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1 Introduction

This article will outline the problem of energy celmd and define its relevance for firm
management and the design of public and governinpalizies aimed at stimulating energy
conservation and improvements in energy efficiedyost everyone appears to be in favour
of energy conservation, especially when it is vtdmy as this is generally regarded as virtually
costless, or as economists like to say: a freehluMiost concrete proposals for reducing energy
use are nevertheless very local and partial inreafthe rebound problem addressed in this part
of the report suggests that one has to be scemticeden pessimistic about cheap solutions or
‘free lunches’ regarding energy conservation. Redoevaluation should be an essential part of
sustainability thinking in the sense that systerdemeffects must always be considered before
judging any strategy or policy. Rather than judeifig a pessimistic message about rebound,
this article aims to provide an understanding ef tbbound problem and offer suggestions for
strategies and public policies in order to contaimeduce the rebound effect so as to maximize

the efficiency of energy conservation.

Although this UNIDO report is concerned with indiedtenergy efficiency and conservation, an
adequate treatment of the overall rebound effeudissensible policies requires that interactions
between industry and consumers are taken into deragion. If not, the perspective will remain
partial implying that certain rebound channels aneerlooked and thus derived policy

suggestions may turn out ineffective after all.

Rebound may be particularly relevant to induskiaérgy conservation in developing countries
for a number of reasons. First, some of these desrghow a high rate of growth, which means
that they offer much potential for rapid accumuatof energy-using technologies and more
energy-intensive consumption. The direction of dmwaent could in fact widely range from
very energy-efficient to very inefficient - as oged to industrialized countries, where this
margin is likely to be narrower. Second, the cdsemergy is relatively high for some poor
countries, which may cause a relatively large fai@ngain to be associated with energy
conservation and in turn, among others, a conditiena-spending effect, by both firms and
consumers, among other things. The energy costaafugtion is relatively high due to low
wages. Third, developing countries may "technolalfydeap-frog" in terms of energy efficient
technologies as well as new energy using devicasit, lower education and less availability
of information in developing countries contributedecision making by firms, households and
governments that does not take all relevant econ@ni associated energy use effects into

account. It should be noted, however, that priveteé public decision-makers in industrialized



countries are also largely unaware of the rebodiiedts of their decisions. One is even tempted

to say that energy conservation is more drivendndgntentions than by good insights.

2. Definitions and inter pretations of energy and environmental rebound

"Energy rebound" denotes the phenomenon that grestergy efficiency, or plain energy
conservation through changes in behaviour or ckoid®y firms or consumers), triggers
additional energy use so that the net effect oal ®mhergy use over time becomes uncertain.
Since we are concerned with definite solutions éviosis environmental problems, like
human-induced climate change, we need to assesfnth¢erm and system-wide effects of any
energy strategy to assess whether it makes sasrseaft energy conservation or environmental
perspective. Improvements in energy efficiency rnayse additional negative environmental
effects when less energy use is characterized by material use, more use of space/land,
dangerous pollution (e.g., toxic materials), mosnsport and associated risks and noise, etc.
This is sometimes referred to as shifting problé&ms one area to another, or "environmental
rebound”. A basic example is reducing air or watglution but thus creating more solid waste,

in line with the mass balance principle.

Rebound due to energy efficiency improvements (lmitother types of energy conservation)
may be understood in terms of technical engineerergus behavioural-economic phenomena.
Here the initial energy savings are due to techlrocaengineering improvements in energy
using equipment. This conservation then initiatesamses behavioural and economic responses
- such as more intense use of more efficient eqaippnme-spending saved money or diffusion of

more efficient and therefore attractive technolsgievhich all together affects energy use.

Technical engineering improvements in energy edficy are not the only possible starting
point. Energy conservation can also result fromngea in behaviour (less driving, lowering
heating), which then can stimulate subsequent betial-economic changes that may partly or
wholly undo the initial gains. The difference isathwhereas with energy efficiency
improvements the same functions or services cailbibed with less energy (exergy) inputs,
in the case of energy conservation without efficieimprovements, the cost per unit of energy
is not reduced and typically functions or serviees altered (are reduced in size or number).
Examples are fewer kilometres driven and a lowemrdemperature in the house. Energy
efficiency improvements are therefore likely to gexte rebound to a larger degree than other

types of energy conservation.



Even though our concern should be with rebound global scale, it is clear that rebound is a
phenomenon which occurs on multiple scales. Wheunsétwolds or firms initiate energy
conservation activities, these may cause additienargy use within their own sub-system,
even without them being aware of it. One policypmsse could therefore be to make agents
conscious or aware of rebound effects occurrindpiwitheir own realm. In addition, rebound
occurs at industrial park, urban, regional, nati@mal international or global levels. Assessment
of the rebound channels at each higher level besomereasingly more difficult - both
theoretically and empirically - because of more ptax interactions and feedback mechanisms,
and ever larger numbers of economic agents anditedi This motivates the uncertainty of
rebound estimates, as will be discussed in moraildet Section 6. It also suggests that a

system-level solution is needed to counter rebound.

Aside from rebound (effect), different terms haweeib employed to denote identical or similar
notions or subsets of rebound effects: indirectemond-order effect, Khazzoom-Brookes effect,
backfire and Jevons' paradbihe latter two terms specifically denote 100 petaa more
rebound, meaning that energy conservation ultimagives rise to more energy use.
Nevertheless, some authors use "Jevon's paradoxé rgenerally, synonymously with
"rebound" in general, i.e. without referring topaesific range of rebound effects. Other areas of
research address similar issues referred to sometas "(carbon) leakage", notably in the
context of climate mitigation policy, where the aehtion of "dirty industries" (often to
developing countries with less stringent environtakenegulation) and associated changes in
foreign trade flows cause initial, direct reductoim GHG emissions to be compensated by
increases in GHG emissions elsewhere (Felder andeRard, 1993; Babiker 2001; Paltsev
2001; Kuik and Gerlagh, 2003). Eichner and Petl#§00) refer to the "green paradox”,
meaning that policies aimed at curbing GHG emissioray aggravate rather than alleviate

global warming.

The term rebound effect, although now quite widatgepted and precisely defined, is less
popular among economists, who seem to prefer thee n@ditional notions of general
equilibrium, economy-wide and macroeconomic effeétswever, rebound really denotes a

broader set of effects, as will become clear inndret section.

! Other, less common terms are take-back and sniagfifacts (Nadel, 1994).



3. Types of rebound pathways

As already indicated, rebound effects come in mdifferent forms and therefore are not
always easily recognized. The growing literature mbound effects offers a range of
classifications with different terminologies. A sito complete list of rebound mechanisms is

as follows:

« More intensive use of energy-consuming equipmentuyyent users because of higher
energy efficiency and thus a lower effective enarggt; Sorrell et al. (2007a) calls this
a direct rebound effect.

« Purchase of larger units or units with more funwigervices and consequently more
energy use (e.g., cars with air conditioning).

» Re-spending of financial savings on other energgrisive goods and services (income
effects).

« Creation of new demand (i.e. new users) due tavadonarket price of energy if initial
energy savings are considerable.

« Changes in the product lifecycle (virgin resourgtraction, production/manufacturing,
product use, waste treatment and reuse/recyclifiggteng energy use in each phase
and thus over the entire cycle; such effects maybeorecognized because of split
incentives (between firms or departments of firms).

« Substitution at the factor level (energy, capitabour, materials) or product level
(composition effects, notably the choice betweeargyrintensive versus -extensive
goods).

- Improvements in the productivity of complementargguction factors (capital, labour,
materials) due to increased energy efficiency (8askffect).

« Interactions between product, factor and financiatkets due to changing prices/costs
of energy.

« International trade and relocation effects.

« Capital investment and accumulation effects.

« Technological innovation and diffusion effects.

» Preference change in interaction with product ovise innovation.

- Effects on energy embodied in new, more energgiefit technologies and products.

« Time effect of changes in the energy efficiencyeahnical equipment.



Note that economic growth and an associated inergasnergy use are sometimes also cited.
However, it seems more correct to say that marthe@mechanisms named above contribute to
economic growth, which is then not a separate, timthdil effect, but an aggregation of all

effects.

Certain authors make a distinction between indiefétcts, mainly income or re-spending
effects, and economy-wide effects, covering pricg guantity adjustment effects on all markets
(intermediary and final goods/services). Howevhis tdistinction is not very convincing, as
economy-wide effects really cover all possible &fe on inputs, productivity, incomes,

expenditures, prices and quantities.

The energy embodied in products and servicesall.¢he direct and indirect energy needed to
produce them, seems to be often forgotten, evangthd may be relevant for technologies that
diffuse widely. For instance, ICT (information & mmonunication technologies), notably
computers and internet, have often been suggesta@duce environmental pressure (the
paperless office). However, their rebound effecy rha significant, among others, because of
considerable embodied energy effects (production cafmputer chips being very
energy-intensive) and energy use involved in opegatomputers (van den Bergh et al., 2009).
In addition, technological diffusion combined wijtheference changes are important, notably in
relation to the diffusion of general purpose tedbgies (which affect or permeate the entire
economy, like electric and combustion engines,ah®mobile, energy storage/batteries, ICT
and the internet). Last but not least, from thespective of industry relations, complex webs of
firm interactions, long production chains and intgronal logistics/transport may be very
relevant to obtaining a full understanding of thebound effect of industrial energy

conservation. All in all, a complex picture of reinol pathways emerges.

The time effect of more energy efficient technolagyl influence rebound as well. If energy
efficiency improvements are accompanied by (or epless time efficiency or cost more time
in operating the technology (or travelling a certdistance, in the case of transport technology),
generally a smaller rebound effect results. Anease in time efficiency, on the other hand, can
generate a higher rebound effect (Binswanger, 2@aitell and Dimitropoulos, 2008). The

latter seems to be the more common case.

Note that the above list contains 14 mechanism&0lfre operative and contribute only a 2

percent rebound on average, this would resultd@ percent rebound.



One might argue that certain mechanisms are pgsidol easily interpreted as rebound of
energy conservation, namely because multiple factme at stake. However, if energy
conservation is an essential or necessary fattorakes sense to regard the effect as rebound.
Another argument is that rebound sometimes jussrizh unmet demand that might have been
fulfilled (later) in other ways, such as througlgukar income growth. This does not seem a
convincing argument though, since the effect coodd contained by a policy, as will be

discussed later on.

4. Four fundamental reasonsfor the rebound phenomenon

To understand the nature of rebound effects angdonesto them through management and
public policy, one needs to understand their furelaal causes. For this purpose, | intend to

elaborate on four views.

First, increased efficiency or conservation redugeis that constrain the physical (energetic
and material) dimensions of economies (Alcott, 30Q@9mits relate to time, money, scarce
resources, production factors, and space. By iatiesuch limits, the physical dimensions of
the economy can grow so that it can capture mareyen maximize use of, energy/materials.
In an analogous way, ecosystems focus on maximieirgygy capture (Schneider and Kay,
1994).

A second view is based on recognizing the impactnugdroving the efficiency of general
purpose technologies (Sorrell, 2009). This resulthie diffusion of such technologies, which
creates considerable economy-wide and dynamic teffeccluding the growth of existing
sectors, the rise of new activities, processespaoducts, and associated emergence of demand
and changes in consumer preferences. Technololistry is full of examples, the steam
engine being one: improvements in its efficiencywegaise to the diffusion of textiles, to
transport and many other sectors. The same happeétiedlectricity, chemicals and, currently,

computers and mobile ICT equipment.



More generally, it seems that energy efficiencyriowements in technology are associated with
three important rebound channels that other typemergy conservation (changing behaviour)
do not have: namely, direct rebound effects (motense use because of a lower effective
energy cost), diffusion of more efficient and tlere more attractive technologies, and general
productivity effects. The latter covers increasihg productivity of other factors and relieving

limits related to these, as explained under tre firew. Note that all three rebound effects are

stronger for general purposes than other techretogi

Alcott (2009) offers an interesting and detailedcdission of a third view on energy or
environmental rebound effects based on the faneB$A* T equation (Ehrlich and Holdren,
1971). This equation represents the environmenaain@) as being the product of three factors,
namely population (P), affluence (A) and technatagperformance or efficiency (T). The latter
factor captures increased efficiency, covering gynefficiency, which has the direct effect that
it lowers |. HoweverP and A may change in response (indirect effects), whiclimaghe net
effect onl is principally uncertain. Any ‘right-hand’ strategy policy trying to reducéd (or P,

A) will therefore run the risk of rebound: reducto in one factor can be followed by
compensatory increases in others. Alcott insteaghgees implementing ‘left-hand’ side or
impact (I) caps, which are independent ofARgnd T. Examples are physical caps or taxes on
carbon-based energy harvesting and mining or ofutp@ emissions, and limiting energy
consumption per person (quotas, rationing) thropgtsonal carbon budgets, for example. We

will consider the best choice in more detail int®etT?7.

A fourth view relates to bounded rationality of ividuals, households and firms. This
expresses itself through agents showing myopia,itfiabiases regarding responses to
uncertainty, and "wrong/mistaken" goals. Much hasrbwritten on this already in relation to
the energy gap, that is, the problem of profitadahergy saving opportunities that are not or
insufficiently being translated into concrete elyergnservation actions. However, this problem

may extend to rebound.

5. Empirical estimates of rebound

More research seems to have been devoted to enesgpund in relation to
consumers/households than producers (industry/fiririee current report focuses the attention
on energy conservation and efficiency improvememtsxdustry. Nevertheless, much can be

learned from both the mechanisms and magnitudesbafund as assessed in studies oriented



towards consumers or households, since the basigysaving strategies are similar, having to
do with heating/cooling, transport, and use of eleequipment and other machinery (kinetic
energy). Different types of studies (case studjesstionnaires, income/price-elasticity studies,
statistical-econometric studies, general equilibrimnodelling, etc.) offer distinct and possibly

complementary angles.

A rigorous review by Sorrell (2007a) for the UK pides a summary of the main rebound
estimates, the assumptions and conditions undeshwthiey hold and the shortcomings of the
studies. The following empirical insights can beided from it. Although there is much
uncertainty about exact magnitudes, the availatildeace shows that specific rebound effects
or mechanisms vary widely between sectors and tégbres. It is not possible to say whether
direct rebound effects generally are larger or Bnahan indirect effects. The direct rebound
effect may be around 30 percent for many caseswédhold heating and cooling and lower for
transport, although some studies report individcases with much higher rebound rates.
Indirect or economy-wide rebound effects may beuado10 percent, while they are often
higher. Sorrell notes that various studies repudirect rebound effects greater than 50 percent.
These findings mostly concern developed countfi@sdeveloping countries, the figures are
likely to be higher, as argued in Section 1. A nm@ason is that rebound effects will typically
be modest when the cost of energy is small comptretbtal costs or income. The latter
suggests that rebound effects will differ betweenhhologies and sectors in relation to
energy/total cost ratios. In other words, sectorswhich the production factor energy is
relatively important are likely to show higher reinol effects in response to energy

conservation efforts, ceteris paribus.

A caveat to all these results is that the empie@dence is based on relatively few studies, few
comparable studies and debatable models and datell§2007a) and various other authors
think that the empirical evidence is too weak tavddefinite conclusions about the magnitude
of rebound effects. For example, some studiesverg high effects: e.g., Hanley et al. (2009)
find that a general improvement in the energy efficy of production sectors of the Scottish
economy generates backfire; and Frondel et al.ge€@iad fuel efficiency improvements to
cause 57-67 percent rebound. In addition, sevardies find relatively small rebound effects,
in the range of 10—20 percent (Schipper and GraB00; Greening et al., 2000; Small and Van
Dender, 2007). However, as will be discussed inrthgt section, these results need to be
interpreted with care, as they are bound to bégbamtmany ways. The general question is why

studies find such distinct rebound effects: is thésause of unique local features or because of



methodological differences? Probably both factéey p role.

Table 1 illustrates four aggregate categories efg@nrconsuming activity indicators that allow a
qualitative estimation of rebound effects of enecggiservation. From the rebound mechanisms
listed in Section 3, we can derive that importatiires to assess the potential rebound effect
are the energy/total cost ratio, direct reboundatfmore intensive use of current equipment),
productivity effect (or effect on other productiéerctors), and technological diffusion effect.
One can conclude from the table that most rebowrdslikely to be associated with the

activities of industrial processing and transpogistics.

Tablel Qualitative assessment of indicators of potential rebound for different energy
consuming activities
Type of .
industrial Proportion Ener_gycongervalmn
with or without L .
energy of energy efficien Energy efficiency improvement
consuming use . &
o improvement
activity
Moreintensive Technological
Energy/total cost use of existing | Productivity effect | diffusion effect
. equipment (effect on other (esp. general
ratio . .
(direct rebound | production factors purpose
effect) technology)
In.dus_trlal Small Small Medium Small No
lighting
Refrigeration Medium Small Small Small No
A.I_r . Medium Medium Small Small Small
conditioning
Space heating Medium Large Small Small No
Water heating Medium Small Small Small No
Industrlgl Large Large Medium Large Medium
processing
Transp qrt and Large Large Large Medium Medium
logistics

Note: Activities like energy (electricity, oil, gas) gemagion, transformation and transport, and electric

motors may also be included.

6. Uncertainty about empirical estimates: A lower bound to rebound?

There is not much disagreement that rebound islpgesand likely. But there is debate over its

magnitude. Various studies summarize the debage ¢tp://www.eoearth.org/article/Rebound

effec)). The relevance of policy to contain or reduce tefabeffects is clear, irrespective of the
precise magnitude of rebound. Nevertheless, iiterésting to know whether rebound is small

(0—20 percent), significant (20-50 percent) or wioigly large (more than 50 percent) or even



counterproductive (more than 100 percent, or "beeRf Current empirical research cannot
settle this entirely, even though methodologicaiyrect studies have estimated backfire for

particular cases (e.g., Hanley et al., 2009).

Various authors argue that there are many reasdoslieve, firstly, that an accurate estimation
of rebound is very hard, and secondly, that mangiecal studies of rebound have produced
estimates that very likely underestimate the refééce since upward biases are more
noteworthy than downward ones (Polimeni, 2008; &pbre007a, 2009). To support this view,
partial analysis, unclear system boundaries, uaicednd unobservable cause-effect chains,
limited time horizons, neglect of international einsions (trans-boundary effects, trade,
relocation), and long-term dynamics (changing, gedous preferences, technological change
and diffusion, new products, capital accumulatioxd @conomic growth) are relevant. Many
empirical studies of energy conservation and retiodepend heavily on price elasticity
estimates. However, these reflect very partial t@noporal indicators of behavioural responses
to energy cost changes. Of all the rebound mecimsnidentified in Section 3, several are
difficult to assess empirically. More generallye thxact causality is difficult to trace or prove -

decision makers themselves may not even be awiitre of

Polimeni et al. (2008) emphasize that system baigglare not fixed, but rather continuously
change as part of the almost inevitable, evolutipdaive of the system to capture more energy,
to expand and to create new pathways of energyghrohe innovation and creation of new
technologies, products, services and even prefeseacd sectors. Herring (2008) refers in this
context to "transformation effects". Any reductiohenergy use somewhere in the system will
mean more available energy that will somehow betuteg - similar to what is widely
documented to happen with natural, ecological systelo fully understand this point, one
needs to delve into the difficult thermodynamicdiohg systems (Schneider and Kay, 1994).
A similar approach is followed by Ruzzenenti ands&a (2008), who argue that a good
example is provided by the rise in the overall ctamipy of production characterized by more
roundabout processes and outsourcing, in turn gjikise to an increase in freight transport and

associated energy use.

Some authors have claimed a rebound at the macgtobal level of more than 100 percent,

also known as the Jevon's paradox (after Jevor8s aBalysis of consumption and prices of
coal) or "backfire" effect. A fierce position onidtwas taken in a recent book by Polimeni et al.
(2008). However, it does not really offer a systemnalysis, but rather ad hoc examples. As a

result, correlation may be confused with causality, particular income growth and
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technological diffusion may be attributed too maehmprovements in energy efficiency, rather

than be recognized as autonomous phenomena.

Another factor contributing to uncertainty aboutatorebound effects is the precise role of
energy in production, notably the degree of sultstility of energy by other production

factors, the energy (exergy) embodied in such ddmors - labour, capital, materials and land,
and the effect of improvements in the productiatycapital, labour and materials due to energy
efficiency improvements (Ayres and Warr, 2009).sTisi relevant for our context here, since if
it is true that energy is largely complementargtioer factors as well as a more important factor
in production than recognized by most current engnanodels and studies, the improvements
in its efficiency would increase the productivity @her factors, thus contributing to rebound

more than is recognized by the majority of avadattonomic models.

Other uncertainties or, at the very least, diffies in assessment of rebound effects relate to
capital costs and embodied energy of more eneffipiesft equipment. With regard to the first
issue, improved technology generally is more expen@ terms of investment/capital cost and
sometimes also in terms of operation costs or igputther factors), in which case the direct
(intensified use) and re-spending effects will ealler. Embodied energy contributes to
increase the rebound effect. However, its assedsmgnires taking into account all indirect use
of energy throughout the economy, ideally usingeafget I/O table. In summary, although

biases in estimating rebound can go either wag,ritost likely that rebound is underestimated.

7. Policy responsesto reduce or minimize rebound effects

Even though the magnitude of rebound is uncertaahigh likelihood that rebound often will
be positive is sufficient reason for trying to redwr even minimize it. The starting point for
the analysis here is the set of fundamental reakwnebound as discussed in Section 4. An
important principle should be to make sure thatitinmare not relieved, neither physical,
temporal, nor financial limits - at the individuahd systems level. To realize this, policies
should either integrate the stimulation of energnservation/efficiency and minimization of
rebound, or implement complementary rebound pdlicieor example, industrial, national or
global standards or ceilings can pose an overait lio pollutive emissions; price regulation
means that financial or budgetary limits are matfecBve. This section will address the
question of which advantages and disadvantagestfrerperspective of rebound are associated

with the various instruments.
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To take a robust starting point for policy analydet us consider a common typology of
instruments to stimulate energy conservation: r{fprimation provision and "moral suasion"
(fostering "voluntary action"), (ii) direct or phgsal regulations (standards for technology or
buildings), (iii) price regulation (taxes, levies)d (iv) tradable permits (i.e. an overall ceiling
combined with a price mechanism). There are twatsbmings associated with instruments (i)
and (ii). First, they do not raise the costs ofrgpeise per unit, so that in any case the diredt an
re-spending rebound effect will be considerableo8d, there is no ceiling, so that productivity
effects, new preferences, technological diffusiod,ailtimately, income growth can give rise to
more consumption of energy services. A recent elawipinstrument (ii) is the abolishment of
incandescent light bulbs set in motion by the Bithich can be judged as a good intentions, but
as a possibly ineffective policy against the backgd just outlined. In addition, a practical
problem of technical (emission or quality) standasithat each technology, product and service
needs its particular piece of information, otheenisbound will also involve shifts to products
and technologies which fall outside the regulativeynework. With regard to instrument (iii),
the first problem does not exist, but the secondsd@nly with instrument (iv) can both

shortcomings or problems be avoided. This is sunz@din Table 2.

Table?2 Impact of policy instruments on rebound
Rebound effects
Cost it of : _—
OSL per it of energy use: Hard limitsto overall energy use
E.g., more intense use of equipmgnt, g
Instrument type . . (or GHG emissions):
and re-spending effect and shn‘tmgp -
) roductivity effects, new preferenges
to other energy consuming produgts e
. and diffusion of technology effects
and services
0] Infolrlmatlon prowsu:n No No
and "moral suasion
(i) Command-and-contrql
(dl_rect / physical . No No
regulation or technological
/ emission standards)

(iii) Market-baseq
instruments  or  prig Yes No
regulation (taxes, levies)
(iv) Tradable permits (i.g
an overall ceilin
combined with a prig ves ves
mechanism)

If instrument (iv), that is, tradable permits argroduced, preference and technologies can

change in any direction in response to energy ewaten. However, if this means an increase
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in the potential demand for energy services (o €Qissions), then scarcity will increase and
the price of permits and therefore of energy wdl up to the extent that demand for energy
services will remain within the limits set by theilong because of the fixed supply, that is, the
ceiling of total energy use (G@missions),. No other instrument can realize thane studies
have compared COtaxes with tradable permits have decided in favolrtaxes. Subtle
comparisons show that the two instruments sharey rieatures and that hybrid systems can do
the job as well, perhaps even better (Parry andrPR007). However, none has taken the
rebound effect into account as an evaluation doitelf this is done, then tradable permits stand
out as a superior instrument of an energy condervannex climate or COmitigation policy.
However, an alternative solution is offered by 8brf2007a): "Carbon/energy pricing needs to
increase over time at a rate sufficient to accomatetoth income growth and rebound effects,
simply to prevent carbon emissions from increasiigneeds to increase more rapidly if
emissions are to be reduced." The disadvantageuoh @ policy arrangement is that
governments need to continuously collect informmatitoout relevant changes in the economy
and adapt the policy in response, which is bounthéet a great deal of political and social
resistance. In contrast, a once-and-for-all instbtradable permit system, if implemented well,
can do the job more easily, with an endogenousghat responds automatically to market

(technological and preference) changes.

To make this conclusion absolutely clear, let wklat instruments other than price regulation
and tradable permits. Voluntary action stimulatgdriformation provision and moral suasion
has the disadvantage that it may seem like a chelpion (that is why it receives so much
political support — from the left to the right). tever, it allows for a maximum of rebound and
leakage due to the lack of any additional physacal price constraint on behaviour. Subsidizing
energy efficiency improvements or conservation véllen further stimulate rebound as
spending power increases. Generally, one shouldabeful with direct and indirect (hidden)

subsidies if there is no good reason for these (fiksitive externalities, such as mainly are
found in R&D or innovation processes). Due to refmbstimulus in this case, there is extra

reason to be careful with subsidies (van Beersvandden Bergh, 2009).

Section 4 concluded that energy efficiency improgets in technology are associated with two
important rebound channels that other types ofggneonservation (changing behaviour) do not
have: namely direct rebound effects and diffusibmore efficient technologies. This suggests
that energy conservation policy ought to focus dteention on the latter type of energy

conservation strategy, i.e. changing behaviour.nglavith this, policy could try to motivate

13



decisions, particularly regarding spending, to lveated at (relatively) energy intensive goods
and services. This holds equally true for consuraadsfirms/industry. The obvious instrument
is one that can accurately notify buyers abouethergy intensity of goods and services. Again,
price corrections to account for energy (or begtet CQ and other externality causing

substances) stand out as the superior instrumdmgther in the form of taxes or tradable

permits that capture energy-related external costs.

Of course the previous conclusion does not imply sinould avoid improvements in technical
efficiency. Yet one needs to realize that manyhese will have negative net effects, especially
when they concern core or general purpose (GPhntdafies which tend to permeate the
economy once a threshold efficiency of operatioreadized, and thus indirectly contribute to
the growth of energy services. Pragmatically, poktould distinguish clearly between GP
technologies and technologies that can realize tacanservation benefit. Sorrel (2007a)
emphasizes the case of insulation, but not mansnpbes exist. The problem may be that when
technologies do not have a general purpose charaoteovation (RDD&D) costs may be

relatively high, as each specific technology wittinsited area of application will require its

own R&D and learning path. So it seems there isidwal solution, i.e. one without

disadvantages.

Policymakers must finally realize that a potenpiatadox ensues from the discussion of Section
3, namely that rebound is large where energy ude@msequently, potential savings are large,
and that rebound is small where energy use is nhaahelsrespective potential savings are small.
The foregoing notes imply a serious warning agdiestg overly optimistic about what can be
realized with energy conservation if measures ateegulated well by taxes or permits that are
easier to trade. However, even adequate regulagmmot guarantee avoiding rebound. The
ultimate contribution of energy conservation mightmore disappointing than many are willing
to accept. Taking rebound seriously means makingrggn conservation strategies more
effective. It will also affect the evaluation (e.gwith cost-benefit analysis) of energy
conservation programmes or comparisons with alteensstrategies, like stimulation of, or

investment in, renewable energy.

8. Conclusions

Despite the good intentions of governments, firmd andividuals stimulating or undertaking

energy conservation, such efforts offer no guararite effectiveness in terms of reduced
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energy use and associated GHG emissions. One meestdlgis article is therefore: don't be

fooled by good intentions.

Fourteen possible rebound channels or mechaniswues been defined here and it was argued
that rebound or indirect compensatory effects ofrgym and environmental strategies and
policies are no exception, but rather the rule. ddwoer, they have been insufficiently taken into
account in studies on energy efficiency so farf thaof the very large empirical literature on
energy conservation and efficiency, a relativelyagmumber of studies have corrected for
rebound. Indeed, most studies arguing that ceela@mgy conservation strategies are beneficial
to the environment are based in partial analys$ thiis tend to arrive at overly optimist
conclusions regarding the environmental effectigenaf such strategies. All in all, we have to
be careful when judging studies that claim thatrgnefficiency is easy and truly pays off. A

note on rebound is always in order.

The most practical advice arising that can be impleted at short notice may be that whenever
concrete energy conservation activities or efficieimprovements are proposed, an energy
rebound assessment is heeded, just like any laxgstiment project requires an environmental
impact assessment. Or perhaps one should requiendronmental rebound instead of an
energy rebound assessment, as our ultimate coleemith environmental, notably climate
change impacts, also in view of the distinctionaBen more and less environmentally harmful

energy generation (e.g., coal versus wind).

In addition, policy evaluation for energy conseiwator better climate policy aimed at
mitigation of CQ (or more generally greenhouse gas) emissions dhindude the impact on
the rebound effect as an evaluation criterionhil {s done, then - as discussed in the previous
section - tradable permits stand out as a sup@rgirument of energy conservation annex

climate or CQ mitigation policy.

As was argued in the introduction, there are vari@asons to believe that energy rebound can
be a serious problem in developing countries, taameason being that consumption of energy
services by both industries and households is nlesb saturated than it is in developed
countries. Energy efficiency has a double roleemafioping countries, namely to contribute to
development and to reduce pollutive emissions. Al these goals may seem to be in
conflict, they are not. If rebound is minimized,vdlopment can be realized at a minimal

(additional) environmental cost.
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Unfortunately, few rebound studies are available developing countries. Most empirical
evidence on rebound is for industrialized countrighich means that transfer of associated
insights to developing country contexts is requireatrecting for fundamental differences in
production and consumption. Evidently, there idemicneed for research specifically focussed
on the rebound of industrial energy efficiency imyp@ments in developing countries before any
definite conclusions can be drawn. Neverthelegseaautionary approach would mean that we
seriously consider the possibility of relativelyghi rebound effects in comparison with
developed countries. It should also be noted thHatewmany existing empirical studies show
positive to very high rebound, several even oved® percent (backfire), all studies are
incomplete and partial in system, space and terhp®ases, meaning that they tend to

underestimate the total rebound effect.

The literature on energy rebound makes clarifiest thnergy conservation (policy) is no

substitute for environmental regulation, just asvimmental innovation (policy) is no

substitute for environmental regulation. Politigalthis may not be a very welcome message.
But it needs to be stressed that both energy cestsem and environmental innovation can only
be effective after a good policy has been put iac@lto secure environmental regulation
(pricing environmental externalities). As arguedehealso considering rebound requires setting
a ceiling for undesirable emissions, like of GH@stably CQ. The ideal instrument which

follows from the two conditions is a system of @btk permits. This should apply to the whole
(world) economy. Any incomplete coverage of poliag,is presently the case (Kyoto does not
cover the entire world and the ETS is limited tadpe and a subset of production sectors) will

only allow for avoidable rebound.

We further have to recognize that private firmspstomers and politicians alike will always

search for an easy way out. This means they wiltdrfocus on solutions that seem effective
and cheap. Unfortunately, the easier and cheapesdhution seems, the more likely rebound
tends to occur. This is one more reason to instgbod regulatory policy that encompasses

rebound.
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It is likely that rebound problems also hold forgeneration (combined heat and power - CHP),
and carbon capture and storage (CCS). A generalluan is that renewable energy and
related stimulation policy become more attractivgew rebound is taken into account. In fact,
the preferred order of strategies in view of enwnental aims is: renewable energy, energy
conservation without efficiency improvements, egeefficiency improvements. This suggests
that it is opportune to redirect part of our irtetiual and financial efforts away from energy
efficiency to renewable energy. In particular, isglies/firms might be stimulated to invest in

local renewable energy rather than in energy coasien.
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