blanken, I.; van de Ven, N.; Zeelenberg, M., A meta-analytic review of moral licensing.
Personality and Social Psychology Bulletin 2015, 41, 540-558.

Clot, S.; Grolleau, G.; Ibanez, L., Do good deeds make bad people? European Journal
of Law and Economics 2016, 42, 491-513.

energysufficiency.org 62


https://www.energysufficiency.org/

163.

164.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

Energy Sufficiency and Rebound Effects

Eskine, K.J., Wholesome foods and wholesome morals? Organic foods reduce prosocial
behavior and harshen moral judgments. Social Psychological and Personality Science
2013, 4, 251-254.

Khan, U.; Dhar, R., Licensing effect in consumer choice. Journal of Marketing
Research 2006, 43, 259-266.

. Meijers, M.H.; Verlegh, P.W.; Noordewier, M.K.; Smit, E.G., The dark side of donating:

how donating may license environmentally unfriendly behavior. Social Influence
2015, 10, 250-263.

Van der Werff, E.; Steg, L.; Keizer, K., Follow the signal: when past pro-environmental
actions signal who you are. Journal of Environmental Psychology 2014, 40, 273-282.
Poortinga, W.; Whitmarsh, L.; Suffolk, C., The introduction of a single-use carrier bag
charge in Wales: Attitude change and behavioural spillover effects. Journal of
Environmental Psychology 2013, 36, 240-247.

Grubb, M., Planetary Economics: Energy, Climate Change and the Three Domains of
Sustainable Development. Routledge: 2014.

Jenkins, J.D., Political economy constraints on carbon pricing policies: What are the
implications for economic efficiency, environmental efficacy, and climate policy
design? Energy Policy 2014, 69, 467-477.

Chan, N.W_; Gillingham, K., The microeconomic theory of the rebound effect and its
welfare implications. Journal of the Association of Environmental and Resource
Economists 2015, 2, 133-159.

Ghosh, N.K.; Blackhurst, M.F., Energy savings and the rebound effect with multiple
energy services and efficiency correlation. Ecological Economics 2014, 105, 55-66.
Freire-Gonzélez, J., Methods to empirically estimate direct and indirect rebound effect
of energy-saving technological changes in households. Ecological modelling 2011,
223, 32-40.

Sorrell, S., Mapping rebound effects from sustainable behaviours: key concepts and
literature review. 2010.

Barrett, J.; Peters, G.; Wiedmann, T.; Scott, K.; Lenzen, M.; Roelich, K.; Le Quéré, C.,
Consumption-based GHG emission accounting: a UK case study. Climate Policy 2013,
13, 451-470.

Davis, S.J.; Caldeira, K., Consumption-based accounting of CO2 emissions.
Proceedings of the National Academy of Sciences 2010, 107, 5687-5692.

Kitzes, J., An introduction to environmentally-extended input-output analysis.
Resources 2013, 2, 489-503.

Angrist, J.; Krueger, A.B. Instrumental variables and the search for identification:
From supply and demand to natural experiments; National Bureau of Economic
Research: 2001.

Allan, G.; Hanley, N.; McGregor, P.; Swales, K.; Turner, K., The impact of increased
efficiency in the industrial use of energy: a computable general equilibrium analysis for
the United Kingdom. Energy Economics 2007, 29, 779-798.

energysufficiency.org 63


https://www.energysufficiency.org/

